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ABSTRACT

The CORUM database has been providing compre-
hensive reference information about experimentally
characterized, mammalian protein complexes and
their associated biological and biomedical proper-
ties since 2007. Given that most catalytic and reg-
ulatory functions of the cell are carried out by pro-
tein complexes, their composition and characteriza-
tion is of greatest importance in basic and disease
biology. The new CORUM 4.0 release encompasses
5204 protein complexes offering the largest and most
comprehensive publicly available dataset of manu-
ally curated mammalian protein complexes. The CO-
RUM dataset is built from 5299 different genes, rep-
resenting 26% of the protein coding genes in hu-
mans. Complex information from 3354 scientific ar-
ticles is mainly obtained from human (70%), mouse
(16%) and rat (9%) cells and tissues. Recent cura-
tion work includes sets of protein complexes, Func-
tional Complex Groups, that offer comprehensive
collections of published data in specific biological
processes and molecular functions. In addition, a
new graphical analysis tool was implemented that
displays co-expression data from the subunits of
protein complexes. CORUM is freely accessible at
http://mips.helmholtz-muenchen.de/corum/.

INTRODUCTION

Cellular systems in mammals can be viewed as the prod-
uct of ~20 000 individual protein-coding genes acting in
concert to carry out catalytic, structural and regulatory
functions. Coordination is orchestrated through protein-
protein interaction networks that assemble functionally re-
lated gene products into structures such as protein com-
plexes and organelles. Therefore, it is of central interest to-

wards a better understanding genotype-phenotype relation-
ships to obtain knowledge about all protein complexes in
living cells.

A first high-throughput approach in an eukaryotic organ-
ism was performed in Saccharomyces cerevisiae and defined
232 distinct multiprotein complexes (1). Recent proteomic
experiments discovered a human protein complex map con-
sisting of 6965 different complexes (2). Other approaches
are tackling the complete human interactome (3). All these
large-scale affinity-purification mass spectrometry analyses
require benchmark datasets for evaluation.

In previous decades, thousands of protein complexes
from mammalian organisms have been characterized in in-
dividual experiments with respect to subunit composition
and cellular function. The CORUM database offers the
largest publicly available compendium of manually curated
mammalian protein complexes based on experimental re-
sults from the literature (4). It served as resource and bench-
mark for all above mentioned major endeavors for the char-
acterization of the human interactome and proteome.

With the new release CORUM 4.0 we further extended
the dataset to 5204 protein complexes. In the first releases
our aim was to cover a broad spectrum of protein com-
plexes from different areas. A representative set of com-
plexes is a requirement to serve as reference dataset for
large-scale approaches for investigating the mammalian
complexome, for the development of data analysis tools
(5) and for analysis of experimental data from different
kinds of diseases such as cancer (6). With the new CO-
RUM 4.0 release we also provide sets of protein complexes,
Functional Complex Groups (FCGs), that offer compre-
hensive collections of published data in specific biological
processes and molecular functions. In addition, a graphical
analysis tool was implemented that displays co-expression
data from the subunits of protein complexes. The tool is
based on the Cytoscape javascript (7), an open-source li-
brary for visualizing complex networks, and uses data from
the STRING server. CORUM is freely accessible at http:
//mips.helmholtz-muenchen.de/corum/.
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Figure 1. Data growth in CORUM. The plot compares the data content of CORUM versions 1.0, 2.0, 3.0 and 4.0. It includes the number of articles that
were used to create the datasets, the total number of protein complexes as well as the total number of different proteins that are found in the dataset.

RESULTS AND DISCUSSION
Extended content and application of CORUM

Compared with the CORUM 3.0 release (4) the number of
protein complexes was further increased from 4274 to 5204
(Figure 1). One particular goal was to cover the mammalian
proteome more extensively. As a result, the CORUM 4.0 re-
lease now includes 5299 different proteins representing ca.
26% of human protein coding genes (19.969) (8). Analysis
of the yeast interactome network showed that subunits of
protein complexes are likely to be essential (9). In the CO-
RUM dataset, a substantial proportion of proteins (30%)
are found as subunit of more than one protein complex.
Proteins such as Integrin beta-1 and histone deacetylase 1
are subunits in as many as 60 and 76 protein complexes,
respectively (Figure 2). Reutilisation of subunits is an ex-
tensively used feature in mammalian cells to increase the
functionality of individual proteins. The mitotic checkpoint
protein BUB3 for example, is not only involved in chromo-
some segregation (Mitotic checkpoint complex; complex-
ID 190), but is also part of the spliceosome A complex
(complex-ID 8372) which is involved in RNA processing.
With the curation of more protein complexes and progress
in human complexome research the number of multiply
used complex subunits will increase significantly. Compared
with the CORUM 3.0 release, the number of proteins found
in at least two different complexes increased from 2630 to
3250 in CORUM 4.0 and the fraction of reused proteins in-
creased from 59% to 61%, respectively.

