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Abstract 

While the majority of proteins with a v ailable str uct ures are able to f old independently and mediate interactions only after acquiring their f olded 
state, a subset of the known protein complexes contains protein chains that are intrinsically disordered in isolation. The Mutual Folding Induced 
by Binding (MFIB) database collects and classifies protein comple x es, wherein all constituent protein chains would be unstable / disordered in 
isolation but fold into a well-defined 3D complex str uct ure upon binding. This phenomenon is often termed as cooperative folding and binding 
or mutual synergistic folding (MSF). Here we present a major update to the database: we collected and annotated hundreds of new protein 
comple x es fulfilling the criteria of MSF, leading to an almost six-fold increase in the size of the database. Man y no v el features ha v e also been 
introduced, such as clustering of the comple x es based on str uct ural similarity and domain types, assigning different evidence levels to each 
entry and adding the e vidence co v erage label that allo w ed us to include comple x es of multi(sub)domain monomers with partial MSF. The MFIB 

2.0 database is a v ailable at https://mfib.pbrg.hu . 

Gr aphical abstr act 

I

P  

f  

i  

s  

s  

M  

 

 

 

 

 

 

 

R
©
T
(
o
p
j

ntroduction 

roteins sample a wide spectrum of structural states ( 1 ). While
olded / globular proteins have a well-defined 3D structure,
ntrinsically disordered proteins / regions (IDPs / IDRs) lack a
table tertiary structure under physiological conditions, in-
tead they exist as dynamic conformational ensembles ( 1–3 ).

any proteins are modular, meaning that they contain both
eceived: August 14, 2024. Revised: September 26, 2024. Editorial Decision: Oct
The Author(s) 2024. Published by Oxford University Press on behalf of Nuclei

his is an Open Access article distributed under the terms of the Creative Comm
https: // creativecommons.org / licenses / by-nc / 4.0 / ), which permits non-commerc
riginal work is properly cited. For commercial re-use, please contact reprints@o
ermissions can be obtained through our RightsLink service via the Permissions l
ournals.permissions@oup.com. 
well-folded domains and disordered regions, also, many ex-
ploit conformational transitions for their functions, wherein
they shift between different structural states in a regulated
manner, on some stimulus or partner binding ( 4 ). IDPs them-
selves are also not uniform regarding their structural states;
random coil-like extended chains, pre-molten globules and
molten globules all classify as IDPs, even though they repre-
ober 9, 2024. Accepted: October 14, 2024 
c Acids Research. 
ons Attribution-NonCommercial License 
ial re-use, distribution, and reproduction in any medium, provided the 
up.com for reprints and translation rights for reprints. All other 
ink on the article page on our site—for further information please contact 

https://doi.org/10.1093/nar/gkae976
https://orcid.org/0000-0001-8105-0285
https://mfib.pbrg.hu


D 488 Nucleic Acids Research , 2025, Vol. 53, Database issue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sent markedly different levels of compactness and secondary
structure content ( 5 ,6 ). 

IDPs fulfill many important functions in a diverse set of bio-
logical processes in cells ( 3 ,7–9 ), and most of those are linked
to their interaction capacities, i.e. they are interaction spe-
cialists ( 10 ) and often serve as hubs in interaction networks
( 11 ,12 ) mainly due to their conformational adaptability and
ability to interact with multiple partners ( 13 ) typically by em-
ploying short linear motifs (SLiMs) ( 14 ,15 ). Binding pockets
on domain surfaces mediating interactions with disordered re-
gions (e.g. with SLiMs) are attractive targets for therapeutic
intervention, both for cancer treatment ( 16 ) or for developing
antivirals ( 17 ). 

