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Caenorhabditis elegans
19 099 genes

Drosophila melanogaster
13 600 genes

Escherichia coli
4 403 genes

Saccharomyces cerevisiae
6 275 genes

From genomes to proteomes…

Homo sapiens
~ 20 000 genes

Mus musculus
18 311 genes

~ 20 000 genes

Genome



One gene (One mRNA) One protein

One gene encodes for about 7 
protein in eukaryotes



The Human microbiome - a treasure trove waiting to be unlocked

Nose:
✓ Mucus production
✓ Antimicrobial chemicals

Sexual organs:
✓ Maintain pH and H2O2 

production to kill microbes

Skin:
✓ Fortify immune systems
✓ Scent production

Colon:
✓ Digestion of complex carbohydrates

Stomach:
✓ Prevents gastric complications

Lung:
✓ Lubricate pulmonary tissues

Mouth:
✓ Assist digestion 
✓ Ward off pathogens

Viruses, bacteria and fungi residing in communities within and on the body
1-3% of the body mass - About 46 million genes



Associate genes 
to pathologies ?

Success of the Human Genome Project

2003
15 years

US$ 3 billions

• Pharmaceutical drugs target proteins that mainly belong to 4 
families: Enzymes, Transporters, Ion channels, Receptors

• Knowing proteins in a patient’s disease cells will help 
understand the pathology

• Proteins hold the key to may be personalized treatment



Only Proteins can tell…

Credit: N. Kelleher, 2021, Northwestern Univ, USA



Genome -> Genomics

Transcriptome -> Transcriptomics

Proteome -> Proteomics

Metabolome -> Metabolomics

The world of possible

What is going to happen (may be)

What is happening now

What has happened

Chemical diversity
Dynamic range

Homeostatic principle: composition is constant

What changes are important and relevant ?

Credit: Thierry Rabilloud – CEA Grenoble France





The Human Proteome Project (HPP) is a 
coordinated international project designed to 
map the entire human proteome in a 
systematic effort using currently available 
and emerging techniques. 

Completion of this project will enhance 
understanding of human biology at the 
cellular level and lay a foundation for 
development of diagnostic, prognostic, 
therapeutic, and preventive medical 
applications



Aims at expanding the understanding 
of each and every gene on each 

chromosome

HPP matrix

The Human Proteome Project
Task forces & Matrix of ressources

Aims at focusing on important biology 
research aspects and ongoing disease-

focused research



Examples of major integrated resources

www.proteinatlas.org

www.peptideatlas.org

www.nextprot.org

www.proteomexchange.org

www.massive.ucsd.edu



Feb 2020: a major milestone

Completion of 
92.8% of the 

human proteome 
parts list

First blueprint of the human proteome



April 2023

HPP progress to date (Phase 1)

September 2024

1,273

18,138

19,411

93.5%

Unseen proteins: why?
✓Low abundance 
✓Time- or stress-dependent
✓Tissue- or cell-specific expression
✓Particular physicochemical properties
✓Protein instability



2021 
Announcement of the Human Proteome “Grand 

Challenge” | a function for every protein



• Build upon the large resources constructed through the significant efforts of the HPP

• Understanding the Proteome in the context of Networks of Networks

• Partner with complementary consortia to expand the reach of the HPP and increase 
its relevance

• Develop forward thinking strategies to provide functional information of each 
protein

• Be a focal point for translational researchers for mechanisms, diagnostics, and 
therapeutics to improve human health

Robert Moritz - Nov 2021
Chair Human Proteome Project

The Human Proteome “Grand Challenge” 
| a function for every protein



❑ Open to all interested groups or individuals

❑ Agnostic to disease and biological context

❑ Utilize resources already familiar to the research group

❑ Advance the knowledge of systems being worked on through the access to resources to perturb these 
systems

❑ Build networks and understand the context of each protein to build a KB of overlapping networks

The Human Proteome “Grand Challenge” 
| a function for every protein

Need for a central repository



HEK293T
human embryonic kidney cells 

with SV40 large T antigen

HCT116
Adult male  human 

colorectal carcinoma cell line

BioPlex
bioplex.hms.harvard.edu

Providing context to networks through 
perturbation

The Human Proteome “Grand Challenge” 
| a function for every protein



https://www.nextprot.org/entry/NX_Q5T0J7/

Testis-expressed protein 35 (Gene TEX35)

The Human Proteome “Grand Challenge” 
| a function for every protein

Approach protein function 
through structures



Target 2035 Chemical Probes 

Comparative mapping Define interactors and perturbers
to understand impact and function

The Human Proteome “Grand Challenge” 
| a function for every protein

“Target 2035 — an ambitious open- science 
proposal to develop a suite of chemical genomics 
tools to modulate every protein in the proteome”     

- Asher Mullard

Use small molecules to perturbate 
the proteome of a cell



The Human Proteome “Grand Challenge” 
| a function for every protein

2023 Call with HPP

Human cell line

Responsive Non responsive

0.1xEC50 10xEC501xEC50

Rx

Proteomics analysis

• Known perturbation
• Non-expected perturbation

to understand possible function

The team
+

ChemBioFrance

HPP 
Grand Challenge

Pilot project will help define strategies and standards for:
• MS method and data acquisition  
• Data exploitation 
• Setting up a central Repository
• .…



How to contribute to the HPP and Grand Challenge ?

