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Abstract: Metabolomics aims to systematically profile various small molecules (i.e.,
metabolites and lipids) in biological samples. Compared with genomics, transcriptomics
and proteomics, metabolomics locates in the downstream of omics technologies, which
links genotype with phenotype. Metabolomics is an important part of system biology. It
has been widely applied to discover diagnostic biomarkers and understand disease patho-
genesis. Due to the high structure diversity and numerous isomers of metabolites and
lipids, high-accuracy and high-coverage analysis of complex biological samples remain
the bottleneck for comprehensive metabolomics analysis. Recently, ion mobility-mass

spectrometry (IM-MS) has emerged as a promising technology for metabolomics. Ion
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mobility is a separation technology for gas phase. The multiple collisions between ions
and neutral buffer gas under the influence of an electric field in mobility cell were
utilized to rapidly separate ions with different sizes, shapes and charges. Compared with
traditional separation method (i.e., gas phase separation and liquid chromatography
separation) , this method can increase the peak capacity, reduce noisy signals, improve
sensitivity and selectivity., More importantly, the collision cross section (CCS) value
derived from IM-MS is a new physio-chemical property to aid the annotation of chemical
structures of known and unknown metabolites. CCS value is high reproducibility among
different labs and instruments, which is suitable to be standardized for database estab-
lishment and wide application on metabolomics analysis. Therefore, it is important to
ensure the accurate CCS measurement and develop high coverage CCS database for
metabolomics. There are three major types of commercially available ion mobility-mass
spectrometers, including time-dispersive, spatial-dispersive, and confinement and selec-
tive release. Due to different instrument design, the CCS value calculation and calibra-
tion methods are different. It is necessary to use the appropriate calibration solutions
and methods for CCS measurement. Recently, CCS databases for small molecules have
been established, which can be classified as two types of experimental measurement and
in silico curation. Metabolite standard was usually used to acquire the accurate experi-
mental CCS values. However, the number of available metabolite standards limits the
coverage of CCS database. Instead., with the progress of theoretical calculation and
machine learning, CCS values significantly expand the coverage of CCS database in silico
curation, which are also accurate enough for metabolites identification. In this review,
the basic principles of commercial IM-MS instruments that commonly used for metabolo-
mics were introduced. Then, the experimental measurement and calibration of CCS
values for different IM-MS instruments were summarized. The available CCS databases
used for metabolomics were demonstrated. Finally, the applications of CCS values to
support metabolomics were discussed.

Key words: ion mobility-mass spectrometry (IM-MS); collision cross section (CCS);

metabolomics; metabolite annotation
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Fig. 1 Schematic illustrations of common commercial ion mobility instruments for metabolomics
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Fig.3 Strategies for the curation of CCS databases for metabolites
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Table 2 Experimental CCS databases for small molecules

s g/ LES A F§ A A & wEH CCS % H 2 7% Uk
No. Metabolite type Instrument type Number of metabolite Number of CCS value Reference
1 Ry DTIMS-MS 617 953 [26]

2 R A SR S P DTIMS-MS 459 826 [49]

3 R4 DTIMS-MS 417 1246 [50]

4 Ry DTIMS-MS 1142 3271 [46]

5 R DTIMS-MS, TWIMS-MS 2193 5119 [51]

6 R TWIMS-MS 125 209 [52]

7 R TWIMS-MS 510 942 [45]

8 e iEY] DTIMS-MS 130 135 [53]

9 R DTIMS-MS 380 572 [27]
10 R XACH DTIMS-MS 429 429 [54]
11 eI DTIMS-MS 554 1246 [50]
12 EEAWL iR DTIMS-MS 217 456 [55]

13 BRI DTIMS-MS 879 1454 [25]
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gR2
¥ LA P2 (& =3l A WEH CCs fi%H EEBUN
No. Metabolite type Instrument type Number of metabolite ~ Number of CCS value  Reference
14 e A DTIMS-MS 47 400 [56]
15 REA Y TWIMS-MS 244 244 [52]
16 fEZ A TWIMS-MS 148 258 [57]
17 IEESAMZiEY] TWIMS-MS 594 504 [19]
18 et TWIMS-MS 300 1080 [47]
19 e L] TIMS-MS 1856 1856 [21]
20 ZIWIR KR DTIMS-MS 275 275 [36]
21 KNG Y DTIMS-MS 500 500 [58]
22 SME MRS Y DTIMS-MS, TWIMS-MS 124 124 [59]
23 EobyE kSR B VR TWIMS-MS 1425 1440 [48]
24 YIRS TWIMS-MS 364 357 [60]
25 HL kR R 1 TIMS-MS 146 343 [42]
*3 ETUHEAUZFEMNF[EIFEMERN CCS HEHIEE
Table 3 CCS databases obtained from computational chemistry and machine-learning methods
Pyt & R L& WEcH CCSfH%H 22 3k
Method Compound type Number of compound Number of CCS value Reference
R R 125 205 [14]
IAWiE7| 718595 2111575 [25]
WL R 35203 176015 [26]
R 336 336 [66]
Jig J5¢ 15646 63434 [27]
B F0 R 2400 - [64]
Ry ~600000 — [65]
I P FIR 5 2004177 13545932 [51]
i 2068 2068 [37]
g 5% 581047 - [63]
BMHNEY 488 635 [67]
2 BILAC 3286 6245 [68]
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T2 RV BEIZ PR S5 F R AT LA A AL - 2R
Je i AR B RN 1 A ECE A TR S
5 A MOBCAL Al Collidoscope % 4 [ & 4
VPRI 1Y S VAL A 1 BE CCS fH.
MOBCAL A $2 {185 52 35 L (PA) RS B B8 3Rk #L

B CEHSS) 3 (TM) 25 3 R & i &
CCS " ; Collidoscope & F Bk i F vk A
HLAF AT S AR A B 2 80, 11 55 )
2k 0% Paglia 20 £ w1 fff F§ MOBCAL
HWRAARYH CCS I T &4 205 MR
Y CCS {4 M B4 2. 2019 4F, Colby %1
P TR AR MOBCAL .0 36 Ak 2 i
5% (ISICLE) , & 1T LA F b 2% 1 50 75 76 =
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