The initial structural states of the protein chains form-
ing protein complexes can vary widely, and this pro-
vides a firm basis for the categorization of the complexes.
Considering a binary classification of constituting partners
(ordered / disordered), protein complexes may form through
autonomous folding and independent binding (AFIB) (when
ordered partners interact), coupled folding and binding (dis-
ordered partner adapts to ordered partner) ( 18–20 ) or mu-
tual synergistic folding (MSF; two disordered partners interact
through cooperative folding and binding) ( 21 ). Notably, cer-
tain IDPs can also engage in so-called fuzzy complexes ( 22 ) or
liquid–liquid phase separation ( 23 ,24 ) where they do not fold
up on binding but remain largely disordered in the complex. 

The Mutual Folding Induced by Binding (MFIB) database,
established in 2017 ( 25 ), focuses on complexes formed
through MSF. Such complexes also show structural and func-
tional diversity. The protein chains forming MSF complexes
can be classical IDPs that also exist in cells in a monomeric
form, but form transient complexes with the right partner(s)
under specific circumstances (e.g. the A CTR –NCBD interac-
tion ( 26 ), or the phosphorylation-controlled intrachain inter-
action within FOXM1 ( 27 )). Such heteromeric transient com-
plexes are mainly involved in signaling. In other cases, the pro-
tein chains do not exist and function in a monomeric form
because they are absolutely dependent on the formation of
permanent complexes (mainly obligate homooligomers ( 28 )).
Proteins belonging to the latter group are typically not fully
disordered, but molten globule-like nearly ordered structures
( 29 ) that would be unstable on their own. They are often
aggregation-prone as isolated monomers due to exposing hy-
drophobic surfaces to the solvent ( 30 ,31 ). Accordingly, such
proteins usually form highly stable complexes (often referred
to as two-state dimers) and therefore the monomeric forms
are not present in cells and are literally impossible to study
in vitro ( 30 , 32 , 33 ). 

While certain experimental approaches can conclusively
prove MSF, e.g. if the complex follows a two-state unfolding
process from a folded multimer to unfolded monomers when
varying some external factor (most commonly the tempera-
ture or the concentration of some denaturing agent) ( 21 ,34 ),
such measurements are only available for a limited number of
protein complexes. Often, there is little or no information on
the structural states of the monomers (especially in the case
of the above-mentioned obligate homooligomers), and / or the
results of several publications need to be combined to con-
clude on MSF for a complex. This makes collecting such in-
formation difficult and laborious. The original release of the
database mainly contained complexes where there is exper-
imental evidence for the disordered state of the monomers,
which resulted in a relatively limited set of 205 entries ( 25 ).
Here, we present a major update to the MFIB database, where 
we not only collected new entries along the old terms but 
also considered a wider scope of evidence supporting MSF 

and thereby created a more comprehensive data resource. Dur- 
ing data collection and manual curation, we considered many 
hallmarks of complex structures that are frequently discussed 

in their accompanying publications and can be indicative of 
MSF. Some of the selected properties were proved to be capa- 
ble of discriminating MSF complexes from other types of com- 
plexes ( 35 ), but all of them can be suggestive of MSF along 
rational arguments. Besides achieving an almost six-fold in- 
crease in the size of the database, we also introduced a new 

framework to classify entries based on the quality of evidence 
supporting their MSF, implemented a structural similarity- 
and domain type-based clustering approach, enabled the in- 
clusion of multi(sub)domain entries exhibiting only partial 
MSF, and revamped old entries to achieve a high level of inte- 
gration with the novel ones. 

Materials and methods 

Data processing 

First, we performed a pre-filtering approach on the protein 

complex structures from PDBe ( 36 ), where the most preferred 

assembly composition is dimeric to get a list of MSF candi- 
date complexes that can then be manually curated. To elimi- 
nate possible false positives, we excluded all entries where any 
of the chains have a solved monomeric PDB structure (SIFTS 
( 37 ) was used to check if multiple PDB chains belong to the 
same region of a full-length protein sequence from UniProt).
We further excluded proteins with (Charged) Single Alpha He- 
lices using the CSAH server ( 38 ) (often cross-predicted with 

coiled-coils (CCs) and disordered regions ( 39 )) and structures 
containing transmembrane region(s) ( 40 ). 

