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Peripheral blood 
mononuclear cells 

(PBMCs)
0.5-3 M / ml o f b lood

Monocytes

200-600K/ml

Lymphocytes

1.4-4M/ml

B Cells

80-460K/ml

Rare Subtypes

<70K/ml

T Cells

CD4

0.4-2.8M/ml

CD8

0.1-1.4M/ml

Rare Subtypes

<70K/ml

Natural Killer 
(NK)
0.5-1.4M/ml

0.5 and 3 million PBMCs per milliliter of blood

Protein
(pg/cell)

Cells/ml of 
blood

Protein 
(ug/ml)

T-lymphocyte (CD3)

~ 40

~3M ~ 120

T-lymphocyte (CD4) ~2M ~ 80

T-lymphocyte (CD8) ~1M ~ 40

Rare T-Subtype <70K < 0.280

Proteomics on T-Cells



TMT labelled proteomics
TMT proteomics simultaneously identify and quantify proteins across multiple 
samples. Different samples are tagged with chemically identical molecules that 
differ only in their reporter ion masses.

Sample Preparation:

• Proteins from different samples are digested into peptides

• TMT Labeling:
• Each sample is labeled with a specific TMT reagent

• The TMT reagent reacts with the primary amine groups of peptides

• Each TMT reagent has a unique reporter ion mass, but the total mass of 
the labeled peptide is the same across all samples

• Sample Pooling:

• The labeled samples are pooled together

• Mass Spectrometry Analysis:
• The pooled samples are analyzed by mass spectrometry

• During fragmentation, the TMT label is cleaved, releasing reporter ions with 
different masses

• The intensity of each reporter ion reflects the relative abundance of the 
corresponding peptide in the original sample

• Data Analysis:
• The mass spectrometer data is analyzed to identify and quantify the 

peptides

• The relative intensities of the reporter ions are used to calculate the relative 
abundance of proteins across different samples







Method set up and pilot test

Replicates Number of 
cells per 
sample

ug of TMT 
labelled 
proteinBiological

Technical 
(TMT)

Monocytes 2 3 2 Milions 30
T Cells 3 3 2.5 Milions 30
B Cells 1 3 2.5 Milions 30

Biological 
Sample

Split in 30ug 
aliquots

TMT Replicate 1

TMT Replicate 2

TMT Replicate 3

Cell Lysis

Protein Digestion

Protein 
Quantification

Hi-pH Peptide Fractionation

Combine in 12 Fractions

LC-MS

8 Fractions 48 Fractions

High pH Reversed-Phase 
Peptide Fractionation Kit

XBridge BEH C18 Column
3.5 µm, 2.1 mm X 150 mm

50 cm C18
Gradient: ACN:FA 0.1%

90-120 min
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8 Fractions - 90 min gradient
2277 Proteins - 6768 Peptides - 15727 PSMs

48 Fractions in 12 - 120 mins gradient
5089 Proteins - 19478 Peptides - 38341 PSMs
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B Cells cluster - 8 Fractions



                  
      

                                 
                                     

          

                                      

                         

                       

                               

                                 
            

                            

                    

                      

                            

                            

 
  
  

  
  
  
  

   
   
  

  
 

       
       
       
       
       
       

   

 

  

  

  

          

B Cells cluster - 48 Fractions



                        
      

                                 

                                      
          

                            

                                 

                                      
                  

                                     

                           

                          

                                     
                                      

                          

                       

 
  
  

  
  
  
  

   
   
  

  
 

       
       
       
       
       
       

   

 

 

 

 

          

                     
      

                                      
          

                            

                                 

                                     
                                      

                                  
         

                                      
                  

                                     

                              
                                

      

                       

                                 
         

                       

 
  
  

  
  
  
  

   
   
  

  
 

       
       
       
       
       
       

   

 

  

  

  

          

T Cells

8 Fractions

T Cells

48 Fractions
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Conclusions

Replicates Number of 
cells per 
sample

ug of TMT 
labelled 
proteinBiological

Technical 
(TMT)

Monocytes 2 3 2 Milions 30
T Cells 3 3 2.5 Milions 30
B Cells 1 3 2.5 Milions 30

Biological 
Sample

Split in 30ug 
aliquots

TMT Replicate 1

TMT Replicate 2

TMT Replicate 3

Cell Lysis

Protein Digestion

Protein 
Quantification

Hi-pH Peptide Fractionation

Combine in 12 Fractions

LC-MS

8 Fractions 48 Fractions

High pH Reversed-Phase 
Peptide Fractionation Kit

XBridge BEH C18 Column
3.5 µm, 2.1 mm X 150 mm

50 cm C18
Gradient: ACN:FA 0.1%

90-120 min
Inject ~ 2ug

~2 Milions cells

• Both methods discriminate among cell types

• HPLC Hi-pH fractionation outperform the spin columns
and provides a deeper insight of proteome



Determining the Detection Limit
Num. of 

Cells
Protein 

(ug)
Cells Vol. 

(ul)
Digestion 

Vol. (ul)
Technical 

Replicates
25k 1.200 10 20 18

12.5k 0.600 5 10 18
6.25k 0.300 2.5 5 18

3.125k 0.150 1.25 2.5 18
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Num. of 
Cells

Protein 
(ug)

Cells Vol. 
(ul)

Digestion 
Vol. (ul)

Technical 
Replicates

25k 1.200 10 20 18
12.5k 0.600 5 10 18
6.25k 0.300 2.5 5 18

3.125k 0.150 1.25 2.5 18

Conclusions

0.6-1.2 ug of protein per sample (T-Cells)

8 Hi-pH fractions on spin columns

90 minutes gradient for LC-MS analysis

Replicates Number of 
cells per 
sample

ug of TMT 
labelled 
proteinBiological

Technical 
(TMT)

Monocytes 2 3 2 Milions 30
T Cells 3 3 2.5 Milions 30
B Cells 1 3 2.5 Milions 30

T-Cells (CD3+)

Labeling 0.6-1.2 ug of peptides per sample 
yields similar results to labelling 30 ug
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Summary

• A pilot proteomics experiment 
successfully investigated 30 µg 
samples from 3 different 
immune cell types

• A minimum aliquot of 12,500 
cells per cell type was required 
for the 18-plex proteomics 
analysis

Further Investigations
• Can we confirm these results 

by sorting and processing 
straightaway 12,500 cells only?

• Can HPLC fractionation 
improve the results dealing 
with 0.6-1.2 ug of protein per 
sample?

• Are we ready for a real 
proteomics campaign?
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