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Vitamin D is a secosteroid that regulates the absorption of A L _ N B sn o2 T 13 _Eni O, . C 13C._-24 25 Dihvdroxwvitamin D3 vs13C.-1. 25-Dihvdroxwvitamin D3 [ [N this research, we investigated several IM-MS strategies
calcium and phosphate in the body. It also plays roles in 25-Hydroxyvitamin D3+VS Epi-25-Hydroxyvitamin D3 Cs-25 HydrOXW't?I\TJ'rrII\ID%VS /C54E|8' ;iOHydrOXW'tam'” b2 57 y >a</I+Na]+- 7 4 j 4335 YATOXW for separation of Vitamin D metabolite isomers and
regulating the immune, endocrine, cardiovascular, and - [M+Na]* - m/z 423.323 1 - ¥ aJ* - mz 440. 1 - | isotopologues. First, drift tube IM measurements were
nervous systems. A deficiency in Vitamin D can cause brittle 205.938 A2 910.198 A2 ﬂ ﬂ made wusing an Agient 6560 [IM-QTOF, which
bones or muscle weakness, which can lead to health 203.9 A7 ]| 205.0 A2 | | 208.8 A2 242.9 A2 demonstrated good separation of conformational
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hydroxyvitamin D, and then to 24,25- or 1,25-dihydroxyvitamin | @ CHy g [z o Next, we used SLIM IM, which required optimization of
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© © d Q . 30,000 Hz and 40 V. We used these parameters for the
Vitamin D status in the body.2 Currently, the active form of o rod L o o Y 209.9 A2 10, o 1 e, emainder of the measurements P
250HD (including its epimer) is used for clinical and laboratory . H OH - H OH
testing of total Vitamin D levels. The most common methods o o oH) : : :
used for analysis are immunoassays or chromatographic/mass SEprEaroaiEmin b 13C,-3-epi-25 Hydroxyvitamin D2 13C,-1,25 Dihydroxyvitamin D3 The current SLIM mstrum_ent can op_erate in low-resolution
. 3\ A . ; . ’ o (0.4 m pathlength) and high-resolution (13 m pathlength)
spectrometric methods.® While fast and inexpensive, the main J L*‘ modes. We compared these two and observed that onl
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amongst the isomer pairs and their conformers.

separate the epimers). Therefore, there is a need for more
rapid analytical methods to quickly and accurately identify
different Vitamin D metabolites in complex biosamples.

Figure 3. lon mobility overlay comparison and CCS measurement of several Vitamin D metabolite isomer pairs including: (A) 25-hydroxyvitamin D3 vs. 3-epi-25-hydroxyvitamin D3; (B) 13C5-25-
Hydroxyvitamin D2 vs 13C5-Epi-25-Hydroxyvitamin D2; and (C) 13C5-24,25-Dihydroxyvitamin D3 vs13C5-1,25-Dihydroxyvitamin D3. The results for 250HD3 and epi250HD3 show good
agreement with previous measurements of the same compounds and demonstrate the ability to differentiate isomers.

Finally, isotopic mobility shifts were investigated amongst
different isotopologues in high-resolution mode. As

Frequency Optimization of IM Traveling Wave 13C.-25-Hydroxyvitamin D2 vs 13C5-Epi-25-Hydroxyvitamin D2 13C.-24,25-Dihydroxyvitamin D3 vs'3C.-1,25-Dihydroxyvitamin D3

25-Hydroxyvitamin D3 vs Epi-25-Hydroxyvitamin D3

conditions M+Na]* - m/z 440.340 M+Na]* - m/z 444.335 : . . . :
lon mobility-mass spectrometry (IM-MS) rapidly (ms timescale) 5.00E+07 - [M+Na]* - m/z 423.323 - : ! 1- ” ﬂ] expected, minor shifts in mobility were indeed observed
separates gas-phase ions based on differences in their size, 4.50E+07 n T requeney 2 B4 e 5] 2021 Aﬂ | 2299 A7 D | 001 A2 | a2 A2 208.2 A2 between these isotopologues which were *°Cg- or dg-
. . . — CH, ’ . 3

shape, and charge. Since the shape of an ion can affect its 4.00E+07 - ” Frequency 2.5 E4 Hz O TN NP O = 10 ) A en § 238.8 A2 labeled.

- . . . N H' H”
mobility, this technique can be used to separate isomers or [ > 3.50E+07 Frequency 3 B4 Hz © o > = - Rt - 13G,24.25 Dihydroxyvitamin
isotopologues.* Preliminary work from our group has shown g 3.00E+07 1 T Frequency .5 B4 Hz = 25-Hydroxyvitamin D3 3 1%C5-25 Hydroxyvitamin D2 = D3 Overall, these different IM-MS strategies show promise

. . . . . . . ] —F 4E4H Hy . .. . . .
promise for IM-MS in Vitamin D analysis.5 In this project, | [ @ 250E+07 AR 2 < o ) o 2 0 A o for separation of clinically relevant Vitamin D metabolites.
investigated the separation of various Vitamin D isomers and || £ 200E+07 1 © | e NP S L, or o o
. . . . . . _ . H' +—J HaC
isotopologues using different IM-MS instruments including a 1‘28?33 = o, o 8 |208.2 A2 “Cy3-epi-25 Hydroxyvitamin 02 5 15C.1.25 Dihydroxyvitamin D3
low-resolution drift tube and a high-resolution Structures for U [0 3-Epi-25-Hydroxyvitamin D3g v [ 318.2 A Referen CeS