Next, we calculated surface and contact properties / features 
of all dimeric complexes, in a similar way as described by 
Mészáros et al. ( 35 ); however we replaced the Naccess method 

( 41 ) with Voronota ( 42 ) to calculate surfaces and contacts. We 
compared the ‘autonomous folding and independent binding’ 
set (‘AFIB set’) ( 35 ) and the original MFIB database (‘MFIB 

(2017)’) and selected features where the average ± the stan- 
dard deviation of the two datasets do not overlap, resulting 
in six characteristic properties (see results for the list of these 
properties and the Supplementary Table S1 for calculated val- 
ues). Dimeric protein complexes were then filtered using these 
features and only those complexes were kept as MSF candi- 
dates, for which at least one of the calculated features was 
within the newly defined average ± the standard deviation 

range. 
To achieve clustering of the similar complex structures be- 

fore manual curation, we performed a structural search on all 
(including original and new candidate) entries with Foldseek 

( 43 ), searching all protein chains against all protein chains. In 

parallel, we also searched for Pfam ( 44 ) domains in all con- 
stituting chains. We defined protein chain pairs if two chains 
shared a TM-Score ≥ 0.3 (where false positive ratio is dimin- 
ishing according to Xu et al. ( 45 )) and 60% sequence cover- 
age, or if their unique lists of Pfam domains were identical.
A greedy algorithm (starting with protein chains that had the 
highest number of chains paired based on Foldseek and Pfam) 
was used to generate protein groups. Next, we extended the 
clustering to complexes: two protein complexes belong to the 

https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
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covered several clusters. 
ame cluster, if their individual chains belong to the same (sin-
le chain) cluster(s). 

As a starting point of the manual annotation procedure,
he annotators received the clustered candidate protein com-
lexes and their work was further supported by annotations
rom some external sources (DisProt ( 46 ) annotations on dis-
rdered regions and information from SOCKET ( 47 ) on CCs).
uring the manual annotation procedure, the annotators were

ooking for author statements on a predefined set of features
ndicative of MSF (listed in the Results section describing the
anual annotation of complexes) in the descriptive article of

he complex structure, and, if available, in additional papers
escribing the stability of constituting protein chains. All en-
ries included in MFIB 2.0 were checked by at least two anno-
ators to ensure quality. Supplementary Figure S1 shows the
ipeline how data were processed, including prefiltering and
anual curation. 

pdating the web-server backend and frontend 

FIB 2.0 can be accessed through a user-friendly, PHP-based
eb interface backed by a highly efficient multi-layer SQL
atabase (MariaDB 8.0.32). The current version uses the
ame front-end style as the original one, using the Bootstrap
ramework (version 4.6). The page uses the latest versions of
he open-source Molstar (version 4.4) and Chart.js (version
.4.3.) libraries for visualization. 
In addition to providing access to the data through the on-

ine interface, they can also be downloaded in XML or JSON
ormats, separately on each entry page, or in a zipped format
rom the Downloads page, including all entries in plain text
ormat. 

The webpage is optimized for desktop view, and it was
ested on Windows, Linux and Macintosh operating systems.

esults 

refiltering the PDB using indicative surface and 

ontact properties 

hile complexes going through coupled folding and bind-
ng can be easily separated from MSF complexes by vi-
ual inspection, ‘autonomous folding and independent bind-
ng’ complexes are much more challenging to discriminate.
he literature describing protein complexes that could un-
ergo MSF often discusses indicative features that are char-
cteristic of these complexes. Many of these features can
e calculated using the PDB structures and show predictive
ower to identify MSF proteins using the structure alone.
s part of our prefiltering approach, we selected the six sur-

ace and atomic contact related properties that best discrimi-
ated between the different types of complexes (see Methods,
upplementary Table S1 ), and we calculated these features for
imeric PDB entries. The following fractions were selected
s features: buried area / all surface area, interface area / all
urface area, interchain atomic contacts / all atomic contacts,
nterchain hydrophobic-hydrophobic / all atomic contacts, in-
erchain hydrophobic-polar / all atomic contacts and the in-
erchain backbone-backbone / all atomic contacts. Complexes
hat had at least one of these features in the average ± stan-
ard deviation range calculated for the entries in the origi-
al MFIB database were considered as MSF candidates and
assed on for manual curation after clustering. 
Clustering entries based on structure and sequence
information 