Another option of cells providing protein complexes with
different functions is the utilisation of isoforms (splice vari-
ants). Driven by progress in mass spectrometry technology
there is an increasing number of publications where particu-
lar isoforms of complex subunits were identified. Hence, we
are now also annotating isoform information in CORUM

if the respective information is available (e.g. complex 7590:
CASP2(S isoform)-SPTAN1 complex). Similar to isoforms,
we also provide information about post translational pro-
cessing (see complex ID 7529).

In order to streamline to content of the dataset we re-
moved protein complexes with identical subunit composi-
tion from the same organism which have been characterized
in more than one publication or by different methods. As a
consequence, we do not offer a core set any more. Compared
with the previous release, the distribution of organisms as
source of protein complex analysis has not changed consid-
erably. The vast majority of complexes was characterized in
human cells with 70% (3637) followed by 16% mouse (847)
9% rat (461).

An important application of the CORUM dataset is dis-
ease research. About one third of citations from the latest
CORUM article is dedicated to disease research. These in-
clude various applications such as databases (10), tools that
develop clinical biomarkers (6), or the analysis of experi-
mental data (11). The largest fraction of covered diseases is
cancer, some applications with a broad coverage of cancer
types (6), others analyzed data from particular cancer types
such as head and neck cancer (12) or ovarian cancer (13).
Moreover, the CORUM dataset is also used for infectious
diseases such as the recent COVID-19 pandemic. Here, pro-
tein complex information is being used in landmark publi-
cations to discover host-pathogen interactions and to reveal
targets for drug repurposing (14-16).

Diseases are often caused not by dysfunction of individ-
ual proteins but by deregulated protein complex function.
Examples are the spliceosome in cancer (10) and the pro-
teasome in neurodegenerative diseases (17). OMIM is a re-
source offering extensive information on proteins causing
inherited diseases (18). Since results in Mycoplasma and
yeast found that almost 90% of soluble proteins were part
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Figure 2. Reuse of proteins in mammalian protein complexes. The number of proteins (y-axis) participating in a particular number of complexes (x-axis)
is plotted. There are for example 740 proteins, which are subunits in three protein complexes in the CORUM 4.0 dataset.

of at least one complex (19) it is tempting to speculate that
in many instances the ctiology of human diseases is asso-
ciated with dysfunctional protein complexes. In order to
present information about the potential influence of sub-
units on diseases, we linked OMIM information about as-
sociated diseases with all proteins in the CORUM dataset
where respective information was found. This information
offers the opportunity to predict disease-associated protein
complexes. In the ‘Intraflagellar transport complex B pe-
ripheral subcomplex’ (complex-ID 6174) for example, mu-
tations in four out of six subunits were found to cause skele-
tal anomalies. For the two subunits CLUAP1 and IFT20, so
far no diseases are reported in OMIM. If in children with
skeletal development defects no mutations are found in the
genes known for this phenotype, causative mutations might
be found in CLUAP1 or IFT20. Results from the literature
support this hypothesis: IFT20 is involved in the craniofa-
cial bone formation in mouse (20) and in a case study it was
found that biallelic mutations in CLUAPI1 cause craniofa-
cial anomalies (21).

In addition to various kinds of data analyses, CORUM
became a broadly used information resource which is ap-
plied in more than 50 biomedical databases and research
tools (Supplementary Table S1). Beside CORUM, few other
sources offer curated information on protein complexes in
mammals. Respective data can be found in the ‘cellular
component’ section of the Gene Ontology (22), as part of
molecular pathways in the Reactome database (23) or in the
Protein Complex Portal (24). The Complex Portal also of-
fers protein complex information for other organisms than
mammals. Different to the Complex Portal, CORUM does

not transfer information between organisms but only of-
fers data from the organismal resource that has been anal-
ysed in respective publications. Another distinction between
the two resources is that CORUM does not annotate non-
protein components from protein complexes.

