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ABSTRACT

Fuzzy interactions are specific, variable contacts be-
tween proteins and other biomolecules (proteins,
DNA, RNA, small molecules) formed in accord to
the cellular context. Fuzzy interactions have recently
been demonstrated to regulate biomolecular conden-
sates generated by liquid-liquid phase separation.
The FuzDB v4.0 database (https://fuzdb.org) assem-
bles experimentally identified examples of fuzzy in-
teractions, where disordered regions mediate func-
tionally important, context-dependent contacts be-
tween the partners in stoichiometric and higher-
order assemblies. The new version of FuzDB estab-
lishes cross-links with databases on structure (PDB,
BMRB, PED), function (ELM, UniProt) and biomolec-
ular condensates (PhaSepDB, PhaSePro, LLPSDB).
FuzDB v4.0 is a source to decipher molecular basis
of complex cellular interaction behaviors, including
those in protein droplets.

INTRODUCTION

Specific molecular recognition is traditionally related to
well-defined interaction patterns, using the framework of
the classical structure-function paradigm. It is increasingly
recognized, however, that biomolecular interactions adapt
to the cellular conditions (1,2), and may vary according
to cellular compartment (3), posttranslational modification
(4) or stress (5). Recent advances in structure determination
methods, both experimental (6) and computational (7,8)
approaches focusing on the ensemble character of protein
conformations indicate that conformational heterogeneity
in protein assemblies is more ubiquitous than previously
thought (9) (and Curr Opin Struct Biol vol 56). This is due
to structural and biophysical studies carried out (i) using
full proteins and not truncated constructs (ii) in the pres-
ence of functionally relevant posttranslational modification

sites and/or interaction partners, (iii) on large assemblies
(e.g. cryo-EM), (iv) using physiologically relevant condi-
tions (e.g. in solution by NMR, FRET) as well as due to
the improved quality of the deposited protein structures in-
cluding multiple rotamers/conformers (e.g. X-ray crystal-
lography). Accumulating experimental results thus suggest
that conformational heterogeneity is general in complexes
formed by disordered proteins and is frequently observed in
assemblies of structured proteins. Such structural diversity
is coupled to variable interactions at the interface, or dy-
namic, transient interactions, which significantly influence
the binding properties via modulating the orientation and
coordination of structured domains (10–12).

Fuzzy interactions also regulate the formation of a
wide range of non-stoichiometric, higher-order assemblies
(13,14), including biomolecular condensates (15,16). Re-
cent experimental and computational results evidence con-
formational heterogeneity in droplets as observed in elastin
(17) or Fus (18). Condensates are stabilized by disor-
dered interactions, involving many binding configurations
between redundant motifs, which can be used to pre-
dict droplet-forming propensities from sequence, as imple-
mented by the FuzDrop method (19). Such interactions are
also influenced by posttranslational modifications (20) or
RNA binding (21) in accord with their cellular context-
dependence to induce condensate assembly/disassembly.
Interactions via redundant motifs enable coordination
between many factors via weak, variable contacts, as
exemplified in the eukaryotic transcriptional machinery
(22). Interaction fuzziness is a major driver of the ma-
terial state conversion of liquid-like condensates (23,24).
Computational results indicate that interactions with
many binding configurations are widespread in eukaryotic
proteomes (19).

These results prompt for a relationship between confor-
mational properties of fuzzy assemblies and their biologi-
cal activities (25). The context-dependence of interactions
leading to distinct biological outcomes upon minor per-
turbations of the heterogeneous ensemble (26) presents a
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challenge for the classical structure-function paradigm (2).
To facilitate development of a stochastic relationship, the
FuzDB database was launched in 2016 (27). The database
assembled disordered protein assemblies, with experimen-
tal evidence for conformational heterogeneity upon bind-
ing to a specific partner (27). The database linked struc-
tural data to the impact on biological activity, demon-
strated by changes in function (e.g. binding affinity, speci-
ficity, enzymatic or transcription activity, signaling out-
come) upon modifying the fuzzy region (truncation, mu-
tation, removal). Coupling structural and functional data
therefore not only provided experimental evidence for the
biological relevance of fuzzy interactions, but also gave in-
sights into their molecular mechanisms (28).

