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a b s t r a c t

Chiral amino acids (AAs) serve as essential building blocks of proteins and play vital physiological roles

in living organisms. To achieve accurate, rapid, and high-throughput analysis of chiral AAs, this work

proposed a methylbenzyl isocyanate (MBIC) derivatization strategy coupled with ultra-high performance

liquid chromatography-mass spectrometry or trapped ion mobility spectrometry-mass spectrometry. The

integration of a chiral carbon atom with a rigid urea-based structure can significantly enhance the sep-

aration of chiral MBIC-labeled AA enantiomers. This phenomenon can be attributed to the labeled l-

AAs allow the carboxyl group to form intramolecular hydrogen bonds with the amino group in the

rigid urea-based structure, whereas labeled d-AAs are unable to form such bonds. The method based

on MBIC derivatization coupled with ultra-performance liquid chromatography-tandem mass spectrome-

try achieved simultaneous separation of 19 pairs of chiral AAs using only a C18 column within 30min,

enabling quantitatively detect twelve types of chiral AAs in the serum of healthy humans and Parkinson’s

patients. The distribution of twenty-four chiral AAs is observed in mouse brain using MBIC labeling-based

matrix-assisted laser desorption/ionization-trapped ion mobility spectrometry-mass spectrometry imag-

ing without prior separation. Our work elucidates the principles governing the separation of chiral AAs

using derivatization methods, providing valuable guidance for the separation of chiral compounds.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Chiral compounds are prevalent in nature, particularly within

biological systems, including chiral amino acids (AAs), carbohy-

drates, and nucleic acids [1]. Chiral AAs serve as the essential

building blocks of proteins and play vital physiological roles in liv-

ing organisms [2]. While nearly all natural proteins are composed

of l-amino acids, their precise roles in protein synthesis and cellu-

lar metabolism continue to elude complete scientific understand-

ing [3]. Enzymatic conversion [4] and spontaneous inversion [5]

may facilitate the transformation of l-AAs to d-AAs, and upon the

death of an organism, chiral AAs experience racemization [6]. On

the other hand, elevated levels of free d-amino acids have been

implicated in various pathological conditions, including cataracts,

Alzheimer’s disease, and multiple sclerosis [7]. Given the essential

roles of chiral AAs in organisms, precise chiral AAs analysis has be-

come invaluable for progress in diverse fields ranging from clinical
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diagnosis and drug discovery to biochemical research and archae-

ological dating.

Developing a method to the simultaneous analysis of chi-

ral compounds in complex samples typically necessitates sample

preparation methods, which may include the use of chiral sens-

ing elements [8–10], chiral separation materials [11–13], and chi-

ral derivatization reactions [14–16]. Enhanced sensitivity and effi-

cacy render chiral derivatization strategies increasingly invaluable

and significant for enantiomeric analysis [17,18]. The fundamen-

tal mechanism of chiral derivatization involves reacting the ana-

lyte with a chiral or achiral reagent to form a labeled chiral ana-

lyte [19,20]. These labeled chiral analytes exhibit different physic-

ochemical properties in conventional detection systems, such as

varying molecular sizes or differing hydrophilic/hydrophobic char-

acteristics [21,22]. This facilitates the integration of chiral deriva-

tization methods with various analytical techniques, such as, Liq-

uid chromatography-mass spectrometry based on chiral stationary

phase [23–25], allowing for the simultaneous analysis of multiple

chiral compounds in complex samples.

https://doi.org/10.1016/j.cclet.2025.112039
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Given the critical role of chiral AAs analysis in biological sam-

ples, it is imperative to develop a versatile derivatization approach

adaptable to diverse analytical platforms. Reportedly, the amino

group in chiral AAs is highly reactive and readily interacts with

most derivatization reagents, forming secondary or tertiary amines

[26–28]. Protonation at the amino moiety will generate a stere-

ogenic tertiary or quaternary amine [29], thereby complicating the

analysis of chiral AAs. The urea structure (-NH–CO–NH-) consists

of two amino groups (-NH-) and one carbonyl group (C=O). The

amino groups (-NH-) of urea structure adjacent to the benzene ring

forms a rigid plane due to π-π interactions [30]. As a result, the

secondary amine in the urea structure avoids protonation [31] and

instead interacts with anionic groups, forming stabilizing hydrogen

bonds [32]. Moreover, both theoretical and experimental analyses

show that the introduction of rigid structure creates distinct host-

guest interactions, thereby significantly improving chiral separation

performance [33–35]. The chiral methylbenzyl isocyanate (MBIC)

