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4. Metabolic process
5. SNARE complex
6. DNA repair
7. Signal transduction
8. RNA splicing
9. Ribosome biogenesis

10. Ribosome
11. Mitochondrial ribosome
12. SRP-depented co-translational

targeting to membrane
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13. Transcription regulation
14. Protein transport
15. Biosynthesis
16. Oxidative phosphorylation
17. Chromatin remodeling/modification
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Different regulation in lymphoma sub-types
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Functional and clinical (nutri)proteomics in 

the era of precision medicine

«Applied Nutrition and Health Promotion»





If we don’t know how a life process functions

normally, we won’t know how to recognize

and treat it when it functions abnormally.

Important Definitions



Nutrition-based disease prevention or/and treatment
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http://journal.frontiersin.org/article/10.3389/fphys.2015.00225/full

The era of –omics and Systems Biology -The New Biology 

http://journal.frontiersin.org/article/10.3389/fphys.2015.00225/full
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The era of –omics and Systems Biology -The New Biology 



Yugi K. et al. (2016) Trends Biotechnol 34(4):276-90

The era of –omics and Systems Biology -The New Biology 



Differential omics is 

the beginning of 

Systems Biology

molecule

cell

tissue

organism

…

The era of –omics and Systems Biology -The New Biology 



American Society for Nutrition. Adv. Nutr. 3: 654–665, 2012; doi:10.3945/an.112.002477.



Why to focus on proteome?
Same genome, different proteome

DNA tells what possibly,

mRNA what probably and 

Proteins what actually happens.



Catalysis

Regulation

Structure

Switch

(regulation)

Binding

Proteins are flexible multi-tools 

The MVPs of cell



Protein

Protein Life Cycle and maturation

Primary and Secondary

Tertiary

Modifications

Localization

Quaternary (Protein Complex)

Interactions / Regulation/Death 



https://www.thermofisher.com

Protein “Characters” through Modifications



Protein Modification ~ 200 known PTMs



Proteins are never alone: Protein Complex

Protein

≥2 polypeptide chains

Non-covalent interactions

-Hydrogen bonds

-Electrostatic

-Hydrophobic

-Van der Waals



Protein

Highly dynamic

- Size

- Shape

- Interacting partners

- Localization

- Stability

- Abundance

- Properties

Proteins are never alone: Protein Complex



Protein Machineries – Ribosome –Protein Maker

http://www.wilson.genzentrum.lmu.de/regulating-the-ribosome/



Protein Machineries – Proteasome - Protein Recycler



Protein Machineries –T3SS “injectisome”-Pathogen
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Kühlbrandt BMC Biology (2015) 13:89 

DOI 10.1186/s12915-015-0201-x

Protein Machineries – OxPhos – Energy production



Protein Interaction Networks



Understanding the Cell function

We need to fully understand:

1. the function of <100 molecular machineries  

2. the interaction between molecular machineries  

3. the kinetics of the function of molecular machineries  



Metabolic state Interactions Temperature

Stress

Culture conditions

Drugs Proteome

Genome

Cell specific 

gene expresion

Complexity of Proteome and proteomics

Proteins are very sensitive

Mutations/

gene KOs



What is proteomics?

(~30 yrs)

One protein

(Classical protein biochemistry)

Many proteins

(Modern protein biochemistry/Proteomics)

(~150 yrs)



Functional Proteomics

Biological Question/Pathway/Process/Condition

Directly relevant sub-proteome



Functional Proteomics

Health/Disease/Pathobiology/Mechanisms

(Humans, animals, microorganisms, viruses)

Directly relevant sub-proteome



Protein(s)

changes in:

➢ Abundance

➢ Localization

➢ Modification

➢ Structure
(primary, quaternary)

➢ Interaction
(binary, complexes)

Functional Proteomics

Biological condition(s)



Metabolic state Interactions
Temperature

Stress

Culture conditions

Drugs Proteome

Genome

Cell specific gene 

expresion

Gene KOs

Monitor proteome 

changes

Functional 

Hypothesis

Data Validation

Experimental

Confirmation

Functional stimulation, perturbation, comparison

Affected

sub-proteome



Comparative Proteomics – Healthy vs Disease

Monitor proteome 

changes

Functional 

Hypothesis

Data Validation

Experimental

Confirmation

Affected

sub-proteome

Healthy Disease



Comparative Proteomics: Disease 1– Disease 2

Monitor proteome 

changes

Functional 

Hypothesis

Data Validation

Experimental

Confirmation

Affected

sub-proteome

Disease 1 Disease 2



Comparative Proteomics: Disease  (sub) stages

Monitor proteome 

changes

Functional 

Hypothesis

Data Validation

Experimental

Confirmation

Affected

sub-proteome

Early stage
(Mild)

Late stage
(Aggressive)



Comparative Proteomics – Diet/Nutrition effect

Monitor proteome 

changes

Functional 

Hypothesis

Data Validation

Experimental

Confirmation

Affected

sub-proteome

Before after



Quantitative Proteomics – Experimental Workflow



Comparative Proteomics – Discovery

Nutrition 25 (2009) 1085–1093



Targeted Proteomics – Detection/Monitoring/Quantitation

Nutrition 25 (2009) 1085–1093



Proteins and peptides derived from food and beverages can cause
adverse allergic reactions but are in general required for multiple
functions such as growth and homeostatic regulation.

Endogenously expressed human proteins and peptides can be
used as biomarkers to monitor physiological deregulation and the
effects of food consumption.

Nutritional proteomics or Nutriproteomics





Nutrigenomics: 240 articles 2021

Nutriproteomics: 1 article 2021

Nutrition AND proteomics: 541 articles 2021



Discovery of bioactive peptides and proteins 

from nutritional sources

S. Sauer and T. Luge Proteomics2015,15, 997–1013



Biomarker development in nutrition science 

S. Sauer and T. Luge Proteomics2015,15, 997–1013



Emerging proteomic strategies in the clinic 

S. Sauer and T. Luge Proteomics2015,15, 997–1013



An emerging workflow for shotgun proteomic analysis of 

complex ecosystems such as the human or animal intestine 

S. Sauer and T. Luge Proteomics2015,15, 997–1013



Analytical and Bioanalytical Chemistry (2018) 410:6371–6386

https://doi.org/10.1007/s00216-018-1219-z



Adaptations 

resulting from 

decreased caloric 

intake to decrease 

cancer initiation 

and progression

Analytical and Bioanalytical Chemistry (2018) 410:6371–6386

https://doi.org/10.1007/s00216-018-1219-z



Examples of proteomic studies in nutritional 

intervention in cancer

Analytical and Bioanalytical Chemistry (2018) 410:6371–6386

https://doi.org/10.1007/s00216-018-1219-z



Role of 

Personalized 

Nutrition in 

Chronic-

Degenerative 

Diseases 

Nutrients 2019 Jul 24;11(8):1707.

doi: 10.3390/nu11081707.





Our Data Public Data

Personalized Medicine

Personal Protein Social Networks 



Current status in Nutriproteomics





More information

http://aivaliotis.webpages.auth.gr/



Thank you!!!