✓ A team, an individual
✓ Specialist of a protein, a protein family, a pathology, a cellular model, etc.
✓Mastering a cutting-edge technological approach
✓Willing to share results with the HUPO community
✓ Interested in joining HPP initiatives or to launch a new one



• Computation of a “Function Evidence” scoring
• Release of the annual PE numbers now carried out by Uni-Prot
• Creation of an HPP Portal

Ongoing actions :

The Human Proteome “Grand Challenge” 
| a function for every protein



FE 1: At least one function for the protein is very well characterized. Essentially textbook quality understanding of 
function. There’s always more to understand, of course.

FE 2: Quite a lot is known about the protein’s function, but it is lacking really good manual assertion information of 
both biological process and molecular function.

FE 3: Somewhat specific ideas of the biological process that the protein participates in is annotated, but still a long 
way from where we want to be.

FE 4: Some vague function information is known, a decent basis for more research.

FE 5: Essentially no function is known. There may be some vague ideas like “metal ion binding” or some localization 
information, but this is not deemed to be a useful function.

Computation of a “Function Evidence” scoring

Summary from the HPP Day @

The proposal to score each protein with an FE score similar to a PE score 

Working Group on Functional scoring (Eric Deutsch)

Emerging Strategies to address protein function(s)



Update on the Protein Evidence scoring now carried out by Uni-Prot and 
based on GENCODE references

How many proteins remain to be identified in the Human Proteome?

Protein Category 2012-02 2013-09 2014-10 2017-01 2019-01 2020-01 2021-02 2022-02 2023-04 2024-05

PE1: Evidence at protein level 13,975 15,646 16,491 17,008 17,694 17,874 18,357 18,407 18,397 18,138

PE2: Evidence at transcript level 5205 3570 2647 1939 1548 1596 1265 1135 1151 928

PE3: Inferred from homology 218 187 214 563 510 253 147 195 215 168

PE4: Predicted 88 87 87 77 71 50 9 13 15 62

PE5 & no PE: Uncertain 115

Missing Proteins 5511 3844 2948 2579 2129 1899 1421 1343 1381 1273
PeptideAtlas canonical 12,509 13,377 14,928 15,173 16,293 16,655 16,702 16,957 17,245 17,416

Numbers of proteins by PE level from neXtProt for 2012-02 to 2023-04, plus 2024-05 from GENCODE+UniProtKB, showing the 
progress in identifying missing proteins to become PE1 proteins, and PeptideAtlas canonical proteins by mass spectrometry.a,b

a) PE1/entire target list = 18138/19411 (93.5%)
b) More stringent HPP Guidelines (v2.1) were imposed in 2016 and enhanced in 2019 (v3.0)

From: Omenn et al., Submitted to J Proteome Res - Sept20234



The Human Proteome Project Portal

✓A light construction
✓Ongoing construction by Gong Zhang et coll. (Jina Univ & Chi-Biotech, China)

✓Will allow full HPP and HUPO branding

Protein
ID Links

PE score

FE score

Other

Predicted functions

Known functions

Sequences

GENCODE, Uni-Prot, RefSeq, HPA

First version to 
be presented at 

HUPO2024

The Human Proteome “Grand Challenge” 
| a function for every protein



hppportal.net

Under construction… First view of the HPP Portal
Official knowledge hub for the HPP Grand Challenge

Will be launched 
at HUPO2024



Submitting proposals to get funded nationally and 
join the HPP Grand Challenge 

Grand Challenge Task Force

hpp@hupo.org +/- Recommendations

1. Download project form template

2. Submit completed form

4. Submit with grant 
application to your national 

funding agency

3. Obtain validation of 
proposal

List of validated projects forwarded to national funding agencies

Charles Pineau – France
Cecilia Lindskog – Sweden
Robert Moritz – USA
Chris Overall – Canada
Eric Deutsch – USA
Nicolle H. Packer – Australia
Michael H. Roehrl - USA

Susan Weintraub – USA
Gilbert S. Omenn – USA
Ed Nice - Australia
Bogdan Budnik – USA
Gong Zhang - China
Jennifer Van Eyk – USA
Livia Rosa - USA



_ _ __ _

Led by Dr Fuchu He
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