readily forms rigid urea structures with amino-containing analytes

[36], such as citalopram [37], salbutamol [38], epinephrine [39],

and terbutaline [40]. Inspired by this, MBIC chiral can be designed

as candidate derivatization reagents to produce labeled chiral AAs

containing a rigid urea-based structure.

In this work, we conducted the first study on the reaction be-

tween chiral MBIC and chiral AAs, resulting in labeled AAs. The

labeled l-AAs allowed the carboxyl group to form intramolecular

hydrogen bonds with the amino group within the rigid urea-based

structure, whereas the labeled d-AAs were unable to form such

bonds. Due to their structural differences, the energy, molecular

size, and logP of the labeled AAs varied. Quantitative analysis of

chiral AAs in biological samples has been achieved using ultra-

performance liquid chromatography-tandem mass spectrometry

(UPLC-MS). Additionally, the distribution of chiral AAs in mouse

brain tissue has been studied using matrix-assisted laser desorp-

tion/ionization trapped ion mobility spectrometry mass spectrom-

etry imaging (MALDI-TIMS-MSI). Preliminary results suggest our

method might offer certain improvements in chiral analysis.

The reaction between chiral MBIC and chiral AAs, alanine

(Ala), valine (Val), isoleucine (Ile), proline (Pro), methionine (Met),

phenylalanine (Phe), tyrosine (Tyr), cysteine (Cys), serine (Ser),

threonine (Thr), aspartic acid (Asp), asparagine (Asn), glutamic

acid (Glu), glutamine (Gln), tryptophan (Trp), lysine (Lys), arginine

(Arg), and histidine (His) has been studied. The derivatization re-

action method was illustrated in Fig. 1a and detailed in Supporting

information. The amino group reacted with the isocyanate group

to form a peptide bond, leading to the conversion of AA enan-

tiomers into non-enantiomers. The mass spectrum of the labeled

AAs suggests that the derivatization reaction of the isocyanate was

successfully carried out, as illustrated in Fig. 1b. For example, the

product of the reaction between chiral MBIC and chiral Ala was re-

ferred to as labeled Ala, with a molecular weight of 235.11±0.01.

Similarly, the product of chiral MBIC and chiral Tyr, known as la-

beled Tyr, has a molecular weight of 327.13±0.01. It has been con-

firmed that the reaction between MBIC and AAs could produce

new labeled AAs, it was also essential to identify the reaction sites

on the AAs. The determination of daughter ions was an important

method for analyzing the structure of compounds using MS. The

precursor ions and daughter ions of the labeled chiral AAs were

listed in Table S1 (Supporting information). The molecular weight

of the daughter ions obtained from the labeled chiral AAs matches

that of the chiral AAs. For example, the daughter ions of labeled

Ala have molecular weights of 88.04±0.01, corresponding to the

molecular weights of Ala. Similarly, the daughter ions of labeled

Tyr have molecular weights of 180.07±0.01, corresponding to ty-

rosine. This result indicated that the fragmentation site of the la-

beled AAs was the amide bond, also confirming that the reaction

site of the AAs with MBIC is the amino group.

Fig. 1. (a) Chemical reaction diagram of chiral MBIC and chiral AAs. (b) Mass spec-

trum of the compound of MBIC and AAs.