The FuzDB database facilitated the discovery and char-
acterization of fuzzy protein assemblies. In addition, the
data was used to develop bioinformatics algorithms for
predicting complex interaction behaviors from sequence
(29,30). The experimental data accumulating with rapid
pace motivated the update the FuzDB database. In ad-
dition, the wide interest in biomolecular condensates and
interactions driving their formation require establishing
connections between high-resolution structural data and
experimental evidence for liquid-liquid phase separation.
The FuzDB v4.0 assembles biomolecular assemblies, where
fuzzy interactions mediate specific partnerships of proteins
with an impact on biological activity. The FuzDB v4.0
database has been renamed (FuzDB: database of fuzzy in-
teractions) and moved to a new site (https://fuzdb.org). It
has been completely re-designed into a more user-friendly
manner and it is now fully interoperable with easier ac-
cess to data, cross-links to structural as well as functional
databases, including those of biomolecular condensates.

MATERIALS AND METHODS

Assembly of structural data

Solution structures of protein complexes, which were de-
termined by NMR, were collected from the Protein Data
Bank (PDB) (31). Assemblies were defined based on the
presence of multiple chains, including both homomeric or
heteromeric complexes. Fuzziness was defined based on the
structural disorder of the interacting residues. Residues me-
diating physical contacts with the partner were determined
by the RING software (32) using a distance thresholds and
geometrical parameters optimized separately for different
types of interactions (H-bonds, ionic, pi–pi, pi–cation, Van
der Waals, disulfide bridges). Protein residues forming the
interface were classified as mobile and non-mobile based on
changes in local conformation within the same NMR en-
semble using the MOBI software (33). In case both inter-
acting chains were classified as disordered, these were con-
sidered as fuzzy proteins and handled as separated entries.
RING and MOBI outputs were available in MobiDB and
candidates PDB complexes were identified by querying the
database.

This selection process used for the new entries in
FuzDB v4.0 can only be applied to conformational ensem-
bles. These were based on NMR data, which was com-
plemented by additional experimental information (SAS,

SAXS, FRET), or computational data from the Protein
Ensemble Database (PED) (34). Complexes of disordered
proteins or regions annotated in DisProt (35), were only
considered if structural evidence for disorder in the bound
state was available. In case a disordered region folded into
a unique structure upon interacting with the partner, it
was excluded from FuzDB. Structural data was used as de-
posited in the databases of origin, no post-processing was
carried out.

Assembly of functional data

Biological activity of the protein was automatically derived
from UniProt (36) and manually curated for some of the en-
tries based on literature. The classified functional peptide
motifs, (linear motifs), located in conformationally hetero-
geneous regions were derived from the Eukaryotic Linear
Motif (ELM) database (37). Linear motifs were only assem-
bled in case they were experimentally defined, i.e. true posi-
tive instances in ELM. In addition, posttranslational mod-
ification sites in the conformationally heterogeneous region
were collected from the UniProt database.

Assembly of condensate information

The ability of FuzDB proteins to undergo liquid-liquid
phase separation was assessed based on three databases: the
PhaSepDB database (http:/db.phasep.pro) (38), which con-
tains proteins from the literature with in vivo and in vitro
experimental data on liquid-liquid phase separation, pro-
teins from UniProt associated with known membraneless
organelles, and proteins identified by high-throughput ex-
periments of liquid–liquid phase separation. The PhaSe-
Pro database (https://phasepro.elte.hu) (39), which identi-
fies protein regions associated with liquid–liquid phase sep-
aration and the LLPSDB database (http://bio-comp.org.cn/
llpsdb) (40), which assembles proteins observed to undergo
in vitro liquid–liquid phase separation under well-defined
experimental conditions. We have used all proteins reported
in these datasets, including both droplet-drivers, which can
spontaneously phase separate and droplet-clients, which re-
quire additional components to partition into biomolecular
condensates. When the information is available, for example
in PhaSepDB and PhaSePro, the boundaries of the droplet-
promoting regions are also reported.

DATABASE DESCRIPTION

Definition of fuzzy interactions

Fuzzy interactions are defined as context-dependent inter-
actions (28), where contact patterns change with the cellular
conditions. Fuzzy interactions are often mediated by disor-
dered regions (1,10), with an impact on the biological activ-
ity of the protein or the respective assembly.

