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Abstract: Single-cell proteomics (SCP) has emerged as a transformative technique that overcomes
the averaging effects inherent in bulk-cell analyses, enabling high-resolution profiling of protein
expression and post-translational modification (PTM) with single-cell resolution. Human primary
CD8" T cells serve as central effector cells in the human immune response, playing crucial roles in
combating pathogenic infections and mediating immune surveillance. Understanding the proteomic
architecture of human immune cells is crucial for elucidating their diverse functional states, yet
human primary CD8" T cells remain largely unexplored by single-cell proteomics (SCP) due to their
characteristically small cellular size and extremely limited protein content, which collectively pose
significant technical obstacles for high-sensitivity protein identification and PTM detection at the
single-cell level. This study successfully established a robust SCP analytical workflow to characterize
the proteomic landscape of individual human primary CD8" T cells. The workflow first utilized the
CellenONE automated single-cell sorter for gentle and precise cell isolation, and was followed by the
analysis of protein composition and PTM identification using the high-sensitivity timsTOF Ultra 2

mass spectrometer. This SCP approach consistently identified over 2 500 proteins and more than
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16 000 peptides from individual human primary CD8" T cells. Protein abundance across single cells
demonstrate strong reproducibility, with pairwise correlations exceeding 0.77 and a median
coefficient of variation (CV) of 28.61%. Subcellular localization analysis revealed that the identified
proteins are primarily distributed in the cytoplasm (1 186 proteins), nucleus (891 proteins),
mitochondria (261 proteins), and cell membrane (181 proteins), reflecting the diverse functional
compartments within human primary CD8" T cells. Furthermore, PTM profiling identifies 32
phosphorylated, 64 methylated, and 356 acetylated proteins per cell, with acetylation being the most
prevalent modification. These PTM proteins are also mainly localized to the cytoplasm and nucleus.
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGQG) analyses indicated
that the functional categories of proteins in human primary CD8" T cells are predominantly enriched
in ribosomal and immune-related pathways, emphasizing the central role of protein synthesis and
immune regulatory networks in human primary CD8" T cell function. In conclusion, the SCP
workflow developed in this study presents the first high-resolution proteome and PTM atlas of human
primary CD8" T cells, providing a valuable foundation for elucidating complex cellular processes and
guiding future research into disease mechanisms and therapeutic targeting.
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Fig. 1

Workflow of single-cell proteomics analysis and sorting parameters of human primary CD8" T cells
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Fig. 2 Single-cell proteomics profiles the protein characteristics of human primary CD8" T cells
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Fig. 3 Functional enrichment analysis of global proteins and cell membrane proteins



% 6 1

BHEWA . HAHLE R

A2 NJRAR CD8' T 40 i 2 11 1813

SE B A L3R 3 RS 8 i R 1 AT 2
B2 M, 2 BRORER 43 35 B 43 A1 7 40 5T 0 41 i
K, D3 A 8 SOk P F0 20 B, 7R T ] 4be
BE 05 10 A il £ S B 3 B ERIRJS 1B ’fﬁ

HHUAT

GO 73, KB L BEAL A 3 1 2 3%

ETEHEEARRYEY L. %Jm%rét%
2R, o8 T 4c; KEGG i B 5 W, &
Fefb B R 8w AR B | R

a

5 BY RS AH OCE %, R TR 4d. W ILARIE
AT HE A A . mRNA B #4564
YreEad B, o8 T de; WL B 1 32 2w 4R
GEMELLBEARAE S ARG B, 78 T IR 41,
BERR AL 2 1 3 W B T RNA Y408 4% i
REFEY SR, m TR 4g;¢@§ﬂc1@fﬁﬁ%5

EASRTE S

TEBTHEMR . 2%

TEE A F R C REEERZIRG
I AP 26 WLMAC 45 AH S8 B, 7 T4 4he

x10*
3 32 Phosphorylation
31 32 32 32 31 wm Acetylation
4 Methylation
o}
£
53r
=
g8
22
<]
=
1 -
66 65 64 63 65
Cell-1 Cell-2 Cell-3 Cell-4 Cell-5 Cell-6 Cell-7 Cell-S Cell-9 Cell-lO
b Phosphorylation Acetylation Methylation
Cytoplasm 10 Cytoplasm 199 Cytoplasm| 27
Nucleus | 10 Nucleus 135 Nucleus 15
Cell membrane 3 Cell membrane H 17 Cell membrand- 3
Mitochondrion | 1 Mitochondrion ¥ 14 Mitochondrion+ 2
0 5 10 15 0 100 200 0 10 20 30
Protein number Protein number Protein number
N _t I d
Ribonucleoprotein complex biogenesis o 0g,,(p value) Nucleocytoplasmic transport
i i . . —log, (p value)
Translation | ° 25 Coronavirus disease-COVID-19
20
Regulation of translation | ° % 15 Spliceosome I;l
Ribosome biogenesis | ® goggt Amyotrophic lateral sclerosis 7
® 30 . - .
RNA localization le ° 10 Protein processing in endoplasmlc
Reticulum
T T T T . 50
6 8 10 12 0 5 10 15 20
Percentage/% Counts
e , ' f
Protein maturation - q 0g7m(p value) Spliceosome
mRNA splicing, via spliceosome |- ° 6 Systemic lupus erythematosus —log,(p value)
5
Establishment of skin barrier fo % Cytoskeleton in muscle cells 3
Count 5
Cellular response to EGF stimulus fe ® 4 Phagosome
® 6
Positive regulation of RNA splicing te : ? 0 Pertussis
5 10 15 0.0 5.0 10.0
Percentage/% Counts
g h
Regulation of RNA splicing | o | log,(p value) o )
5.0 Gastric acid secretion
Brain development | o %8 —log,,(p value)
7‘ ¥ . . . 45
Cellular response to LIF |« 7%(5) C-type lectin receptor signaling i3
Count pathway 4.1
Response to corticosteroid f« ; %‘5)
. . 10 Vascular smooth muscle contraction
Regulation of DNA metabolic process @45
: : ®5.0
15.0  20.0 0 1 2 3
Percentage/% Counts

{E:a. 101> CD8™ T 4l 43 51 45 % B ) LAk . WAk | B 1 85 13 DR AcEE s b. 3 b B 28 ) M8 W 6 13 D 09 I 240 MM 52 37 15 05 e S Al A8 A
EHM GO 7M7; d. LBEALIEMIE F 19 KEGG 70475 e. W EALEMIEE F ) GO J3#r; £ H B AL IB M 5 F 9 KEGG 20475 g BRI AL I iR
F B GO 73#7; h. B IR (LM 2 F1 ) KEGG 734

& 4

ANE CD8' T 4HREE B R4E B EE R 1S4 AE

Fig. 4 PTM profiles of the proteome in human primary CD8" T cells
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