: , : 5.00E+06 - nd 0

Lossless lon Manipulations (SLIM)-based traveling wave 00400 A N A ey SR
Instrument. TWIMS was done in a short path and long path to PO S 150 200 250 300 350 400 150 200 250 300 350 400
- - ° - N % CCS (R?) CCS (A2 1. Sizar, O., et al. StatPearls; 2023
increase resolution of the measurements. (A9) . Slzar, O, et al. StatPearls; :

Arrival Time (ms)

N

Kaufmann, M., et al. J Clin Endocrinol Metab 2014, 99

13C.-25-Hydroxyvitamin D2 vs 13C.-Epi-25-Hydroxyvitamin D2
- = (7), 25672574,

[M+Na]* - m/z 440.340

13C.-24,25-Dihydroxyvitamin D3 vs3C.-1,25-Dihydroxyvitamin D3
[M+Na]* - m/z 444.335

Amplitude Optimization of IM Traveling Wave conditions

EX p erimen tal M et h O d S 4.50E+07 - At Frequency 30,000 Hz > HydroxyVIt[al\r/IanI;)ﬁ\isnlqilgl jg;gg;oxywtamm o3 01) % ﬂ o) o oHy . qj O 7 o || 3. Macova, L., et al. Nutrients 2021, 13 (6), 1758.

4.00E+07 - " — Amplitude 30 V 17 o )L Q| 205.5A2 209 5 A2 cH, Q (o 4. Dodds, J., et al. J. Am. Soc. Mass Spectrom 2019, 30
3.50E+07 - ——Amplitude 35 V 21 oasie N o045 a2 i o 3C5-25 Hydroxyvitamin 2§ © | 208.8 A2 || 209.3 A2 13C5-24.25 Dihydr"?HZVC':am'” b3 (11), 2185-2195

Preparation of Vitamin D Metabolites 2 3.00E+07 - — Amplitude 40 V 2 | | 25-Hydroxyvitamin D3 S MU 5 - . 5. Chouinard, C.D., et al. J. Am. Soc. Mass Spectrom

Solutions were prepared by combining Vitamin D metabolites (10 2 2.50E+07 | — Amplitude 45 V f'c-’» ol e < . Rav < ) CHQ 2017, 28 (8), 1497-1505

ug/mL), individually or as mixtures in 50% (viv) aqueous | |2 2.00e+07 - < i 0 3Cs3-epi-25 Hydroxyvitamin D2 § - @ o125 By gapitanin 0 6. Kurulugama, R. Agilent Technical Overview. 2013.

methanol. The molecules used consisted of: = 150E+07 - = 3-Epi-25-Hydroxyvitamin D3} = T 7. Mobilion systems (accessed July 25, 2023)

« 25 Hydroxyvitamin D2 and (*3C;) isotopologue 1 00E+07 - % /\ E) 2

« 25 Hydroxyvitamin D3 and (*3C;) isotopologue 5.00E+06 - 14 4 A2 233.1 A

« 3-epi-25 Hydroxyvitamin D2 and (*3C;) isotopologue 0.00E+00 tmtrmeded S e e tae e 8 | /)N [ -y e Jv . J N

10 15 20 25 30 35 40 45
Arrival Time (ms)

« 3-epi-25 Hydroxyvitamin D3 and (3C;) isotopologue
« 1,25 Dihydroxyvitamin D3 and (13C;) isotopologue
24R, 25 Dihydroxyvitamin D3 with d6 and (13C;) isotopologues

190 200 210 CCSZZ((,)&Z) 230 240 ACknOWIedgementS

Figure 5. Overlay comparison and CCS
measurement of 25-hydroxyvitamin D3 vs. 3-epi-25-
hydroxyvitamin D3 under IM and HRIM conditions

Figure 6. Overlay comparison and CCS measurement
of 13C.-25-Hydroxyvitamin D2 vs 13C.-Epi-25-
Hydroxyvitamin D2 under IM and HRIM conditions

Figure 7. Overlay comparison and CCS measurement
of 13C.-24,25-Dihydroxyvitamin D3 vs'3C.-1,25-
Dihydroxyvitamin D3 under IM and HRIM conditions

Figure 4. Optimization of traveling wave conditions in the MOBILion TW Slim
system. Frequency and amplitude were adjusted to determine the best
conditions for high signal intensity and good separation
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Data Processing
All data was visualized using Agilent MassHunter
IM-MS Browser 10.0. Data was smoothed and
drift spectra were converted to CCS values with
the PNNL PreProcessor. SLIM HRIM data was
manually fitted to gaussian peaks.
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Figure 1. Schematic of the Agilent 6560 IM-QTOF instrument used.®
The instrument contains a 78 cm drift tube maintained at 4 Torr nitrogen
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Figure 2. Schemats of the MOBILion TW-SLIM system” This [ Figure 8. Comparison of isotopologues of Vitamin D metabolites which includes: (A)**Cq-24,25 Dihydroxyvitamin D3 vs d6-24,25-Dihydroxyvitamin D3 vs 24,25-Dihydroxyvitamin D3; (B) 25 3¢ a S I
Hydroxyvitamin D3 vs 33C.-25-Hydroxyvitamin D3; (C) 25-Hydroxyvitamin D2 vs 3C.-25 Hydroxyvitamin D2 MOBILion

instrument features a 13 m SLIM design maintained at 2.5 Torr nitrogen
and 25 °C.
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