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S01 serine peptidase motif

C2H2-type zinc finger motif
Folddisco efficiently compresses the 
inverted index to fit the whole AlphaFold 
database on a single disk and enable 
protein-universe searches with a single 
machine.



Our main approach is building record-
level index, which does not save 
information within each protein.

We introduce a modified 

Inverse Document Frequency (IDF)

as the ranking metrics for the queried 
results. By giving more weight to rare 
features, motif ranking is improved.

A length-based penalty avoids favoring 
random matches in long proteins.

Folddisco accelerates residue matching 
with an amino acid-based pre-filter.



Matching relies on two graphs: a 
primary feature hash graph and a 
secondary Cα distance graph.

Residue matches are determined by 
finding connected components in the 
feature graph.

Omitting residue information 
deduplicates observed hashes. By 
applying delta-encoding, we required 
storage space by 70%.



Indexing 53 million AFDB50 proteins 
requires only 1.6TB compared to ~18TB 
for pyScoMotif (extrapolated).

Folddisco is free and open source Rust software available at 
https://folddisco.foldseek.com


We are also building a webserver :)

In a serine peptidase motif search benchmark against 23,391 human 
AlphaFold proteome, Folddisco achieved the most TPs with least FPs 
(108 TP, 4 FP). TPs are MEROPS-annotated S01 family serine peptidases. 


Due to false-negative issue in 
pyScoMotif if searching with 4 
residues, we benchmark with both 3 
and 4 residues for a fair comparison.

RCSB suggest structural motifs 
consisting of Cα-Cα and Cβ-Cβ 
distances and their angles between. 


RCSB

Ours

However, this ignores side-chain 
orientation and increases false-
positives.

Folddisco uses two side-chain torsion 
angles in addition to RCSB’s feature, 
improving search accuracy.

To capture the orientation, all angles 
are encoded with both sine & cosine.

Folddisco does not suffer query-dependent 
performance drops with zinc finger motifs.

With full motif, Folddisco doubles F1-score and 
is 6.4 times faster compared to pyScoMotif.

Parameters: -d 0.5 -a 5 -v -r

Filter: match=3; RMSD < 0.5Å

Flag: -d 16 -a 4

Feature: default * SwissProt not attempted
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Protein structural motifs are short, evolutionarily-conserved patterns of atoms involved in protein 
functions. These motifs are usually discontinuous in sequence making them difficult to detect by 
structural alignment methods like Foldseek. Graph-based, disjoint segment-utilizing methods are more 
sensitive but computationally intense. Inverted index-based motif search, such as offered by the RCSB, 
provides constant search time but would require substantial storage for large predicted protein structure 
databases, such as the AlphaFoldDB and ESMAtlas.



Here, we present Folddisco, a novel inverted-index based method that overcomes these limitations.


For the first time, Folddisco allows to detect structural motifs within databases representing the whole 
protein universe by efficiently compressing the inverted index, allowing the full AlphaFoldDB to fit on a 
single disk and enabling for the first time protein-universe-scale motif search on a single machine. 

To do so, Folddisco introduces several innovations by




Folddisco is free and open source software written in Rust available at https://folddisco.foldseek.com.

 (1) reducing inverted-index storage space by 70% by omitting location information

 (2) improving precision with a novel feature for capturing side-chain orientation

 (3) offering fast searching speed with a highly optimized index structure.

Indexing pairwise features
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Indexing the human proteome took 110 seconds resulting in a 2.45GB index, 34.86 times faster compared to 
pyScoMotif. PDB takes 23GB storage space, a 68% reduction from pyScoMotif and 58% from RCSB’s index. 
Additionally, we have built a 1.6 TB index of 53 million AFDB50 representatives.

Most AFDB50 matches are 
concordant with results of 
sequence/profile-

based domain assignment tools,

such as InterPro.

Approximately, 3% of 

matches were found to be 
uncharacterized.
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