Description of functional complex groups

As shown above, there are multiple experimental and bioin-
formatics approaches trying to achieve a complete repre-
sentation of the cellular machinery. To obtain an estimate
about the completeness of the results requires reference
datasets which are comprehensive, at least based on cur-
rent knowledge. Also, for the analysis of high-throughput
data with a medical context it is valuable information to
know if a biologically meaningful group of complexes is
overrepresented in a disease condition. Hence, we started
to annotate groups of protein complexes belonging to a bi-
ological process or the same molecular function (Figure 3).
The compilation of these groups, so called functional com-
plex groups (FCGs), is oriented on terms from the Gene
Ontology (22).

The FCG ‘Potassium ion transmembrane transport’ for
example covers a group of protein complexes playing im-
portant roles in vital cellular signalling processes in both
excitable and non-excitable cells. Naturally occurring mu-
tations in various K(+) channels cause cardiovascular, neu-
rological or metabolic diseases (25). In the field of car-
diac arrhythmias for example there are considerable efforts
to modify potassium channel activity with chemical com-
pounds such as PUFA analogs (26).
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Functional Complex Groups

Functional Complex Groups (FCGs) are a collection of protein complexes belonging to a common pathway or molecular function. Usually, FCGs are
associated with a Gene ontology term.

Transport

Nuclear transport
Potassium ion
transmembrane
transport
Mitochondrial protein
import

Intraciliary transport
Vesicle-mediated
transport

40 complexes
39 complexes

28 complexes

20 complexes
81 complexes

Organelle organization

Cilium assembly
Cilium movement

64 complexes
8 complexes

Sensory system

Visual perception 35 complexes

Immune system

Toll-like receptor 41 complexes

signaling
Inflammasome 25 complexes
RIG-I-like receptor 32 complexes
signaling

Modulation by
pathogen of host
process

32 complexes

Genetic information processing

Spliceosome 5 complexes

Signaling molecules and interaction

Cell adhesion
mediated by integrin

17 complexes

Figure 3. Dataset of functional complex groups (FCGs) in CORUM. The homepage shows available FCGs and the respective number of members.

Most of the mitochondrial proteins are encoded by nu-
clear DNA and their precursors have to be transported
into the mitochondria. The FCG ‘Mitochondrial protein
import’ describes the set of complexes that perform this
process. Pathological effects of e.g. TOM (mitochondrial
outer membrane) and TIM (mitochondrial inner mem-
brane) complex dysfunctions affect the protein import into
mitochondria and are associated with Alzheimer’s disease
where it results in an inhibition of respiratory complexes
and finally in an increased level of reactive oxygen species
(27).

Non-motile (primary) cilia are sensory organelles, that
transduce signals from the environment or from other cells,
motile cilia move extracellular fluids like cerebrospinal fluid
or propel sperm cells. The FCG ‘Cilium assembly’ com-
prises complexes like the CPLANE complex, the intraflagel-
lar transport complexes IFT-A and IFT-B, or the BBSome
(28) which interact in the generation of cilia. As cilia are
found in most vertebrate cell types, there is a wide range
of clinical features associated with disorders caused by al-
teration of cilia structure or function, the so called cil-
iopathies (28). Mutations in the subunits of the CPLANE,
IFT-A, IFT-B and BBSome complexes can cause diseases
like Bardet-Biedl syndrome, Short-rib thoracic dysplasia,
Retinitis pigmentosa, Nephronophthisis or Spermatogenic
failure, which reflect the broad spectrum of phenotypes as-
sociated with ciliopathies.

For the investigation of various biological systems, the
scientific community established the use of particular mam-
malian model organisms, for example rat for potassium ion
transporters. However, as no organism covers all known
protein complexes in a field and we aim to be as complete as
possible, FCGs are a collection of complexes from different
organisms. If a protein complex has been characterized in
different organisms, we preferably use representatives from

human cells or tissues. FCGs and the number of represen-
tatives are shown on the homepage (Figure 3) and can be
viewed via hyperlink. In addition, FCGs are available as
download in table format.

Co-expression of protein complex subunits

Analyses of eukaryotic protein complexes revealed that
complexes are comprised of a core in which subunits are
highly co-expressed and represent functional units (1,29).
This core is surrounded by groups of proteins acting as
modifiers of the complex’s function or other, functionally
unrelated proteins that spuriously attach to the surface of
the core proteins. The core is expected to remain stable un-
der different conditions, whereas significant changes may
occur in attached proteins.

