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Introduction Results

Methods

Conclusions
• Excellent protein group and precursor identification rates at

concentration ranges at single to few cell levels simulated with
commercial HeLa protein digest dilutions.

• Comparable and reproducible protein group and peptide
identification rates for injections from autosampler vial and the
label-free proteoCHIP using the nanoElute 2

• Good proteome coverage for single cell samples sorted with a
cellenONE ® system with more than 1400 protein groups
identified per single cell.

• High quantification accuracy at single cell level with high single
cell to single cell reproducibility on protein group level.

Figure 2:
Gradient length versus HeLa peptide load
optimization using HeLa protein digests
(Pierce, Cat. 88328) to prepare dilution
series with concentrations of 0.1, 0.2, 0.5,
1, 2, 5, 10, 20, and 50 ng/μL.
A) representative base peak chromatograms
of 1 ng HeLa peptides on column separated
with a 15 (grey), 30 (blue), and 60 min
(dark blue) ACN gradient; B) protein group
and C) precursor identification rates of HeLa
peptide dilution series of the three different
gradient length. the 60 min ACN gradient
showed best performance for peptide loads
greater 5 ng, the 30 min ACN gradient
performed best for concentration ranges ≤ 5
ng and was used for the analysis of
cellenONE prepared single to few cell
numbers.

▪ Cell number and Type: 20, 10, 5 and 1
HEK 293 and HeLa cells

▪ Sorting, lysis, and protein digested using
the cellenONE® platform (Cellenion)

▪ Tryptic peptide injection from low protein
binding autosampler vials and the label-
free proteoCHIP

▪ Injections onto a 25 cm x 75 µm Aurora
C18 column (IonOpticks) using a
nanoElute 2.

▪ 30 min ACN gradient and eluted into a
timsTOF SCP (Bruker).

▪ Data acquisition in dia-PASEF mode
(data independent acquisition in parallel
accumulation serial fragmentation)

▪ Data analysis with TIMS-DIA-NN

▪ Spectral library generated by DDA from
a deeply fractioned human cell line
containing 573,610 precursors from
13,679 proteins

▪ No match-between-runs

Figure 1:
Schematic of cell sorting on the cellenONE ®,
an instrument for cell isolation and picolitre
dispensing, using the label-free proteoCHIP ®
for sample preparation; B) LC-MS/MS setup
using a timsTOF SCP mass spectrometer
coupled to nanoElute 2 UPLC; C) dia-PASEF
window placement scheme.

Single cell proteomics is a rapidly developing
field with the potential to make important
contributions to the understanding of cellular
heterogeneity. Enhancements in trapped ion
mobility spectrometry (TIMS) coupled to fast
and sensitive mass spectrometry established
in the timsTOF SCP [1] paired with auto-
mated single cell sorting and sample
preparation realized with the cellenONE
platform allows for sensitive proteome
analyses at the single cell level. Coupled to
developments in processing of data
independent acquisition (DIA) mode data
files using deep learning with neuronal
networks (e.g., DIA-NN [2]) further
improves detectability and quantifiability of
proteins from minimal input samples such as
single cells.

Figure 4:
A) Protein group and precursor identification rates for 1, 5, 10 and 20 HEK 293 cells and HeLa cells
acquired in dia-PASEF and analyzed using TIMS DIA-NN. for single HEK cells in average 837 protein
groups, with a steady increase towards 20 cells with, in average, 5001 protein groups identified. For
HeLa cells, in average, 1400 protein groups for single HeLa cells and for 20 cells 4400 protein groups
were identified. B) Component 1 versus component 2 loadings of principal component analysis of
proteins quantifiable in single HEK 293 and HeLa cells; Protein group area distribution of C)
secretoglobulins and of D) cell cycle control proteins CDK1 and CDK2, and eukaryotic translation
initiation proteins EEF1A1 and A2 in single HEK 293 and single HeLa cells.
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Figure 3:
A) schematic of the label-free proteoCHIP
holder designed for direct injection of cellenONE
prepared (single) cells using the nanoElute 2.
Repetitive injections of 250 pg, 1 ng and 2 ng of
peptides from a HeLa cell lysate digest either
injected from an autosampler vial (green) or
from the label-free proteoCHIP (blue) with
indicated volumes pipetted into each well show
excellent reproducibility on protein group (B)
and peptide (C) level.
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37 25 13 1 85 73 61 49 133 121 109 97

38 26 14 2 86 74 62 50 134 122 110 98

39 27 15 3 87 75 63 51 135 123 111 99

40 28 16 4 88 76 64 52 136 124 112 100

41 29 17 5 89 77 65 53 137 125 113 101

42 30 18 6 90 78 66 54 138 126 114 102

43 31 19 7 91 79 67 55 139 127 115 103

44 32 20 8 92 80 68 56 140 128 116 104

45 33 21 9 93 81 69 57 141 129 117 105

46 34 22 10 94 82 70 58 142 130 118 106

47 35 23 11 95 83 71 59 143 131 119 107

48 36 24 12 96 84 72 60 144 132 120 108

 
 
 
  
 
 
 

 
 
 
 

 
 
 
  
 
 
 

 
 
 
 

 

    

    

    

    

    

                                               

 
  
  
  
  
  
  
 
 
 

              

              

 
 
 
 
  
 
 
 
 

 
 
 
 
 

 
 
 
 
  
 
 
 
 

 
 
 
 
 

 

    

     

     

     

     

     

     

                                               

 
  
 
 
 
 
 
 

       

              

0.1
ng

0.2
ng

0.5
ng

1 ng 2 ng 5 ng
10
ng

20
ng

50
ng

60 min 5453 9018 16033 26159 33687 51122 64989 72627 67816

30 min 8410 11779 20081 29189 34953 50549 57081 53631 44051

15 min 7631 10028 16869 24900 29860 40471 41876 35397 32373
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1 ng 2 ng 5 ng 10 ng 20 ng 50 ng

60 min 1225 1751 2697 3878 4504 5663 6385 6958 7277

30 min 1650 2149 3169 4131 4532 5564 6147 6439 6230

15 min 1532 1901 2831 3807 4247 5130 5416 5280 5249
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