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ABSTRACT RESULTS

Purpose: Develop a combined top-down and bottom-up workflow to resolve the stoichiometry and locations of PTMs * Intact Protein Analysis: Stoichiometry of proteoforms, including PTMs, is determined by the intact analysis

Method: The integrated platform of microfluidic capillary electrophoresis-mass spectrometry (CE-MS) allows combined workflow
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Results: CE separation conditions for both peptides and proteins has been optimized, and MS/MS analysis with bottom-up and top- disulfide bonds 55208
down are verified. Beta-casein is tested on this platform with combined approach. 11 proteoforms are able to be resolved through the @ signal peptide  *° |
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intact analysis. The position of natural variants is identified by the bottom-up peptide mapping. High abundance of 5 phosphorylation T™Rs: UniProt
sites are confirmed via the top-down analysis. A comprehensive CE-MS solution is introduced here to resolve the proteins of interest for 80 APhos
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Bottom-up proteomics has been widely used for resolving the sequence of a single protein or components of protein complexes. Bottom- ® 67t"P to H+4Phos Acetyl
up approaches for single protein characterization enables the localization of PTMs via digested peptides; however, the stoichiometry of 3 /«
PTMs are not able to be resolved easily. Top-down approaches have proved to be a better solution for understanding combinatorial PTM 20 V e
profiles. A combined top-down and bottom-up proteomics workflow is a promising solution for comprehensive protein characterization. 0 P

Current analytical strategies mainly rely on liquid chromatography—mass spectrometry (LC-MS) for top-down and bottom-up analysis. Beta-Casein
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However, protein and peptide separation requires different LC platforms; therefore, the combined workflow using LC-MS is usually time 08" 10 12 14 I8 18 20 22 24 26 28 30 3z 34 36 38
consu ming Time (min)
In this study, we introduce a new platform of CE-MS for proteomics research. On this platform, intact proteins and peptides can be
monitored on the same microfluidic CE chip, and top-down and bottom-up analysis can be combined on one platform. Furthermore, CE Protein Name Modification Average Mass (Da) ___Theoretical Mass (Da) Mass Error (ppm) __Relative Abundance RT Range (min)
even provides superior separation efficiency on intact proteoforms. Overall, the 18-min workflow including 3 min for intact, 3 min for top- beta_casein 2Phos 23962.30 23983,02 23.9 100.99 26592872
. . . . . . . . . . . . beta casein 1xP to H, 5Phos 24022.36 24023.04 28.0 48.25 2.533 - 2.707
down, and 8 min for bottom-up is designed to provide comprehensive information for resolving the heterogeneous proteins functioning in .
) ) beta casein 1xH20 loss, 5Phos 23964.58 23965.00 17.7 35.21 2.631 -2.899
the blOlOQICBJ SyStemS' beta casein Acetylation (N-term), 5Phos 24025.50 24025.05 18.6 17.24 2.738 -2.919
beta casein 1xP to H,1xH20 loss, 5Phos 24005.00 24005.02 1.0 13.86 2.631 -2.773
I\/I AT E R IA L S A N D M ET H O DS beta casein 4Phos 23902.62 23903.04 17.3 10.43 2.631 -2.707
beta casein 1xH20 loss,1xminus phosphrylation, 5Phos 23884.62 23885.02 16.6 7.24 2.631 - 2.697
beta casein 1xP to H, 4Phos 23942.94 23943.06 5.0 5.15 2.533 - 2.600
Sample beta casein 1xAcetylation (N-term),1xPto H, 5Phos 24064.43 24065.07 26.8 3.99 2.719 -2.833
. . . . . . . beta casein 1xAcetylation (N-term),1xH20O loss, 5Phos 24007.55 24007.04 21.5 3.60 2.816 - 2.909
15 PRTC peptide mix, digested cytochrome_ c, fish allergens, and hemoglpblns are validated for the CE separation. Cytochrome c, et cacein Phos 72603 73 73605 05 262 066 ) 553 -2.500
carbonic anhydrase, KRAS, and beta-casein are also tested for the combined workflow. _ . . . . . . .
Figure 5. Intact protein analysis is shown with the example of beta-casein. A) Schematic of beta-casein structure with the
Test Method signal peptide, PTMs, and variants. B) CE separation of intact beta-casein C) Identified proteoforms including the information

One CE chip, two sample vials, and three MS methods enable the mass spectrometric analysis in 18 min. ofintact mass, stoichiometry of modifications, and their associated migration times.

Data Analysis * Bottom-up Analysis: Localization of a natural sequence variant is accomplished by the MS2 peptide mapping
The data analysis of intact protein, peptide mapping, and top-down is performed with BioPharma Finder 3.0 software. E
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Figure 1. Schematics of combined top-down and bottom-up workflow. A) Conventional LC-MS workflow requires two LC . Top-down Analysis; Confirmation of 5 phosphorylation sites
platforms. One C4 column for protein separation, and one C18 column for peptide separation. B) New CE-MS workflow only _ _
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requires one CE chip. Intact, top-down, and bottom-up analysis can be integrated into 18-min analysis. A
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Figure 2. The instruments used in this study including ZipChip™ CE system, Q-Exactive™ HF mass spectrometer, and o Summary
BioPharma Finder™ software 3.0 are listed below.
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Figure 3. The peptide separation is demonstrated with the mixture from A) PRTC 15 peptide mixture and B) digested peptides determination, as well as stoichiometry in a single analytical set up without the need of separate LC configurations.
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Figure 4. The separation of proteoforms is demonstrated with A) fish allergen parvalbumins and B) hemoglobins