In order to provide an insight into the organization of
protein complexes, and to provide a perspective on the role
of the various protein subunits, the new CORUM release
presents a graphical tool that integrates known protein co-
expression information. A large publicly available collection
of co-expression data is provided by the STRING database
(30). STRING offers an application programming inter-
face (API) which enables programmatic access of the co-
expression data. CORUM retrieves the co-expression be-
tween protein complex subunits using the STRING net-
work API method. For visualization of co-expression be-
tween protein complex subunits we use Cytoscape (7). Cy-
toscape.js is a javascript-based graph-visualization library
that we embedded in version 3.2 on our website. The color
of each edge represents the co-expression score using a color
gradient. The tool allows to set individual thresholds for co-
expression.

The application of the tools is shown for the protea-
some (Figure 4), a molecular machine that catalyzes the
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Figure 4. Co-expression of the immunoproteasome subunits shown on the CORUM interface for gene co-expression. At a significance score of 0.8, subunits
which are specific for the immunoproteasome form a cluster that is separated from subunits of the constitutive proteasome. All protein complex entries
where the respective information is available, are linked to a co-expression interface.

degradation of most cellular proteins (31). When cells in
liver and other tissues of vertebrates are stimulated with
pro-inflammatory cytokines, most of their constitutively
expressed proteasomes are replaced with immunoprotea-
somes. These contain three additional B1i (PSMB9), B2i
(PSMB10) and B5i (PSMBS) subunits which are preferen-
tially incorporated into proteasomes instead of subunits 81,
B2 and BS. Compared with the constitutive proteasome,
the immunoproteasome has a different proteolytic activity,
which increases the production of peptides for presenta-
tion on MHC class I molecules (31). With respect to co-
expression the three immunoproteasome-specific subunits
form a cluster which is separated from the core proteasome
(Figure 4).

CONCLUSIONS AND FUTURE DEVELOPMENTS

In recent years, CORUM became an important resource in
the fields of biology and biomedicine, by collecting experi-
mentally characterized protein complexes to create a refer-
ence dataset for data analysis and bioinformatics applica-
tions. Expert curation is a key focus of our activities, to in-

form on composition, functional role and other features of
protein complexes. The CORUM dataset continues to grow
and to incorporate more complexes in particular from hu-
man tissues and cells. Recent improvements were driven by
our efforts not only to increase the amount of protein com-
plexes (5204) but also the coverage of the mammalian pro-
teome (26%).

The growing importance and application of protein com-
plex information in disease research is demonstrated by the
high number of publications that made use of the CORUM
3.0 dataset for the analysis of disease-associated data or the
creation of biomedical analysis tools. In particular worth
mentioning is pioneering research for the understanding
of molecular processes in COVID-19. To provide the CO-
RUM dataset with additional disease-related information,
the complex subunits are now linked to respective OMIM
diseases.

With CORUM 4.0 we have begun to offer Functional
Complex Groups. These represent comprehensive sets of
protein complexes with common biological or biomedical
relevance (molecular function or bioprocess). For projects
aiming to represent a complete mammalian complexome,
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FCGs will give hints to what extent this goal has been ac-
complished. Also, for the analysis of biomedical data, it may
offer valuable insight if representatives of FGCs are over-
represented.

Future plans include (i) the addition of further FCGs
with a focus on biomedical relevance, (ii) to serve the com-
munity with an expanding the set of tools for exploring pro-
tein complex information, (iii) to enable the prediction of
impacts of deregulated protein complex function in the con-
text of disease symptoms and (iv) to integrate structural in-
formation such as data from cryo-electron microscopy.

We invite all researchers to send us feedback and sug-
gestions for incorporation of additional protein com-
plexes from the user community. Please contact us at
andreas.ruepp@helmholtz-muenchen.de.

DATA AVAILABILITY

The provided data can be freely downloaded in various
formats from our downloads page (http://mips.helmholtz-
muenchen.de/corum/#download) under the Creative Com-
mons Attribution License (CC BY 4.0).
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Supplementary Data are available at NAR Online.

FUNDING

Funding for open access charge: Helmholtz Center Munich
(GmbH).
Conflict of interest statement. None declared.

REFERENCES

1. Gavin,A.C., Bosche,M., Krause,R., Grandi,P., Marzioch,M.,
Bauer,A., Schultz,J., Rick,J.M., Michon,A.M., Cruciat,C.M. et al.
(2002) Functional organization of the yeast proteome by systematic
analysis of protein complexes. Nature, 415, 141-147.