To maximize chemical labeling efficiency, the reaction condi-

tions, such as the molar ratio of MBIC to AAs, the pH of the re-

action solution, reaction temperature, reaction time were system-

atically optimized using ESI-MS/MS. The optimal MS intensity of

the labeled AAs were obtained under specific experimental condi-

tions (Fig. S1 in Supporting information). The derivatization reac-

tion was carried out at a molar ratio of 2:1 (MBIC:AAs) in a solu-

tion with pH 10.5, under conditions of 40 °C for 60min. The label-

ing efficiencies of 19 kinds of AAs were examined under the op-

timized conditions. The calculated labeling efficiencies toward AAs

were evaluated by comparing the MS intensity of AAs before and

after the labeling reaction (Fig. S2 in Supporting information). And

the efficiencies of chemical labeling were over 95%, demonstrating

that the MBIC-based labeling strategy is appropriate for AAs anal-

ysis. The stability of chiral MBIC labeled AAs solutions under vari-

ous storage conditions was investigated using ESI-MS/MS. Solutions

of R-MBIC labeled l-Ala, R-MBIC labeled d-Ala, S-MBIC labeled l-

Ala, and S-MBIC labeled d-Ala, each at a concentration of 10.0 μg/L,

were stored at 25, 4, −20, and −80 °C, respectively. As illustrated in

Fig. S3 (Supporting information), the MS intensity of MBIC labeled

Ala at m/z=235.11±0.01 was utilized to evaluate the stability of

the labeled chiral AAs. The results demonstrated that chiral MBIC

labeled AAs remained stable for 16h at 25 °C, 4 days at 4 °C, and
up to 4 months at −20 °C and −80 °C.

The physicochemical properties of labeled chiral AAs was vi-

tal for understanding the derivatization reaction mechanism. Gaus-

sian09 quantum chemistry packages were used for quantitative

calculation of chiral MBIC labeled AA enantiomer pairs. The DFT

was chosen to optimize the ground state geometries by B3LYP

basis set in the 6–311G(d,p) level. The optimal geometries of la-

beled AA enantiomer pairs were detailed in Fig. S4 (Supporting

information). After AA enantiomer pairs were labeled with chiral

MBIC, the resulting diastereomers form a rigid urea-based struc-

ture (NH–CO–NH), which could fix the molecular geometry. For R-

MBIC or S-MBIC labeled l-AAs, the amino group on the rigid urea-

based structure connected to the chiral carbon atom could form

an intramolecular hydrogen bond with the carboxyl group. Such as,

the intramolecular hydrogen bond length for R-MBIC labeled l-Ala

was 2.12 Å, and for S-MBIC labeled l-Ala, it was also 2.12 Å. While
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Fig. 2. UPLC chromatograms of R-MBIC and S-MBIC labeled (a) chiral Ala and (b) chiral Tyr. (c) The UPLC-MS resolution factors of AA enantiomer pairs labeled with R-MBIC

and S-MBIC.

neither R-MBIC nor S-MBIC labeled d-AAs form intramolecular hy-

drogen bonds. Analyzing the structural features of labeled analytes

is essential to elucidate how derivatization governs chiral separa-

tion, as the analytical techniques measures labeled analytes.

Further, quantum chemical calculation methods could be uti-

lized to simulate the reaction process, calculate the energies of

the reactants and products, and assess the stability of various reac-

tion pathways. The reactions between chiral MBIC and each enan-

tiomeric AA were illustrated in Figs. S5 and S6 (Supporting infor-

mation). The Gibbs free energy change (�G) for the formation of

labeled chiral AAs was <0, and the �G for the formation of la-

beled l-AAs was less than that for the formation of labeled d-

AAs. For example, the �G for the formation of R-MBIC labeled

l-Ala was −8.68 kcal/mol, while for R-MBIC labeled d-Ala it was

−4.53 kcal/mol; similarly, the �G for the formation of S-MBIC la-

beled l-Ala was −12.4 kcal/mol, while for S-MBIC labeled d-Ala it

was −8.05 kcal/mol. This indicated that the intramolecular hydro-

gen bonds formed in R/S-MBIC labeled l-AAs result in lower �G

and more stable products, whereas the absence of such hydrogen

bonds in R/S-MBIC labeled d-AAs leads to higher �G and less sta-

ble products. This understanding provides theoretical guidance for

developing and optimizing chiral separation analytical methods.

