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What is it?
STRING What? 

Protein-protein interaction network / DB 

Functional Enrichment tool 

Access: 
User Interface 

Data dumps 

API 

Cytoscape / R packages



STRING
Functional Associations Networks

The linked proteins contribute to the same 
biological process. 

Useful abstraction / very predictive at various tasks

Allows us to derive the predictions from 
multiple sources at various modalities

Pretty dense

Direct / Indirect / stable / transient

Non-directional



STRING
Physical (Co-complex) Networks

Proteins are part of the same physical complex.

Stable complexes / Transient interactions

The available data often does not define 
the complex structure

Non-directional

Curated knowledge / Text-mining / Experiments



STRING
Regulatory Networks

Protein A changes the activity / expression / stability 
of Protein B

Focus on directionality of the interaction

Postitive / Negative

Curated knowledge / Text-mining

Mode of regulation

A regulates B



Best prediction 
performance for 
phenotype/disease 
associated genes on an 
independent benchmark
State of the Interactomes: an evaluation of molecular 
networks for generating biological insights.


S. Wright et al. Bioarxiv 2024 



Users base
STRING

1 mln unique users / >8500 citations (yearly) 

Survey:  

68% academia / hospitals 

19% studnets 

6% industry 

5% gov- and non-gov orgs



Licence
STRING







STRING
Evidence channels

Gene neighborhood

Gene fusions

Phylogenetic profiles

Experimentally validated

Curated pathways

Text-mining

Co-expression
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STRING
Evidence channels

Gene neighborhood

Gene fusions

Phylogenetic profiles

Experimentally validated

Curated pathways

Text-mining

Co-expression
The STRING database in 2023: protein-protein association networks and 
functional enrichment analyses for any sequenced genome of interest.


D. Szklarczyk et al. NAR Db 2024 



STRING
Evidence channels

raw score

Prob. of

sharing

KEGG

pathway



STRING
Evidence channels

All channels are weighted equal.



STRING
Evidence channels

0.5 Experimental = 0.5 Text-mining

S = 1 −
n

∏
i=1 ( 1 − pi

1 − px )
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STRING
Textmining / Functional

Sij = (
Cij ⋅ C⋅⋅

Ci⋅ ⋅ Cj⋅ )
1−α

Cij =
n

∑
k=1

(δdijkwd + δpijkwp + δsijkws)



STRING
Blocklisting

PMID:31212674

PMID:32670211 

PMID:22380540 
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L R ACTION

- - -
- - -
- - -
- - -

STRING
LLM - Regulatory / Physical Networks





RoBERTa-large-PM

POSITIVE: ~1000 curated abstracts containing 
complex formation information
NEGATIVE: ~300 curated abstracts containing 
information genetic interactions.

Fine-tuned:

Softmax activation function on a decision layer.

Max F1 score over 11 epochs

86.75% average precision, 82.05% average recall

STRING
LLM Model



0.844

0.675

0.490

0.905

0.623

RoBERTa-large-PM-M3-Voc



0.844

0.675

0.490

0.905

0.623

RoBERTa-large-PM-M3-Voc
complex

subunits

associatedcomplex

heterodimeric

interact



TRIGGER EXTRACTION
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TRIGGER EXTRACTION



MODEL
RegulaTome corpus: 

• 10499 regulatory relationships


• 2294 Regulation

• 2131 Positive Regulation

• 1920 Negative Regulation

• 521 Regulation of Gene Expression

• … 40 different types

F1-score (66.6%) 



MODEL

F1-score (66.6%) 

Model run: 

• Documents with at least 1 pair 

• 3 mln abstracts 
• 3 mln full-text 

• 1200 mln pairs 

• 18.4 mln with at least one positive label 
• < 100k high confidence labels



REGULATION

F1-score (66.6%) 

Available 
Later This Year



STRING
Textmining viewer



STRING
Textmining viewer



GenAI in action



GenAI in action

- Benchmarking / Tuning



STRING
Textmining viewer



... re tested at 2x and 8x MIC of each compound. The enzymes involved in de novo tryptophan biosynthesis are encoded on the trp operon 
(5'-3'): trpE, Rv1610, trpC, trpB, trpA. To confirm that compounds 1, 2 and 3, target biological components of the tryptophan biosynthesis, and 
more specifically tryptophan synthase, the MIC of M ...

... , representing 4% of the genome, five categories were equally represented with 3 genes each: energy metabolism (glgA, lpdA, and glmS), 
amino acid biosynthesis (trpA, trpB, and aroL), DNA replication and repair (nrdA, recA, and dnaQ), type III secretion (mcsC, CTL0085, and 
CTL0043), and translation (pheT, cysS, and thrS). Of ...