2. Drew,K., Wallingford,J.B. and Marcotte,E.M. (2021) hu.MAP 2.0:
integration of over 15,000 proteomic experiments builds a global
compendium of human multiprotein assemblies. Mol. Syst. Biol., 17,
el0016.

3. Huttlin,E.L., Bruckner,R.J., Navarrete-Perea,J., Cannon,J.R.,
Baltier,K., Gebreab,F., Gygi,M.P, Thornock,A., Zarraga,G., Tam,S.
et al. (2021) Dual proteome-scale networks reveal cell-specific
remodeling of the human interactome. Cel/, 184, 3022-3040.

4. Giurgiu,M., Reinhard,J., Brauner,B., Dunger-Kaltenbach,I.,
Fobo,G., Frishman,G., Montrone,C. and Ruepp,A. (2019) CORUM:
the comprehensive resource of mammalian protein complexes-2019.
Nucleic Acids Res., 47, D559-D563.

S. Liao,Y., Wang,J., Jachnig,E.J., Shi,Z. and Zhang,B. (2019)
WebGestalt 2019: gene set analysis toolkit with revamped Uls and
APIs. Nucleic Acids Res., 47, W199-W205.

6. Zheng,F., Kelly, M.R., Ramms,D.J., Heintschel, M.L., Tao,K.,
Tutuncuoglu,B., Lee,J.J., Ono.K., Foussard,H., Chen,M. et al. (2021)
Interpretation of cancer mutations using a multiscale map of protein
systems. Science, 374, eabf3067.

7. Shannon,P., Markiel,A., Ozier,O., Baliga,N.S., Wang,J.T.,
Ramage,D., Amin,N., Schwikowski,B. and Ideker,T. (2003)
Cytoscape: a software environment for integrated models of
biomolecular interaction networks. Genome Res., 13, 2498-2504.

8. Nurk,S., Koren,S., Rhie,A., Rautiainen,M., Bzikadze A.V.,
Mikheenko,A., Vollger, M.R., Altemose,N., Uralsky,L.,
Gershman,A. et al. (2022) The complete sequence of a human
genome. Science, 376, 44-53.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Han,J.D., Bertin,N., Hao,T., Goldberg,D.S., Berriz,G.F., Zhang,L..V.,

Dupuy,D., Walhout,A.J., Cusick,M.E., Roth,E.P. ez al. (2004)
Evidence for dynamically organized modularity in the yeast
protein-protein interaction network. Nature, 430, 88-93.

. Yang,X., Lian,X., Fu,C., Wuchty,S., Yang,S. and Zhang,Z. (2021)

HVIDB: a comprehensive database for human-virus protein-protein
interactions. Brief Bioinform., 22, 832-844.

. Ma,J., Fong,S.H., Luo.,Y., Bakkenist,C.J., Shen,J.P,, Mourragui,S.,

Wessels,L.F.A., Hafner,M., Sharan,R., Peng,J. et al. (2021) Few-shot
learning creates predictive models of drug response that translate
from high-throughput screens to individual patients. Nat. Cancer, 2,
233-244.

. Swaney,D.L., Ramms,D.J., Wang,Z., Park,J., Goto,Y., Soucheray,M.,

Bhola,N., Kim,K., Zheng.F., Zeng,Y. et al. (2021) A protein network
map of head and neck cancer reveals PIK3CA mutant drug
sensitivity. Science, 374, eabf2911.

. Shrestha,R., Llaurado Fernandez,M., Dawson,A., Hoenisch,J.,

Volik,S., Lin,Y.Y., Anderson,S., Kim,H., Haegert,A.M., Colborne,S.
et al. (2021) Multiomics characterization of low-grade serous ovarian
carcinoma identifies potential biomarkers of MEK inhibitor

sensitivity and therapeutic vulnerability. Cancer Res., 81, 1681-1694.

. Gordon,D.E., Hiatt,J., Bouhaddou,M., Rezelj,V.V., Ulferts,S.,

Braberg,H., Jureka,A.S., Obernier,K., Guo,J.Z., Batra,l. et al. (2020)
Comparative host-coronavirus protein interaction networks reveal
pan-viral disease mechanisms. Science, 370, eabe9403.

. Gordon,D.E., Jang,G.M., Bouhaddou,M., Xu,J., Obernier,K.,

White,K.M., O’Meara,M.J., Rezelj,V.V., Guo,J.Z., Swaney,D.L. et al.
(2020) A SARS-CoV-2 protein interaction map reveals targets for
drug repurposing. Nature, 583, 459-468.