Through theoretical calculations, the differences between la-

beled d-AAs and labeled l-AAs in terms of molecular structure

and �G may potentially be utilized for their separation. The chro-

matography separation effects were investigated by UPLC-MS for

chiral MBIC labeled chiral AAs complexes. The good chiral separa-

tion result of R-MBIC and S-MBIC labeled 19 pairs of AAs enan-

tiomers were obtained on C18 column as shown in Fig. S7 (Sup-

porting information). R-MBIC labeled l-AAs elute before R-MBIC

labeled d-AAs, S-MBIC labeled l-AAs elute after S-MBIC labeled

d-AAs. For example, the retention time for R-MBIC labeled l-Ala

was 8.50min, for R-MBIC labeled d-Ala was 9.14min, for S-MBIC

labeled l-Ala was 8.49min, and for S-MBIC labeled d-Ala was

9.13min. This consistent separation phenomenon has motivated us

to investigate the reasons behind the UPLC-MS separation of chiral

MBIC labeled AAs enantiomers.

To gain a deeper understanding of the chromatographic sepa-

ration mechanism of chiral MBIC labeled AAs enantiomers, their

molecular structure and partition coefficient (logP) were analyzed.

Representative enantioseparation chromatograms of chiral MBIC la-

beled Ala and Tyr enantiomers were shown in Figs. 2a and b. As

mentioned earlier, l-AAs can form intramolecular hydrogen bonds,

whereas d-AAs were unable to form these bonds. Contributing to

the �G for the formation of labeled l-AAs was lower than that for

the formation of labeled d-AAs. These structural differences lead to

variations in logP values. Labeled chiral AAs with lower logP val-

ues exhibited weaker retention on a C18 column and eluted faster

in UPLC-MS. For example, R-MBIC labeled l-Tyr eluted earlier than

R-MBIC labeled d-Tyr, with logP values of 1.390 and 1.392, respec-

tively. Similarly, S-MBIC labeled d-Tyr eluted earlier than S-MBIC

labeled l-Tyr, with logP values of 1.393 and 2.453, respectively.

The resolution factors (RC) obtained from these well-resolved chro-

matographic separation curves were presented in Fig. 2c. RCR and

RCS represent the RC of AA enantiomer pairs labeled with R-MBIC

and S-MBIC, respectively. Both RCR and RCS were greater than or

equal to 0.9, demonstrating that the labeled AA enantiomer pairs

could be effectively separated by UPLC-MS.

The mobility separation effects were investigated by MALDI-

TIMS-MS for enantiomer complexes. To validate the analytical ca-

pability of MALDI-TIMS-MS for labeled chiral AAs, R-MBIC labeled

l-Ala was used as a representative. The mass spectrum of R-

MBIC labeled l-Ala obtained by MALDI-TIMS-MS was shown in

Fig. S8a (Supporting information). The ion mobilograms for m/z

235.11±0.01 was created by plotting 1/K0 (inverse reduced mobil-

ity, hereafter referred to as "mobility") against intensity (Fig. S8b in

Supporting information). This indicated that MALDI-TIMS-MS has

significant potential for separating labeled chiral AAs. All R-MBIC

and S-MBIC labeled 19 pairs of chiral AAs were investigated, and

extracted ion mobilograms of R-MBIC and S-MBIC labeled chiral

AAs were presented in Fig. S9 (Supporting information). The suc-

cessful separation of 19 pairs of AA enantiomers labeled with R/S-

MBIC were achieved. Interestingly, MALDI-TIMS-MS consistently

separated these 19 pairs of chiral AAs in a distinct pattern: for R-

MBIC labeled enantiomers, the 1/K0 of l-AAs were greater than d-

AAs, whereas for S-MBIC labeled enantiomers, l-AAs were lower

than d-AAs. This consistent separation phenomenon has prompted

us to investigate the underlying mechanisms of MALDI-TIMS-MS in

the separation of chiral MBIC labeled AA enantiomers.

To better understand the separation mechanisms of chiral MBIC

labeled AA enantiomers using MALDI-TIMS-MS, their molecular

structure, energy, and collision cross section (CCS) were examined.