The original MFIB database used UniRef90 for clustering of
the complexes and only a single representative structure of
each cluster was displayed on the webpage. While collect-
ing the data we realized that the original clustering based
on 90% sequence identity was extremely stringent: in many
cases, proteins in different clusters exhibited almost identical
structures and belonged to the same domain family, further-
more, the descriptive articles of MSF complexes often men-
tioned close-homologue, structurally very similar complexes
that showed much lower sequence identity values. Therefore,
based on the assumption that the folding cores and paths
are largely conserved between protein chains belonging to the
same domain type, we shifted to structure / domain-based clus-
tering and clustered all (old and new candidate) entries using
Foldseek and Pfam annotations (see ’Methods’ section). The
resulting clusters were checked during manual curation and
sometimes manually adjusted when a subgroup in the cluster
had additional elements or domains compared to other mem-
bers (e.g. Nudix domain containing proteins were separated
into two clusters based on their additional subdomains). 

The original MFIB contained 205 separate entries all be-
longing to different clusters that may still share similarities or
belong to the same fold. The 1122 protein complexes of the
updated MFIB database are grouped into 395 distinct clus-
ters that all represent different protein domain types (Figure
1 / A, left). The most populated cluster is a group of dioxyge-
nases with 64 members, while there are 245 clusters with ex-
actly one element / complex. Since the current release focused
on dimeric structures, most of the included clusters are dimeric
(almost 95% of all entries), yet higher-order oligomers up to
heptamers are also included from the first release. 

Manual annotation of complexes and new 

classifications 

All clustered candidate complexes were subjected to a manual
annotation phase where the curators of the database made
informed decisions (mainly considering evidence in relevant
literature) on each complex to be included into the database
or rejected, therefore MFIB 2.0 is a fully manually curated
database. During this manual annotation phase, diverse lines
of evidence were collected supporting MSF of the complexes
(at least for one in each cluster). In cases where contradicting
evidence was found (e.g. any cluster member exists in a folded
monomeric state in solution) or the structures contained any
transmembrane regions (for which folding can only be stud-
ied and interpreted in the context of lipids), the cluster was
rejected. Also, a unique, representative domain was assigned
to each cluster that was present in all members. In most cases,
the name of the Pfam domain was used as the representative
domain, except, when it was lacking and therefore the CATH
domain or protein name needed to be used. In some rare cases,
distinctive specifications were added to the automatically as-
signed domain type to distinguish the given cluster from an-
other cluster with a similar domain type. Broader classes and
subclasses were also assigned to the complexes as part of the
manual curation procedure. The original classes of the MFIB
database were mostly kept, and in addition new classes (and
subclasses) were also defined, such as BAR domains, Bacterial
toxin-antitoxin systems or Cystine-knot cytokines, that each

