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So… Why should we quantify proteins?

Just leave me alone dude
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So… Why should we quantify proteins?

https://pdb101.rcsb.org/motm/14

Diabetes



How do we quantify proteins? 

By OmarKana - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=68377327

- Break up tissue 

into cells

- Labeling

Data analysisLiquid Chromatography

Tandem mass spectra
DigestionLysis  



How do we quantify proteins? 

By OmarKana - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=68377327
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iTRAQ
Isobaric Tags for Relative and Absolute Quantitation

TMT
Tandem Mass Tags

SILAC
Stable Isotope Labeling by Amino Acids in Cell Culture technique

Isobaric Labeling



What is SILAC?



iTRAQ
Isobaric Tags for Relative and Absolute Quantitation

TMT
Tandem Mass Tags

Tandem Mass Spectrometry
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iTRAQ
Isobaric Tags for Relative and Absolute Quantitation

TMT
Tandem Mass Tags



iTRAQ and TMT are very flexible 



Why should we use iTRAQ/TMT to quantify proteins? 

• All protein can be analyzed, identified and quantified 
in one experiment. 

• Can detect post-transcriptional modifications

• Data-rich 



What does “Data Rich” mean?



SILAC iTRAQ/TMT

Advantages
• High labeling efficiency
• Good quantitative repeatability, 

low protein consumption
• Can identify all PTM 

Advantages
• Can run multiple samples at the 

same time
• Suitable for most tissue types
• Semi- automated

Disadvantages
• Can’t run multiple targets in the same 

sample

• Mainly suitable for passable cell-lines and 
bacteria

• Labor intensive

Disadvantages
• Uses relative quantification, not 

absolute quantification.
• More demanding 
• Can’t detect PTM at N-terminal 



How does iTRAQ work?

Peptide Identification and Quantification 

Sample Preparation LC MS/MS

Separation of Peptides



Bioinformatics Data Validation Protein identification & quantification



How does iTRAQ work?

Peptide Identification and Quantification 

Sample Preparation LC MS/MS

Separation of Peptides



Stationary Phase Separate 

peptides based 

on their 

hydrophobicity

Peptides are further fragmented

Each peptide type is eluted in solvent and collected 

separately.

Isobaric Tag are unaffected

LC MS/MS

How did they sort the proteins after iTRAQ tagging?



Ionization

The isobaric tag and peptide are 

ionized by a laser

Precursor Ions

LC MS/MS

Convert TOF data to generate 

mass spectra of the samples

Time of Flight Tube

Separate ions based on their velocity in the 

electric field.

At this point, we know the relative abundance of peptides/proteins in each sample, and their molecular weight.

How does MS/MS work?



MALDI-MS MS/MS Analysis

Matrix-assisted laser desorption/ionization

Tandem Mass spectrometry

LC MS/MS

This Mass Spectra provides us with information on the fragmentation of the ions, informing us the 

Posttranslational Modifications and Amino Acid sequence.

Product

Ions
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Characteristics of Alzheimer’s Disease
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Alzheimer’s





LC MS/MS

Time of Flight mass spectra

Total ion count of peptides contained in a segment as a function of 

the elution time as an example.

MS/MS esults



Bioinformatics

Bioinformatics Analysis

Identify the sequences detected in MS/MS, compared with sequence with 

reference genome



Proteins differentially expressed

Overexpressed: 61

Protein identification & quantification

Overexpressed



Proteins differentially expressed

Subexpressed: 69

Protein identification & quantification

Subexpressed



Bioinformatics

MS/MS Results

AD Patients Protein Expression 

Deviation from control 

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

Volcano plot of proteins identified in Alzheimer's disease brains.



tissues and primary cells: astrocytes and neurons, nervous system CNS and neuroblastoma cell lines; neurological diseases and psychological disorders

Gene Ontology

Bioinformatics

Out of 130 differentially expressed proteins

24% are related to Neurological Disease

23% are related to psychological disorders

8% are related to Metabolic disease



Bioinformatics

IPA Core Analysis shows how the differentially expressed interact 
Ingenuity Pathway Analysis

Cell death and survival, free radical scavenging, cellular growth and proliferation Free radical scavenging, cardiovascular disease, cell death and survival, cancer, and cell morphology

tissues and primary cells: astrocytes and neurons, nervous system CNS and neuroblastoma cell lines; neurological diseases and psychological disorders



tissues and primary cells: astrocytes and neurons, nervous system CNS and neuroblastoma cell lines; neurological diseases and psychological disorders

Gene Ontology classification 
results are consistent with AD 
symptoms

Bioinformatics

Subexpressed



tissues and primary cells: astrocytes and neurons, nervous system CNS and neuroblastoma cell lines; neurological diseases and psychological disorders

Bioinformatics

Gene Ontology classification 
results are consistent with AD 
symptoms Overexpressed



Biomarkers found in brains with Alzheimer’s disease with IPA

Only Included in Alzheimer
Neurological Disorders

Psychological Disorders

tissues and primary cells: astrocytes and neurons, nervous system CNS and neuroblastoma cell lines; neurological diseases and psychological disorders

Bioinformatics

Proof of concept, identifying biomarkers with iTRAQ



Data Validation

Protein Validation with western blot



Data Validation

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

MS/MS WB

Ferritin heavy chain level is elevated in Protein Validation of 
elderly patients 



Data Validation

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

MS/MS WB

Hsp60 is initially decreased in in AD patients,, but the level elevates in elderly patients 



Data Validation

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

Tubulin is decreased in in AD patients



Data Validation

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

MS/MS predicted increased expression of Tau, but WB showed a decrease in Tau



Data Validation

Control 29y/o male

AD1 70  y/o Female

AD2 81 y/o Female

AD3 87 y/o Female

Actin is overexpressed in in AD patients



Data Validation

Silenced

PGM1 (BDSC#34345)

Rho1 (BDSC#9909)

UAS-Tau flies: Longest human Tau isoform (4N2R)

Tau protein

UAS flies

UAS- Aβ42 flies: produced signal peptide for secretion of Aβ42

Amyloid Beta peptide

In-vivo Validation

Drosophila melanogaster as a model organism for Alzheimer’s disease - Scientific Figure on ResearchGate. 
Available from: https://www.researchgate.net/figure/Exemplified-rough-eye-phenotypes-REP-used-as-readout-

for-modifier-screens-Scanning_fig2_258851716 [accessed 5 Apr, 2023]



Data Validation

RNAi Silencing Rho

UAS flies

Sideroflexin

RNAi Silencing

Phosphoglucomutase 1 PGM1

Differentially expressed as a function of age Overexpressed

Subexpressed

Subexpressed

In-vivo Validation



Data Validation

UAS flies

Sideroflexin Phosphoglucomutase 1

ControlIn-vivo Validation



Summary
• Through iTRAQ it is possible to determine differentially expressed proteins,and

biomarkers.

.

• The overexpressed polypeptides affected ROS and stress responses, while the 
subexpressed polypeptides affected oxidative phosphorylation, organellar 
acidification, and cytoskeleton.

• Drosophila is an excellent model to study Tau and Amyloid beta toxicity. 

• Sideroflexin and Phosphoglucomutase-1
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