As previously discussed, the �G for the formation of chiral MBIC

labeled l-AAs was lower than that of chiral MBIC-labeled d-AAs

due to the formation of intramolecular hydrogen bonds. The pres-

ence or absence of these intramolecular hydrogen bonds might be

a contributing factor to the ability of MALDI-TIMS-MS to effectively

separate chiral AAs. The process of separating ions using MALDI-

TIMS-MS was based on the differences in their CCS values [41]. The

comparison of the calculated CCScal and CCSexp for R-MBIC and S-

MBIC labeled chiral AAs was presented in Tables S2 and S3 (Sup-

porting information). It was found that the calculated CCS (CCScal)

closely matched the experimentally determined CCS (CCSexp), with

a relative error of <4.7%.

Representative TIMS differentiation of chiral MBIC labeled

Asp, Asn, Glu and Gln enantiomers were shown in Fig. 3. R-

MBIC-labeled l-Asp exhibited larger CCS values (CCScal =276.8

Å2, CCSexp =273.9 Å2) and higher mobility than its d-enantiomer

(CCScal =200.7 Å2, CCSexp =205.0 Å2). Conversely, S-MBIC-labeled

l-Glu showed smaller CCS values (CCScal =194.7 Å2, CCSexp =198.4

Å2) compared to d-Glu (CCScal =243.4 Å2, CCSexp =242.6 Å2).

The likely explanation was that chiral MBIC-labeled AAs form a
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Fig. 3. Representative TIMS differentiation of chiral MBIC labeled Asp, Asn, Glu and Gln enantiomers.

rigid urea-based structure, where the l-AA derivatives exhibit in-

tramolecular hydrogen bonding, while the d-AA derivatives do not.

This structural difference resulted in variations in CCS, enabling

MALDI-TIMS-MS to effectively distinguish between the labeled chi-

ral AA pairs. To quantify separation efficiency, the extraction ion

mobilograms peaks and peak resolution of labeled chiral AA pairs

are defined as RT. The RT of resolved R-MBIC and S-MBIC labeled

19 chiral AA pairs were all greater than 0.6 (Fig. S10 in Supporting

information), indicating that the labeled AA enantiomer pairs can

be effectively separated by MALDI-TIMS-MS.

Our research indicated that the more stable the molecular

structure of chiral MBIC labeled l-AAs, the smaller the �G. This

�G further causes differences in the logP or CCS of chiral MBIC

labeled AAs, leading to distinguishable patterns in UPLC-MS and

MALDI-TIMS-MS. The chiral MBIC labeled AAs of molecular weight,

differences in �G (��G, the absolute value of �G of l-AA mi-

nus �G of d-AA), differences in logP (�logP, the absolute value

of logP of l-AA minus logP of d-AA), differences in CCS(�CCS,

the absolute value of CCS of l-AA minus CCS of d-AA), RC, and

RT were listed in Table S4 (Supporting information). The Pearson

correlation coefficient (PCC) was calculated to analyze the corre-

lation between these parameters (Fig. S11 in Supporting informa-

tion) [42]. The result revealed that RC exhibited well correlation to

��G (PCC of R-MBIC labeled AA pairs=0.72, PCC of S-MBIC la-

beled AA pairs=0.80, p-value of R-MBIC and S-MBIC labeled AA

pairs ≤ 0.052). The greater the ��G caused by structural differ-

ences, the greater the RC. Interestingly, this phenomenon mirrored

the founding from UPLC-MS, where the energy of labeled l-AA

was lower than that of labeled d-AA, resulting in distinct retention

times on the C18 column. For R-MBIC labeled chiral AAs, RT ex-

hibited well correlation to �CCS (PCC=0.68, p-value ≤ 0.052). The

greater the �CCS caused by structural differences, the greater the

RT. This was similarly observed in MALDI-TIMS-MS results, where

the CCS of R-MBIC labeled l-AA was higher than that of labeled d-

AA, leading to variations in their mobility. Another fascinating dis-

covery was the moderate correlation between |�logP| differences

and RT (PCC of R-MBIC labeled AA pairs=0.50, PCC of S-MBIC la-

beled AA pairs=0.51, p-value of R-MBIC and S-MBIC labeled AA

pairs ≤ 0.052). This suggested that greater |�logP| due to struc-

tural differences results in higher RT. This insight implies that re-

searchers could potentially leverage differences in logP values to

achieve the separation of chiral compounds using MALDI-TIMS-MS.

