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Abstract: Recently, different types of ion mobility techniques have sprung up. Com-
bined with mass spectrometry, the utility of ion mobility spectrometry has been
enhanced in metabolomics, natural products, characterization of supramolecular materi-
als, and other research fields. Since small molecule metabolites provide deep insight into
the dynamic phenotypes of biological systems and show potential value in disease diag-
nosis and functional interpretation, in-depth analysis of small molecule metabolites plays
a key role in medicine and pharmacy. The potential benefits of ion mobility spectrometry
used in chiral recognition of amino acids, structural analysis of glycans, and structural

characterization of lipids and steroids have become the specific focus of work. However,
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small molecule metabolites possess a wide variety of chemical properties, ubiquitous
isomerism, and various biological functions, so it is difficult to analyze small molecule
metabolites comprehensively. On the other hand, small molecule metabolites with low
concentrations usually exist in various complex biological matrices, such as plasma,
feces, urine, saliva, sweat, infected tissues or exudates, breath, and breast milk,
which pose additional challenges to researchers. Over the last few decades, ion mobility-
mass spectrometry (IM-MS) has undergone inordinate growth in instrument develop-
ment and performance, which has opened a new door to rapidly analyze small molecular
metabolites in complex biological matrices. Small molecular metabolites and their
isomers can be distinguished and characterized in milliseconds by IM-MS that offer high
selectivity and three-dimensional information about them, including mass-charge ratio,
collision cross section (CCS), and structural information. The collision cross section
can be used as an additional identification basis in targeted and untargeted analyses. In
this paper, the main commercial IM-MS instruments were briefly covered. An overview
of the latest applications in small molecular metabolites was offered. Additionally, the
advantages and shortcomings of IM-MS in the analysis of small molecular metabolites
were discussed. And the future application of particular and unknown metabolites by
IM-MS in the studies on the biological mechanism and precision medicine was prospected.
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Table 1 Information of commonly used ion mobility mass spectrometer

e
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IMS Commercial instrument Year of listing Compatible MS Resolution
of fragment ion
DTIMS IM Q TOF(Agilent) 2014 TOF 60~80 —
TWIMS SYNAPT HDMS(Waters) 2006 TOF 40~50 GIE ¥
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Fig.1 Common commercial instruments of ion mobility spectrometry
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Table 2 Ionization techniques used

in ion mobility-mass spectrometry
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IM-MS Analyte Reference
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ESI TWMS-MS % ik [51]
Nano-ESI TWMS-MS Ng 5 [52]
DESI DTIMS-MS E M [53]
LAESI JIMS-MS AR [54]
MALDI TIMS-MS {55 [55]
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Fig.2 Recognition of chiral amino acid by ion mobility-mass spectrometry
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Table 4 Introduction of metabolite database in recent 5 years
. . . v . CCSyyy Bt CCSpiyy Kl it i
ETRES Bl e AEAry 57l BT % . ) 225 3CHk
Quantity Quantity
No. Database Year IM-MS Reference
of CCSmeasure of CCSealeulate
1 MetCCS 2017 PTCCSy2 779 35203 [109]
2 LipidCCS 2017 PTCCSx2 458 63434 [110]
3 AIICCS 2020 PTCCSy2 5119 11697711 [107]
4 ISiCLE 2019 PTCCSx2 1455 = 100000 [111]
5 DeepCCS 2019 DTCCSyy » ™ CCSn2 — > 2400 [112]
6 Baker. Group 2017 PTCCSxe = 500 — [113]
7 Mclean. Group 2019 PTCCSns 3800 — [114]

* TE :PTCCSxe MV CCSn2 AL DTIMS il TWIMS £ F Z R [ Y CCS

FEFET AR PR Y 2R R P 2 A i
RE I HERA 1
2.4 KEBZ

RIE BEWR 2 5 A Bl ORI 5 9 O A
PRl A R BIL A B R IR A YOG BEAR AR
[ W3R 53 O B T 26 [ o O B o 38 R 0 4
BRI MERCR VAR MM R A 4 R
AR B UL A IR T S R
TR 2 30 48 Bir B oy S0l 2 B A 1K B i A 3t e
BORE 77 A AR ) RT RE -5 IR 23 A AN TR Y
EPERIREYE . R 30 3 B AR I3 AT i i 2
FH L B4 A v i s o PR CCS AT A S 43 4 9 1 51

B ASME it TVEMIS AR 76 2K [8 43 47 o 74 51
PUUZ R kT O A R IR o G 6 L 2
ST K E) CCS (R

SR 2L 04 I O A
FEHE ) 3 3 — 2B 52 A B G 107 B I
PN 55 I R R A 7 ) A
ESI-IM-MS B 43 B IR 58 41 40 5 2 1F
AL 15 BTG I NS 0 1A 5
4, 4 LR 2 2L S 5 B B
AR5 25 5 (p==0.05) , HUIR I s 41 80 o o
R 2 60 AR S P O F 0 55 08 0 41
Fl

4 EFHTENNERBE-EF i E-FRE % R 47 B AR A R b 80 BS B B | AS B B Fn i Egt

Fig.4 Simultaneous analysis of fatty alcohols, fatty aldehydes, and sterols in thyroid tissues

by electrospray ionization-ion mobility-mass spectrometry based on charge derivatization
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