Fuzzy interactions are not defined based on previously
proposed molecular mechanisms (10–12), as in higher-order
assemblies these scenarios are not available due to the lack
of high-resolution information. Dynamic interactions were
only included in the database only in case the accompanying
functional information was also available.

https://fuzdb.org
http://arxiv.org/abs/http:/db.phasep.pro
https://phasepro.elte.hu
http://bio-comp.org.cn/llpsdb
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Data sources and processing

The primary source of all new entries is the Protein Data
Bank, based on structural analysis of disordered, heteroge-
neous interactions (Materials and Methods). The data from
the PDB is analyzed by the RING and MOBI software, and
the filtered data is used without modifications (Materials
and Methods). The 110 entries in the earlier versions (27),
have been updated using new cross-links (see below).

The structural information from the Protein Data Bank
on the protein assembly is complemented by experimen-
tal information on the free form derived from the DisProt
database. In addition, structural data on the conforma-
tional ensemble from the Protein Ensemble Database in-
cludes a combination of experimental and computational
methods. Cross-links to PED inform on compactness and
variability in secondary structure population.

Functional regions include conserved domains from
Pfam (41). Functional motifs, such as annotated short lin-
ear motifs and posttranslational modification sites in the
fuzzy region are derived from the UniProt database and
ELM (Materials and Methods). We use only experimentally
identified instances of short motifs from all functional cate-
gories. The impact of the fuzzy interaction on the biological
activity is described based on the literature. This informa-
tion is primarily derived from the publications associated
with the structural data in PDB and complemented by ad-
ditional literature for functional studies. The literature was
manually curated in case of each entry.

Each FuzDB entry associates the structural information
from PDB and the functional data from literature. The two
data types jointly evidence interaction fuzziness and the dif-
ferent biological outcomes related to diverse binding modes.

The ability to form biomolecular condensates via liquid-
liquid phase separation is a novel functional aspect of fuzzy
assemblies. This is not criteria to qualify for a FuzDB en-
try, rather a useful feature for analysis (see below). Cross-
links are established with PhaSepDB (http:/db.phasep.pro),
PhaSePro (https://phasepro.elte.hu), and LLPSDB (http://
bio-comp.org.cn/llpsdb) databases. Based on the informa-
tion provided in the original sources, FuzDB defines the role
of the protein in condensates. Proteins, which were observed
to undergo liquid-liquid phase separation in vitro without
additional partners are classified as drivers. All other pro-
tein components of membraneless organelles are defined as
clients.

Database organization

FuzDB has a modular organization. The homepage dis-
plays a brief description of the phenomenon and provides
links to the Browse, Help, Tutorial, Fuzziness and Refer-
ences pages, which are also displayed in the top bar.

The homepage displays a Search field for simple text
or more advanced combinations of terms. The statistics
on the database entries provides information on both
the number of assemblies and proteins. The homepage
points to the FuzPred/FuzDrop server (http://protdyn-
fuzpred.org) for prediction of fuzzy interactions and
the probability to form biomolecular condensates from
sequence.

The Browse page displays the Table of Entries (Figure 1),
which contains the core information on each entry, such as
the identifier, protein name as in UniProt, the UniProt iden-
tifier, definition of the fuzzy region(s), structure identifier
in PDB, LLPS identifier in specific dataset of biomolecular
condensates, reference of the PDB structure, or key refer-
ence for the functional impact of fuzzy interactions. Each
FuzDB identifier opens an associated Entry page. In the
Browse page, it is possible to search for specific fields like
protein name, cross-reference identifiers (UniProt, PDB,
BMRB, ELM, PhaSepDB, LLPSDB, PhaSePro), detection
method, biological function, structure properties and sig-
nificance. The last three elements are manually curated text
fields.

The Help page provides tools for Application Program-
ming Interface, such as query parameters, controlled vo-
cabularies on experimental techniques (42). The Tutorial
page gives guidelines for defining fuzziness of the assembly
and deriving structure-function relationships. The Fuzzi-
ness page displays some key questions related to the concept
of protein fuzziness and lists topology-based (10) and mech-
anistic classifications (12) of fuzzy assemblies. The Refer-
ences page lists the citations on various aspects of fuzziness,
such as the concept, the molecular mechanisms of fuzzy in-
teractions, higher-order structures, and methods to predict
interaction behaviors from sequence.

The Entry page

The Entry page provides detailed information about the
protein and its assembly (Figure 2). The information avail-
able on the page is summarized in the top right.

The title displays the Entry identifier and the protein
name as reported in UniProt. On the top, the sequence
viewer panel shows the location and sequence of fuzzy re-
gions as well as the embedded the linear motifs and other
posttranslational modification sites.