https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
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Figure 1. Statistical analysis of various str uct ural feat ures and e vidence le v els in MFIB 2.0: ( A ) L eft: distribution of e vidence le v els in different cluster 
sizes; Right: distribution of evidence levels for all MFIB 2.0 complexes. ( B ) Characteristic calculated surface and contact features compared between 
ordered comple x es (AFIB), old (MFIB (2017)) and all MFIB entries (MFIB (2024)) (interf ace / surf ace: interf ace accessible area / surf ace accessible area, 
buried / surface: buried area / surface accessible area, interchain / all contacts: interchain atomic contacts / all atomic contacts, interchain HH: interchain 
h y drophobic-h y drophobic atomic contacts, interchain HP: interchain h y drophobic-polar atomic contacts, interchain MM: main chain-main chain atomic 
cont acts bet ween c hains). For eac h group (ordered comple x es: 548 clusters, MFIB (2017): 123 clusters, MFIB (2024): 395 clusters), the distributions of 
the mean values calculated for each cluster are shown for all the features and used for comparisons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As a novel feature introduced in MFIB 2.0, the entries are
grouped into three different evidence levels (direct evidence,
indirect evidence and insufficient evidence (candidate)) based
on the types of information supporting their MSF (Figure 1 / A,
right). ‘Direct evidence’ label was added to clusters / complexes
for which MSF is supported by experimental data proving that
all constituent protein chains only adopt a stable structure as
a result of complex formation. The following conclusive evi-
dence types were accepted as direct proof of MSF: (1) All pro-
tein chains (at least 70% of the interacting regions of the pro-
teins) have been shown to be intrinsically disordered in their
monomeric form (based on the DisProt database). (2) The
folding / unfolding of the complex was traced while changing
some environmental factor (most often the temperature or the
concentration of some denaturing agent) and the well-defined
tertiary structure of the monomers disappeared exactly when
the complex was broken up. Most annotated complexes ful-
filled this criterion by following a two-state folding / unfolding
behavior from folded oligomers to unfolded monomers, while
some had a folding / unfolding path with more than two states,
but none of those were a folded monomer. This approach
is particularly important for obligate homooligomeric com-
plexes, in which the monomers cannot be studied in isolation.
(3) The vast majority of the complex structure was made up by
a structural element, such as CC, ribbon-helix-helix or basic
helix-loop-helix that has been previously demonstrated to ac-
quire its dimeric folded structure through MSF. In such cases,
the complex received ‘Direct evidence’ label with no further 
examination required and was classified into the respective 
dedicated Class / Subclass. (4) The authors claimed that cer- 
tain features of the complex structure clearly imply that the 
isolated monomers would not be stable, e.g. because the hy- 
drophobic core of the dimer extends through the monomer–
monomer interface. 

In many cases, the above listed direct evidence was lacking,
but some characteristic features of the complex mentioned in 

relevant publications implied that it is a case of MSF. There- 
fore, complexes showing a convincing combination of the 
following features indicative of MSF (mainly based on au- 
thor statements but also on observations made by the cura- 
tors during visual inspection of the complex structures) re- 
ceived the ‘Indirect evidence’ label: (1) large relative interac- 
tion surface, (2) large and hydrophobic buried surfaces, (3) 
highly intertwined / interdigitated / intimate complex structure 
and / or extensive domain swapping, (4) beta sheet augmenta- 
tion and / or helix packing / CC / helix bundle forming interac- 
tions take place between segments of the monomers, (5) func- 
tional sites (active site, cofactor-binding site, etc.) lie on the 
monomer–monomer interface, suggesting loss of function on 

dissociation, (6) only oligomeric states detected in solution by 
dedicated biophysical methods (such as gel filtration, analyt- 
ical ultracentrifugation, dynamic light scattering, Sodiumdo- 
decyl sulphate-polyacrylamide gel electrophoresis, etc.) even 

at low protein concentrations. 
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Finally, there are some cases ( ∼5% of the database), where
he properties of the structure (interface size, types of atomic
ontacts between monomers, etc.) indicate that the complex
s likely formed through MSF, but there isn’t enough direct or
ndirect evidence to conclude on MSF. At the same time, the
urators couldn’t identify any evidence against MSF. These
omplexes received the ‘insufficient evidence (candidate)’ ev-
dence level label and can be considered as promising candi-
ates for MSF. 
In MFIB 2.0, we established the possibility to include struc-

ures with multi(sub)domain monomers, where only one of
he (sub)domains undergo MSF (see the ‘evidence coverage’
n the entry pages of MFIB 2.0). For partial MSF cases, the
complex evidence’ text describes which (sub)domain of the
omplex undergoes MSF. Partial MSF was annotated for 20%
f the entries, most often to dimers of winged helix transcrip-
ion factors that contain independently folded DNA-binding
omains and a helical dimerization domain that is typically
ormed through MSF involving CC formation and / or exten-
ive helix packing interactions. 

