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Protein N-terminus reflects the information of protein stability, subcellular localization,
translational initiation sites, and endogenous protease cleavage sites. Mass spectrometry-
based proteomics plays an essential role in large-scale protein identification and
quantification. Under a global proteome background, identification of protein N-terminus,
which is low abundant and diverse in post-translational modification, is the major challenge
of N-terminal proteomics called N-terminomics. The existing methods to enrich protein N-
terminal peptides require complex chemical derivatization with undesired side reactions,
huge sample loss, and long analysis time, limiting the applications to high-throughput
analysis and precious biological samples. Therefore, developing highly efficient and
parallelizable approaches to enrich N-terminome is required for studying limited biological
samples. A method for in-depth N-terminome profiling was established by the utilization of
a unique protease and ion exchange chromatography prior to nanoLC/MS/MS. In addition,
a proof-of-concept study to evaluate the identifiability and quantifiability of the developed
method for N-terminomics was conducted on the time-course biological process of cell
differentiation (Chapter 1).

To achieve a deeper proteomic profiling, an additional dimension of separation prior to mass
spectrometry analysis is one of the common solutions. Trapped ion mobility spectrometry
(TIMS) has been considered as an effective pre-separation in MS-based proteomics.
Peptides are separated in drift tube based on the collision cross-section (CCS) in the gas
phase. Building a comprehensive CCS prediction model for peptides will allow not only the
direct application to improve confidence of MS/MS-based identification but will help better
the current understanding of underlying mechanisms for ion mobility-based separations,
resulting in improving MS/MS-based quantitation by reducing the complexity of peptide
ions prior to tandem mass spectrometry. A semi-empirical approach based on position-
dependent coefficients of the amino acid sequence was applied to establish a Sequence-
Specific Ion mobility Calculator (SSICalc) (Chapter 2).

In Chapter 1, the development of a facile and rapid approach for protein N-terminal peptide
enrichment is described. The approach for protein N-terminal peptide enrichment is
separated from the internal peptides by strong cation exchange chromatography according
to a retention model based on the charge/orientation of peptides. This method consists of
two steps: the first step is to generate a property that enables to discriminate the protein N-
terminal peptides from the internal peptides in a complexed peptide digest. The second one
is to enrich protein N-terminal peptides based on the generated physicochemical properties.
The first step is achieved by employing a new protease, Tryp-N, which cleaves at the N-
terminal side of Arg or Lys. The protein N-terminal peptides, without Arg or Lys; and the
internal peptides, with two basic charges at N-terminus, are generated after Tryp-N digestion
and subsequently separated by strong cation exchange chromatography (SCX). On average,
1,550 acetylated and 200 unmodified protein N-terminal peptides from 20 pug of Tryp-N-
digested HEK293T cell lysate were identified in a single LC/MS/MS analysis with less than
3% contamination of internal peptides. The application of this N-terminomics workflow to
the analysis of proteoform dynamics during adipogenesis in mice was investigated as a
proof-of-concept experiment. Protein N-terminal peptides were enriched by SCX
chromatography from three biological replicates at five time points from preadipocytes (Day




0) to mature adipocytes (Day 8) at a 2-day interval. The enriched N-terminal peptides were
identified and quantitated by LC/MS/MS. The identification number of protein N-terminal
peptides decreased after the differentiation to beige adipocytes. In addition, protein N-
terminome profiles were changed during the cell differentiation.

In Chapter 2, seven proteases such as trypsin, LysargiNase, Lys-C, Lys-N, Glu-C, Asp-N
and chymotrypsin were used to digest HeLa cell lysates and the peptides were analyzed by
SCX/RP-LC/TIMS/Q/TOF. There were 14,482, 86,268, 27,463 and 5,733 peptides
belonging to the 1+, 2+, 3+ and 4+ populations, respectively. Following the previously
reported modeling approaches using intrinsic size parameters (ISP), we extended this
methodology to encode the position of individual residues within a peptide sequence. A
generalized prediction model was built by dividing the dataset into 8 groups (four charges
for both tryptic/non-tryptic peptides). Position dependent ISPs were independently
optimized for the eight subsets of peptides, resulting in prediction accuracy of ~0.981 for
the entire population of peptides. We find that ion mobility is strongly affected by the
peptide’s ability to solvate the positively charged sites. Internal positioning of polar residues
and proline leads to decreased CCS values as they improve charge solvation; conversely,
this ability decreases with increasing peptide charge due to electrostatic repulsion.
Furthermore, higher helical propensity and peptide hydrophobicity result in preferential
formation of extended structures with higher than predicted CCS values. Finally,
acidic/basic residues exhibit position dependent ISP behaviour consistent with electrostatic
interaction with the peptide macro-dipole, which affects the peptide helicity.

In this thesis, a novel N-terminomics technology as well as a prediction model for peptide
CCS values were developed. These would be useful to expand the potential of nano-scale
LC/MS/MS-based proteomics.
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