. Stukalov,A., Girault,V., Grass, V., Karayel,O., Bergant,V., Urban,C.,

Haas,D.A., Huang,Y., Oubraham,L., Wang,A. et al. (2021)
Multilevel proteomics reveals host perturbations by SARS-CoV-2
and SARS-CoV. Nature, 594, 246-252.

. Rousseau,A. and Bertolotti,A. (2018) Regulation of proteasome

assembly and activity in health and disease. Nat. Rev. Mol. Cell Biol.,
19, 697-712.

. Amberger,J.S., Bocchini,C.A., Scott,A.F. and Hamosh,A. (2019)

OMIM .org: leveraging knowledge across phenotype-gene
relationships. Nucleic. Acids. Res., 47, D1038-D1043.

. Kuhner,S., van Noort,V., Betts,M.J., Leo-Macias,A., Batisse,C.,

Rode,M., Yamada,T., Maier,T., Bader,S., Beltran-Alvarez,P. et al.
(2009) Proteome organization in a genome-reduced bacterium.
Science, 326, 1235-1240.

Yamaguchi,H., Terajima,M., Kitami,M., Wang,J., He,L., Saeki,M.,
Yamauchi,M. and Komatsu, Y. (2020) IFT20 is critical for collagen
biosynthesis in craniofacial bone formation. Biochem. Biophys. Res.
Commun., 533, 739-744.

Johnston,J.J., Lee,C., Wentzensen,I.M., Parisi, M.A.,
Crenshaw,M.M., Sapp,J.C., Gross,J.M., Wallingford,J.B. and
Biesecker,L.G. (2017) Compound heterozygous alterations in
intraflagellar transport protein CLUAPI in a child with a novel
Joubert and oral-facial-digital overlap syndrome. Cold Spring Harb.
Mol. Case Stud., 3, a001321.

Ashburner,M., Ball,C.A., Blake,J.A., Botstein,D., Butler,H.,
Cherry,J.M., Davis,A.P., Dolinski, K., Dwight,S.S., Eppig,J.T. et al.
(2000) Gene ontology: tool for the unification of biology. The Gene
Ontology Consortium. Nat. Genet., 25, 25-29.

Gillespie,M., Jassal,B., Stephan,R., Milacic,M., Rothfels,K.,
Senff-Ribeiro,A., Griss,J., Sevilla,C., Matthews,L., Gong,C. et al.
(2022) The reactome pathway knowledgebase 2022. Nucleic Acids
Res., 50, D687-D692.

Meldal,B.H.M., Perfetto,L., Combe,C., Lubiana,T., Ferreira
Cavalcante,).V., Bye,A.J.H., Waagmeester,A., Del-Toro,N.,
Shrivastava,A., Barrera,E. et al. (2022) Complex portal 2022: new
curation frontiers. Nucleic Acids Res., 50, D578-D586.

Shieh,C.C., Coghlan,M., Sullivan,J.P. and Gopalakrishnan,M. (2000)
Potassium channels: molecular defects, diseases, and therapeutic
opportunities. Pharmacol. Rev., 52, 557-594.

Wu,X. and Larsson,H.P. (2020) Insights into cardiac IKs
(KCNQI1/KCNEL1) channels regulation. Int. J. Mol. Sci., 21, 9440.
Lin,M.T. and Beal, M.F. (2006) Alzheimer’s APP mangles
mitochondria. Nat. Med., 12, 1241-1243.

Martin-Salazar,J.E. and Valverde,D. (2022) CPLANE complex and
ciliopathies. Biomolecules, 12, 847.


http://mips.helmholtz-muenchen.de/corum/#download
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkac1015#supplementary-data

Nucleic Acids Research, 2023, Vol. 51, Database issue D545

29. Dezso,Z., Oltvai,Z.N. and Barabasi,A.L. (2003) Bioinformatics networks, and functional characterization of user-uploaded
analysis of experimentally determined protein complexes in the yeast gene/measurement sets. Nucleic Acids Res., 49, D605-D612.
Saccharomyces cerevisiae. Genome Res., 13, 2450-2454. 31. Kloetzel,P.M. (2001) Antigen processing by the proteasome. Nat.

30. Szklarczyk,D., Gable,A.L., Nastou,K.C., Lyon,D., Kirsch,R., Rev. Mol. Cell Biol., 2, 179-187.

Pyysalo,S., Doncheva,N.T., Legeay,M., Fang,T., Bork,P. e al. (2021)
The STRING database in 2021: customizable protein-protein