 comparison of the structural properties of 
omplexes formed exclusively by ordered or 
isordered protein chains 

fter finishing the manual annotation round and arriving at
he final MFIB (2024) dataset, the same set of 6 features that
ave been used for prefiltering of the data were calculated on
nd used to compare the MFIB (2024), MFIB (2017) and or-
ered complexes (AFIB set) datasets to see how much they
iffer (Figure 1 / B). The distributions of the mean values cal-
ulated for each cluster are shown for all the features and
sed for comparisons (see Supplementary Table S2 for calcu-
ated values for structures, Supplementary Table S3 for clus-
ers assignments and Supplementary Table S4 for mean cal-
ulated values for clusters). We found that both the original
nd the new release of MFIB have significantly different dis-
ributions compared to the set of ordered complexes taken
rom Mészáros et al. ( 35 ) ( Supplementary Table S5 ). Notably,
n some cases, a significant difference (with higher P-value) is
lso present between the original and the new release of MFIB.
he latter difference likely originates from the inclusion of
ulti(sub)domain complexes where only a part of the com-
lex adheres to MSF, and the inclusion of protein complexes
ased on a wider range of (direct or indirect) evidence than
reviously. However, since all entries were manually checked,
SF is certainly well supported by several lines of evidence

or all the complexes included in MFIB 2.0. 

ebpage of the MFIB 2.0 database 

here are several ways to navigate on the webpage. The
ome page describes the purpose of the database and pro-

ides crosslinks to related resources. In the browser, all entries
re visible in a compact and sortable table, with the most rel-
vant information listed: PDB id, the oligomerization state of
he assembly, source organism, evidence level and structural
sub)classes. The Protein Map enables users to search for en-
ries in a specific structural group. In the search menu, the free
ext box can be used to look for full or partial entry names,

FIB accessions, assemblies, organisms, experimental meth-
ds, classes and subclasses, PDB IDs or UniProt AC-s. 
Using these menus users can navigate to the entry page

f the structure of their interest. The entry page consists of
five panels. In ‘General information’, PDB accession and basic
structural information is shown, as well as the primary pub-
lication describing the complex. On the right side, the PDB
structure can be inspected in the molecule viewer. Informa-
tion related to the particular entry (structure, XML and JSON
formatted files) can be downloaded from here. The ‘Func-
tion and Biology’ panel holds GeneOntology (GO) annota-
tions of all three biological aspects. Only those GO terms
are listed here that were assigned for each constituting chain
of the MSF complex. The ‘Structure Summary’ panel helps
to decide whether all chains of the PDB structure partici-
pate in MSF (important if the complex is a trimer or higher
oligomer). All MSF chains are listed below: the PDB struc-
ture is mapped to their respective UniProt sequence in the
sequence viewer and secondary structure, Pfam domains are
also displayed aligned to the sequence. During the construc-
tion of MFIB 2.0, we changed how evidence was collected,
and therefore, the ‘Evidence’ panel has been extended with
new elements. Annotations in MFIB now belong to a repre-
sentative domain defining the cluster (except for clusters with
one entry). All entries are now classified into different ‘Evi-
dence levels’ (direct evidence, indirect evidence or insufficient
evidence (candidate)). While the original MFIB database in-
cluded manually modified PDB structures to have a better inte-
gration, we now always use the most probable PDBe assembly
– however when only some parts of the protein participates
in the interaction, we highlight this information in the ‘evi-
dence coverage’ section. Last, but not least, as a novel feature,
surface and contact features of the protein complex are also
displayed together with the distribution of that feature for the
whole database (Figure 2 ). At the bottom ‘Similar structures’
shows entries that were clustered together with the inspected
entry. 