The Function section provides information on the bio-
logical activity of the protein and the assembly, based on
UniProt. The Functional sites section summarizes the con-
served protein domains (43) and the functional motifs in
the fuzzy region based on UniProt and the ELM database.
The posttranslational modification sites (from UniProt) in
the fuzzy region are listed in a separate table, which can be
expanded by clicking the tab below.

Information on condensates is a novel functional feature
in FuzDB v4.0. The evidence for undergoing liquid-liquid
phase separation as a driver or participating in biomolecu-
lar condensates as a client is derived from the PhaSepDB,
PhaSePro and LLPSDB databases and the corresponding
cross-links are shown.

The Structure section lists the regions, which remain con-
formationally heterogeneous in the specific assembly as ob-
served by the given structure-determination method. Struc-
ture identifiers in the PDB, DisProt and PED databases
and the corresponding references are listed. These pro-
vide a comprehensive description of the conformational
ensemble of the protein in its free form (DisProt) and
in the bound complex (PDB, PED). The structure panel
contains a structure viewer by Mol* (44), which is high-

http://arxiv.org/abs/http:/db.phasep.pro
https://phasepro.elte.hu
http://bio-comp.org.cn/llpsdb
http://protdyn-fuzpred.org


D512 Nucleic Acids Research, 2022, Vol. 50, Database issue

Figure 1. FuzDB Browse page. A Table of Entries (by default 20 entries/page) is shown with the following columns: FuzDB identifier, protein name as
reported in the corresponding UniProt entry, the UniProt identifier, definition of the fuzzy region(s), structure identifier in the PDB, LLPS identifier in
specific dataset of biomolecular condensates, and the key references for structure and function. By clicking on each FuzDB identifier the user can access
the Entry page (Figure 2). The Search can be performed for free text in all fields, entry ID, protein name, UniProt identifier, structure identifier, detection
method, partner protein, LLPS and ELM reference, and biological description. The Download on the top-right side is available for whole database or a
selected subset of protein(s) in JSON, TSV, FASTA, XML and TXT formats.
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Figure 2. FuzDB Entry page. The page is organized in different sections which are summarized in the right side (top). The top of the page shows the entry
identifier and title as reported in UniProt. The feature viewer displays the fuzzy region/s, short linear motifs (SLiMs) and posttranslational modification
sites (PTMs) mapped on the UniProt protein sequence. Sequence viewer highlights the amino acids involved in the fuzzy region/s. The Function section
provides information on the biological activity based on the UniProt database. The Functional sites section lists the evolutionary conserved protein domains
and short linear motifs (SLiMs) located in the fuzzy region/s. The boundaries of the functional regions, database cross-links and PubMed identifiers are
also displayed. The Posttranslational modification site section displays the PTMs in the fuzzy region. Only the first 5 are shown, and the list can be
expanded. The Condensate section lists the evidence to form biomolecular condensate either as driver or client and provide cross-links to the PhaSepDB,
PhaSePro and LLPSDB databases. The Structure section lists the region/s that remain heterogeneous in the bound state based on experimental structure-
determination. The table shows cross-links to PDB, PED and DisProt databases and the corresponding PubMed identifier/s. The Significance section
summarizes the biological impact of fuzzy interactions on the biological activity.
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Table 1. Application areas of FuzDB

Area Specific problems

Structure-Function
Analysis (structural
biology)

Fuzzy complex discovery, experimental
methods
Structural characterization of fuzzy
regions
Molecular mechanisms of fuzzy
interactions
Structure-function relationships

Sequences Codes
(evolutionary biology)

Sequence motifs in context-dependent
interactions
Protein domains associated with fuzzy
regions
Evolutionary conservation in fuzzy
regions
Co-evolutionary signatures in fuzzy
partnerships

Biomolecular
Condensates (cell biology)

Contact amino acid types
Contact patterns, frequencies
Client interaction motifs

Regulatory Motifs
(systems biology)

PTMs associated with fuzzy
interactions
Structural features related to
context-dependence
PTMs driving higher-order
organization of proteins

Method Development
(bioinformatics)

Prediction of context-dependent
interactions
Prediction of condensates, drivers and
clients
Prediction of droplet hot-spots

lighted above the image. The structure can be rotated,
moved, zoomed and the individual conformers can also be
visualized.

The Significance section is a brief description of the bio-
logical impact of fuzzy interactions.