After confirming the separation efficiency of AA enantiomers,

the separation application was investigated. Determining the enan-

tiomeric excess (ee) of chiral mixtures ensures drug efficacy and

safety, reaction selectivity, quality control, regulatory compliance,

and environmental impact assessment. To probe the application of

chiral MBIC labeling strategy in determination of ee, UPLC-MS and

MALDI-TIMS-MS were used to measure a series of mixtures con-

sisting of different percentages of AA enantiomers. The trends of

the peak area or intensity of the mixture versus the percentages of

l-AAs and d-AAs were plotted in Figs. S12 and S13 (Supporting in-

formation), respectively. Linear-regression analysis shows that the

peak area or intensity were linearly related to the percentages of

the enantiomers in the mixture. It is easy to calculate the per-

centage of each enantiomer in a mixture based on the UPLC-MS

peak areas or MALDI-TIMS-MS intensity, and from these percent-

ages, the ee can be determined [43]. The determination of the ee

value is the basis for the qualitative and quantitative analysis of

chiral compounds in a mixture.

Upon definite that the MBIC labeling method could determine

ee values, a study was initiated to quantitatively analyze chi-

ral AAs using UPLC-MS. The UPLC-MS detection method of chi-

ral AAs were detailed in Supporting information. The calibration

equations, linear ranges and limits of detection (LODs, S/N≥3)

of the UPLC-MS method were listed in Table S5 (Supporting in-

formation). The UPLC-MS method showed good linearity in the

range of 0.22–27.4 μg/L with a correlation coefficient (R2) higher

than 0.9885. The LODs for the 8 pairs of AA enantiomers were

in the range of 0.06–0.11μg/L. Compared to other UPLC-MS meth-

ods for chiral AA analysis (Table S6 in Supporting information), the

MBIC derivatization-based approach achieves simultaneous resolu-

tion of 19 enantiomeric pairs within 30min using only a C18 col-

umn, while demonstrating superior LOD. The applicability of the

established UPLC-MS method for the detection of complex sam-

ples were further evaluated. All human serum samples were pro-

vided by Shenzhen Second People’s Hospital, the use of human

serum samples were approved by the category of RGC projects in

Hong Kong. The concentration of chiral AAs in human serum were

shown in Tables S7 and S8 (Supporting information). The recov-

eries of the UPLC-MS method for chiral AAs were in the range of

74.5 %−115.4%. The UPLC-MS method based on MBIC labeling can

measure the differences in the concentrations of 8 kinds of l-AAs

(l-Ala, l-Val, l-Leu, l-Ile, l-Pro, l-Cys, l-Thr and l-Gln) and d-AAs

(d-Leu, d-Ile, d-Cys, d-Gln) in the serum of healthy human and

Parkinson’s patients. Fig. 4a shown that l-Ile and d-Cys were not

detected in the serum samples of Parkinson’s patients. d-Leu and

d-Ile were not detected in the serum samples of healthy individu-

als. This finding was consistent with previously reported evidence

that researchers investigating Parkinson’s disease model mice [44].

Additionally, the concentration of l-Val in these patients’ serum

samples was significantly lower than that in healthy individuals.

This result was insufficient to establish robust biological explana-

tions due to the limited dataset size, but our method provided a

novel approach for clinical research on AA-based disease biomark-

ers.

4



Y. Zhong, P. Xie, C. Xie et al. Chinese Chemical Letters 37 (2026) 112039

Fig. 4. (a) Heat map of the concentration of endogenous chiral AAs determined by UPLC-MS, "-" indicates not detected. (b) MALDI-TIMS-MSI of endogenous chiral AAs in a

mouse brain tissue section.