Using the ’Downloads’ menu, users can download the
whole database in several formats (JSON, XML, plain txt).
PDB structures can also be downloaded here. In the statis-
tics menu we highlight some of the interesting features of
the MFIB 2.0 database, including the distribution of MFIB
data between different oligomeric states, the most represented
species or the distribution of entries between the different
evidence levels. When showing the statistics on oligomeric
states, homo- and hetero-oligomers are also distinguished,
highlighting that the vast majority of the database is consti-
tuted by homooligomers (mostly homodimers) that can be
mostly regarded as permanent / obligatory complexes, while
only < 10% of the database is made up of heterooligomers
(mostly heterodimers) that are usually transient assemblies of
proteins. A detailed ‘Help’ menu includes additional informa-
tion about MSF proteins and how information was collected
and prepared for the resource. 

Conclusion / discussion 

The original release of the MFIB database ( 25 ) contained
205 protein complexes proved to undergo MSF. MFIB has
already been used by several other resources in its origi-
nal form despite having a limited number of entries, and
to our knowledge, it has remained the sole resource focus-
ing on such data ever since its original publication. Here, a
major update to the MFIB database is presented, in which
we not only collected and annotated new cases of MSF,
achieving a more than 5-fold increase in the size of the
database, but also introduced several novel features regard-

https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
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Figure 2. La y out of the e vidence panel of MFIB 2.0 entry pages. T he ’Evidence’ section lists the f ollo wing inf ormation f or each entry: representativ e 
domain in related str uct ures (if applicable), evidence level, evidence coverage, a free text description of the evidence supporting MSF for the complex, 
e vidence f or eac h c hain (if applicable) and six histograms, visualizing six diff erent surface and contacts f eatures (histograms show the distributions of the 
calculated features for the whole MFIB dataset with the data bin where the given entry belongs being highlighted). The example shows the evidence 
panel of the MF70 0 0293 entry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ing the classification of the presented complexes (both old and
new). Besides the direct, experimental evidence supporting the
disorder / instability of the monomeric forms of the interac-
tion partners forming complexes by MSF that has been ac-
cepted in the original release of the database, a well-defined
set of indirect evidence has now been considered that were
based on author and curator statements on the architec-
ture, interface and detected solution oligomeric state of the
complexes. 

We believe that this major update of the database will
(1) remarkably increase its usability through increasing the
size of the dataset and enabling users to select subsets of
the data based on novel classifications, e.g. evidence levels,
(2) increase our understanding of the distinctive characteris-
tics of co-dependent protein chains and cooperative folding,
(3) enable the development of machine learning-based predic-
tion methods for the identification of such protein complexes
(to narrow down the curators’ work to the most promising
candidate complexes during annual database updates and to
allow future expansion of the database with predicted en-
tries labeled by a dedicated, novel evidence level), and (4)
aid the development / improvement of general protein complex
structure prediction methods, such as AlphaFold (AF) ( 48 ,49 ).
While AF seems to be an excellent predictor for protein dis- 
order ( 50 ) and conditional folding ( 51 ) and even capable to 

predict SLiM mediated interactions to some extent ( 52 ), disor- 
dered protein chains undergoing MSF and therefore appearing 
in the PDB in a stable form as part of a complex tend to fool 
all disorder prediction methods trained on the PDB, including 
those that use AF to assess flexibility. Therefore, there is cer- 
tainly room for improvement in the prediction of the struc- 
ture of protein complexes even after the publication of AF 

3, and our large, manually curated dataset could be key for 
the development of methods that can accurately handle MSF 

cases despite the two-faced behavior of the constituting pro- 
tein chains. 

Data availability 

All data can be freely downloaded from the public webpage 
of the MFIB 2.0 database, which is accessible at https://mfib. 
pbrg.hu . 

Supplementary data 

Supplementary Data are available at NAR Online. 

https://mfib.pbrg.hu
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkae976#supplementary-data
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