... T to generate the RP state FAD*…TrpB *via FAD*...TrpA could basically still occur. However, without the terminal TrpC, the photo-generated 
radicals on FAD and TrpA/TrpB are not sufficiently spatially separated for stable charge separation on a longer time scale. Thus, efficient 
backward ET and radical recombination would l ...

PMID:22086606 

PMID:33078454 

PMID:31311884 

openAI chat (gpt-3.5-turbo-1106)

normalized 
names



... re tested at 2x and 8x MIC of each compound. The enzymes involved in de novo tryptophan biosynthesis are encoded on the trp operon 
(5'-3'): trpE, Rv1610, trpC, trpB, trpA. To confirm that compounds 1, 2 and 3, target biological components of the tryptophan biosynthesis, and 
more specifically tryptophan synthase, the MIC of M ...

... , representing 4% of the genome, five categories were equally represented with 3 genes each: energy metabolism (glgA, lpdA, and glmS), 
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trpA and trpB are subunits of the tryptophan synthase enzyme. Studies have reported inhibitors that compete with IGP for the 
active site of trpA, bind at the trpA:trpB interface, and interact with the hydrophobic intermolecular indole channel in trpB. 
Mutations in trpA have been identified in various Chlamydia trachomatis strains, suggesting its involvement in organotropism. 
The trpA:trpB communication domain and nonsynonymous mutations have been analyzed in clinical strains. Additionally, trpA 
and trpB are components of the tryptophan biosynthesis pathway and are part of the trp operon. Furthermore, there is an ET 
step between trpB and trpA in the tryptophan synthase enzyme.



GPT: 

• Negligible cost for non programmatic access with user trigger 

• We do not want GPT to inject knowledge  

• Small models perform well at this task 

• Don’t overwhelm the model with text 

• Frustrating to read, as there is no source 



trpA and trpB are subunits of the tryptophan synthase enzyme. Studies have reported inhibitors that compete with IGP for the active site of 
trpA, bind at the trpA:trpB interface, and interact with the hydrophobic intermolecular indole channel in trpB. Mutations in trpA have been 
identified in various Chlamydia trachomatis strains, suggesting its involvement in organotropism. The trpA:trpB communication domain and 
nonsynonymous mutations have been analyzed in clinical strains. Additionally, trpA and trpB are components of the tryptophan biosynthesis 
pathway and are part of the trp operon. Furthermore, there is an ET step between trpB and trpA in the tryptophan synthase enzyme.
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trpA, bind at the trpA:trpB interface, and interact with the hydrophobic intermolecular indole channel in trpB. Mutations in trpA have been 
identified in various Chlamydia trachomatis strains, suggesting its involvement in organotropism. The trpA:trpB communication domain and 
nonsynonymous mutations have been analyzed in clinical strains. Additionally, trpA and trpB are components of the tryptophan biosynthesis 
pathway and are part of the trp operon. Furthermore, there is an ET step between trpB and trpA in the tryptophan synthase enzyme.

trpA and trpB are subunits of the tryptophan synthase enzyme.

Split into clauses 

Studies have reported inhibitors that compete with IGP for the active site of trpA

 bind at the trpA:trpB interface, and interact with the hydrophobic intermolecular indole channel in trpB

Mutations in trpA have been identified in various Chlamydia trachomatis strains

suggesting its involvement in organotropism

The trpA:trpB communication domain and nonsynonymous mutations have been analyzed in clinical strains

Additionally, trpA and trpB are components of the tryptophan biosynthesis pathway and are part of the trp operon

Furthermore, there is an ET step between trpB and trpA in the tryptophan synthase enzyme.
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trpA and trpB are subunits of the tryptophan synthase enzyme (1,2). 
Studies have reported inhibitors that compete with IGP for the active 
site of trpA (2), bind at the trpA:trpB interface, and interact with the 
hydrophobic intermolecular indole channel in trpB (2). Mutations in 
trpA have been identified in various Chlamydia trachomatis strains (1), 
suggesting its involvement in organotropism. The trpA:trpB 
communication domain and nonsynonymous mutations have been 
analyzed in clinical strains (1,3). Additionally, trpA and trpB are 
components of the tryptophan biosynthesis pathway and are part of 
the trp operon (1). Furthermore, there is an ET step between trpB and 
trpA in the tryptophan synthase enzyme (1).

PMID:22086606 

PMID:33078454 

PMID:31311884 
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STRING Clustering

Glycine, serine and 
threonine metabolism

Valine, leucine and 
isoleucine biosynthesis

Tryptophan metabolism
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MAIN ISSUES WITH GPT
From scientific resource perspective in no particular order

• Reproducibility / Explainability 

• Inferential Overreach 

• Paper mills 

• Cuts in primary curation 

• Web crawlers
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