The detection of chiral AAs in the brain was essential for un-

covering neurotransmission mechanisms, diagnosing and monitor-

ing neurological diseases, developing targeted therapies, advanc-

ing neuroscience research, and supporting personalized medicine

[45,46]. In this study, the mice brains were used as a biological

model to explore application of the chiral MBIC labeling combined

with MALDI-TIMS-MSI method for detection of chiral AAs in the

brain. The sample preparation methods, data acquisition methods,

and data analysis methods for MALDI-TIMS-MSI were described in

Supporting information. All mice experiments were approved by

the Animal Ethics Committee of Fuzhou University, the approval

number is 2024-SG-001. The extracted ion mobilograms of all ob-

served R/S-MBIC labeled AAs in brain extracts were presented in

Fig. S14 (Supporting information). The CCS of R/S-MBIC labeled chi-

ral AAs were calculated using Gaussian View. Ion structure can be

determined by comparing the CCScal values to those generated by a

computational model. For example, R-MBIC labeled Ala exhibited a

peak at m/z 235.11±0.01 in the mass spectrum of mouse brain ex-

tracts. In the extracted ion mobilograms of m/z=235.11±0.01, two

peaks were observed. And the CCSexp of these two peaks are very

close to the CCScal of R-MBIC labeled l-Ala and R-MBIC labeled d-

Ala. A total of 24 kinds of chiral AAs were detected in mouse brain

extracts.

Based on the MBIC-enabled chiral separation ability exhib-

ited in tissue extracts, the separation ability of MBIC derivatiza-

tion in tissue sections by MALDI-TIMS-MSI were further investi-

gated. Regarding the sample preparation for MALDI-MSI analysis,

the concentrations and solvent composition of the N-(1-naphthyl)

ethylenediamine dihydrochloride (NEDC) matrix was necessary for

the acquisition of high-quality MSI results. Reportedly NEDC can

form relatively uniform crystals (that is ideal for consistent MALDI

results) on tissues when using a solvent system of MeOH:H2O

(v:v=7:3) [47]. The concentration optimization results for the

NEDC matrix are presented in Table S9 (Supporting information).

When the concentration of the NEDC matrix was tested at 5,

6, 7, 8, and 9mg/mL, the number of detectable AA species was

8, 8, 8, 16, and 9, respectively. Therefore, 8mg/mL was selected

as the optimal NEDC concentration for maximizing AAs cover-

age. Fig. 4b presented the extracted ion mobilograms of all ob-

served chiral MBIC labeled chiral AAs in the mice brain. The dis-

tribution of 24 chiral AAs was observed in the mouse brain using

MALDI-TIMS-MSI. This result was consistent with the types of chi-

ral AAs that could be detected in mouse brain extracts. Our pre-

vious MALDI-TIMS-MSI methodology was limited to detecting 11

chiral AAs in mouse brain tissue [22]. In contrast, the current MBIC

derivatization-based approach enables comprehensive detection of

24 chiral AA species. The method based on rigid urea-based struc-

ture for distinguishing chiral AAs could be used to observe the spa-

tial distribution of chiral compounds in tissues.

In conclusion, we conducted the first study on the impact of

rigid urea-based structures in chiral compounds on chiral separa-

tion. Labeled l-AAs allowed the carboxyl group to form intramolec-

ular hydrogen bonds with the amino group in the rigid urea-

based structure, whereas labeled d-AAs were unable to form such

bonds. These structural differences led to distinct chromatographic

and ion mobility separation of the labeled AA pairs. The UPLC-

MS method utilizing MBIC labeling enabled the quantitative de-

tection of 12 chiral AAs in the serum of both healthy individu-

als and Parkinson’s disease patients. Using MBIC labeling combined

with MALDI-TIMS-MSI, the distribution of 24 chiral AAs has been

successfully visualized in the mouse brain. Due to limited sample

availability, the biological explanation of this study requires fur-

ther validation. Given the urgency of chiral separation, the deriva-

tization method developed in this work, which combines UPLC-MS

with MALDI-TIMS-MSI, establishes a robust analytical method for

forthcoming chiral metabolomics research.
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