Database updates

An automatic update of the Uniprot-based information is
performed regularly. Updating the database will be per-
formed in each 6 months, using the automated structure
analysis routine (Materials and Methods). These updates
will follow the growing number of entries in the biomolec-
ular condensate databases. An independent source for up-
dates will include lower resolution structures, which are not
deposited in PDB, but the experimental data is available in
Biological Magnetic Resonance Data Bank (BMRB (45)).
The third source for new database entries will be litera-
ture search, based on reported fuzzy interactions in spe-
cific assemblies. All entries in the updates will be manually
curated.

Using FuzDB

The FuzDB v4.0 database can be used for (Table 1) (i) the
discovery of fuzzy complexes and their experimental analy-
sis; (ii) the comparative analysis of fuzzy assemblies; (iii) the
analysis of interactions in biomolecular condensates; (iv)
the analysis of motifs regulating fuzzy interactions; (v) the
development of sequence-based methods to predict cellular
interaction behaviors and formation of biomolecular con-
densates.

Identification fuzzy complexes and methods for experimental
analysis

Fuzzy interactions are difficult to detect using traditional
structure determination methods (46,47). FuzDB v4.0
database provides detailed insights into the structure de-
termination process of fuzzy assemblies via cross-links to
spectral data in BMRB, PDB and PED as well as the cor-
responding references. All these data may guide the exper-
imental characterization of the conformational ensembles
of potential fuzzy assemblies in particular, in case of con-
siderable sequence similarity or evolutionary relationship,
common partner or functionality with entries already avail-
able in the database. The recognition of the phenomenon
of fuzziness facilitates the analysis of segments, which ex-
hibit considerable spatial and temporal variations in specific
contacts with the partner. Based on the analyzed examples,
structure-function relationships can be derived (Figure 3).

Comparative analysis of fuzzy assemblies

Our knowledge on the biophysical forces driving to-
wards well-defined or heterogeneous interactions is incom-
plete. Furthermore, many proteins exhibit different bind-
ing modes depending on the partner and cellular condi-
tions (28,29). FuzDB also contains different assemblies of
the same protein, which can be analyzed for the underlying
sequence codes. Comparative analysis informs on the struc-
ture and binding characteristics related to distinct recogni-
tion modes. The impact of the interacting partner on the
different binding modes can be studied, dissecting intrin-
sic and extrinsic factors for distinct behaviors. In addition,
comparative analysis of fuzzy regions can be used to derive
evolutionary relationships. In case of low sequence similar-
ity, evolutionary relationships can be indicated based on
similar dynamical characteristics (48). The association of
protein domains with fuzzy regions can also be systemat-
ically investigated.

Analysis of interactions in biomolecular condensates

Understanding the molecular organization of biomolecu-
lar condensates requires high resolution structure analysis,
which is problematic due to high concentration, variable
stoichiometry and conformational heterogeneity (17,49).
Biophysicists and cell biologists working on liquid-liquid
phase separation aim at identifying sequence motifs driv-
ing formation of biomolecular condensates under healthy
and pathological conditions. FuzDB v4.0 highlights those
assemblies, which were also identified as components of
biomolecular condensates. These fuzzy, stoichiometric as-
semblies are likely stabilized by similar interactions, which
also operate in higher-order assemblies and thus can help
deciphering the biophysical driving forces of condensate in-
teractions. In this manner, FuzDB can be used to obtain
detailed information on variable, dynamic contacts of pro-
tein regions, which also promote formation or stabilize con-
densates. Thus, fuzzy assemblies inform on geometrical fea-
tures, stability and variability of contacts, amino acid types
and networks in condensates. Increasing evidence for con-
densate formation will underscore the potential of FuzDB
in this direction.
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Figure 3. Fuzzy interactions by KRAS control the signaling outcome of the MAPK pathway (FC00179). Activation of RAF by KRAS is achieved via
shifting its conformation equilibrium in the membrane-bound form (50). In state A (PDB:6pts), �4-�5 of KRAS and the RAF cystein-rich domain (CRD,
green) interacts with the membrane surface, while the RAF RAS-binding domain (RBD, blue) is distant from the membrane. In state B (PDB:6ptw), the
RAF RBD approaches the membrane surface, enabling KRAS �4-�5 separation. The exposed KRAS �4-�5 induces dimerization leading to enhanced
MAPK signaling activity. Cancer mutations stabilize state B resulting in more active MAPK signaling. KRAS residues involved in fuzzy interactions are
shown by orange, RAF residues are cyan. Loop residues 106KGKKAR111 distinguished in the conformational transition are shown in red.

Analysis of motifs regulating fuzzy regions

FuzDB lists the posttranslational modification sites (from
UniProt), which are located within fuzzy regions. PTMs (i)
can modulate the conformational properties of the ensem-
ble for partner recognition (ii) can mediate specific contacts
or (iii) enable selectivity for given sequence contexts. Large-
scale analysis of the database can identify those posttrans-
lational modifications, which are frequently associated with
fuzzy interactions. This information can also be projected
to large-scale protein interaction networks or phosphopro-
teomic data (50).

Development of sequence-based methods to predict interac-
tion behaviors and biomolecular condensates

FuzDB facilitated the development of the FuzPred method
to identify protein regions, which undergo disorder-to-
order transition or disorder-to-disorder transition upon
binding (30). Such prediction can be performed using the
sequence of the protein, without specifying the binding
partner. In addition, one can estimate the likelihood to
change the preferred binding mode, i.e. protein regions,
which can sample both ordered and disordered interactions
(29). These principles have been exploited for developing
the FuzDrop method to predict droplet-promoting regions

driving protein liquid–liquid phase separation (19) and hot-
spots for conversion of droplets to fibrillar aggregates (24).
The growing size of the database facilitates optimization of
the current predictors, as well as the development of novel
ones, in particular for interactions in biomolecular conden-
sates. A negative dataset for training prediction methods
can be assembled for example based on DisProt entries,
which were not included in FuzDB database. In addition,
the computational algorithms used to define FuzDB entries
(Materials and Methods) can be applied to automatically
generate both positive and negative datasets for prediction
method training.

Example of a FuzDB entry and significance of the fuzzy in-
teraction

FC00179 illustrates how fuzzy interactions in different con-
formational sub-states lead to distinct biological activities.
KRAS is a small GTPase involved in MAPK signalling,
and activates RAF kinases via dynamic, multivalent in-
teractions. In particular, KRAS is anchored to the mem-
brane via a canonical lipid-binding site, and an alterna-
tive interface, the variations of which result in two func-
tional states for the KRAS/RAF complex (50) (Figure 3).
In state A (PDB:6pts), �4–�5 of KRAS interacts with the
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membrane surface, while the �2–�3 loop interacts with the
RAF cystein-rich domain (CRD). In contrast, in state B
(PDB:6ptw), membrane interactions are dominantly medi-
ated by the RAF RAS-binding domain (RBD, �3–�4 loop),
which was distant from the membrane in state A. Conse-
quently, the KRAS �4–�5 separates from the membrane in
state B and its exposure induces KRAS dimerization lead-
ing to enhanced signaling activity. Cancer mutations stabi-
lize state B resulting in more active MAPK signaling. Over-
all, the fine-tuned fuzzy interactions control the conforma-
tional equilibrium of the ternary complex and the signaling
outcome (50).

CONCLUSIONS AND PERSPECTIVES

The advances in structure determination techniques pro-
vide deeper insights into the complexity of conformational
and interaction behaviors of proteins, in particular, within
the context of functional partners or under cellular con-
ditions. These rapidly accumulating results highlight the
importance to reformulate the classical structure-function
paradigm as a relationship between ensembles of confor-
mations and functions (1,2). Such links should reveal how
structural heterogeneity with the functional partner leads to
distinct biological outcomes. These efforts require the struc-
tural analysis of the underlying conformational ensembles
as well as functional data on protein variants, under differ-
ent cellular conditions.

FuzDB facilitates the development of such context-
dependent structure-function relationships. The database
establishes direct experimental evidence between conforma-
tional heterogeneity of protein assemblies and their bio-
logical impact. FuzDB v4.0 provides cross-references for
individual or comparative analysis of proteins and pro-
tein regions involved in fuzzy interactions. Furthermore,
the cross-links to databases on biomolecular condensates
are available, highlighting the importance of fuzzy interac-
tions in liquid-liquid phase separation. In addition, FuzDB
provides high-resolution structural information on droplet-
forming regions. The database will be expanded using ex-
amples, which were determined by cryo-EM or based on
literature, without structure deposited in PDB. FuzDB v4.0
will be linked to the new version of the FuzPred/FuzDrop
server, which is in the process of being moved to University
of Padova.

Increasing recognition of conformational heterogeneity
and multifunctionality of proteins will make FuzDB as a
useful resource for elucidating the biophysical principles
and sequence codes of complex cellular interaction behav-
iors.
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