NDB

The Nucleic Acid Database (NDB) was CSmb_hShcd in 1991 as a central resource for
buting three-dimensional (3D) structural information about
NA, as well as their complexes with proteins and drugs. It

(PDB) by providing nucleic acid-specific annotations,

collecting, organizing, and distri
it serves as a value-added database for both

nucleic acids such as DNA and R

complements the Protein Data Bank

classifications, and analysis tools. Thus, .
researchers and students working in the field of structural biology.
The main objective of the NDB is to provide specialized annotations of nucleic ac::d

structures, including information on nucleic acid type, conformation, and motifs, along with
g structural data but

tools to analyze and visualize them. It is designed not only for archivin LR
ta and educational resources, making it a

also for offering user-friendly access to derived da
useful platform for both research and learning.

The NDB web portal is organized with persistent headers that give access to different
categories of resources. The “About NDB” section provides project information and a site
map. The “Standards” section contains reference information such as base pair geometry,

DNWA topology, and links to the RNA ontology. The “Education” section offers
tutorials, glossaries, and links to learning resources. The “Tools” section includes specialized

tgo!s such as the RNA 3D Motif Atlas, RNA Base Triple Atlas, R3D Align, WebFR3D, RNA
View, and w3DNA. The “Software” section provides downloadable software such as FR30D,
3DNA, VARNA, UNAFold, and Sfold. Finally, the “Download” section allows users to

obtain atomic coordinates, experimental data, and mappings of PDB IDs to NDR IDs.

The content of the NDB includes primary, classified, and derived data. The primary
dzta consist of structural coordinates, experimental files, crystallization details, and citations

from the PDB. The classification data describe nucleic acid type, secondary structures such as
helices and loops, and conformational forms such as A, B, or Z DNA. Derived data include

bond distances, torsion angles, base morphology, and RNA motifs. The database also
contains RNA-specific data such as pairwise nucleotide interactions involving base pairing,

stacking, and base-phosphate interactions, along with equivalence classes and nonredundant

(NR) sets of RNA structures.
The NDB offers powerful search capabilities. An ID search allows users to retrieve

structures by entering an NDB or PDB identifier. Simple searches can be used to filter DNA

or RNA structures based on polymer type, protein function, structural features, or
experimental method. For RNA, searches can be further refined by RNA type, such as tRNA,

rRNA, riboswitch, or ribozyme, and by nonredundant structure sets. The advanced search
option enables users to combine multiple constraints such as sequence, motifs, modifications,

structural content, and binding types, providing flexibility for detailed queries.
The reporting and data retrieval system of the NDB is also very efficient. Search
results are presented as structure selection reports in tabular or gallery format. Each entry has
a detailed structure summary report that includes experimental details, derived structural data,
downloads, and both two-dimensional and three-dimensional visualizations. Predefined
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drug dis
scov ¢ :
Shidkad €Ty and structural bioinformatics, where understanding binding interactions is

_ The database also supports links to protein sequence data and highlights sequence
mof‘fs and conserved regions. It provides topology diagrams, Ramachandran plots, and
_Statistical summaries of protein structure quality, helping users assess the accuracy and
reliability of the structural model. )

One of the strengths of PDBsum is its accessibility and user-friendly forma.t. Since it
is web-based, researchers and students can easily access the information through simple
search queries using PDB IDs. It does not require speciqﬁzed software or in-depth structural

biology expertise, making it useful for teaching as well as research.

In conclusion, PDBsum is an important value-added resource that extends the utility
of the Protein Data Bank. By providing graphical summaries, interaction diagrams, and
functional context, it helps users interpret complex structural data in a simple and effective
way. Its integration of secondary structure information, ligand interactions, domains, and

Pathways makes it a widely used tool in bioinformatics, structural biology, and drug design.

Scop

The Structural Classification of Proteins (SCOP) is a comprehensive database that
organizes and classifies proteins according to their structural and evolutionary relationships.
It was first developed in the 1990s by Alexey Murzin and colleagues at the MRC Laboratory

',',ﬂ,?’f:ji‘,,':j:‘: n‘f’{"[—'}:— Cambridge. While the Protein Data Bank (PDB) provides raw
'Jﬂdl_‘f:i[a.(‘nd LhL: ‘5(_}()! offers a hic‘rarc_hical classification system that hc:lps researchers
E ¢ cvolutionary and functional relationships between different proie'ﬂ\ strachares.

The main objecti i : : -

- P Jccuv_e of SCOP is tq provide a fietalled and reliable description of the structural
and evolutionary lineage of proteins. It classifies proteins into a hierarchy of levels that
reflect their structural features as well as their evolutionary connections. This makes SCOP a
value-added database for protein structure studies, bioinformatics, and comparative

genomics.

The classification hierarchy in SCOP is organized into several levels. At the highest level are
Classes, which group proteins based on their overall secondary structure composition, such
as all a-helices, all B-sheets, a/p proteins, and a+f proteins. Within each class, proteins are
further organized into Folds, which describe proteins with similar arrangements of secondary
structure elements, even if they are not evolutionarily related. Within folds are
Superfamilies, which contain proteins with probable evolutionary relationships, even when
sequence similarity is low. At the most specific level are Families, which include proteins
with clear sequence and functional similarity. This hierarchical organization makes it easy 1o
trace structural and evolutionary relationships across different proteins.

SCOP provides detailed information on each protein domain, including its structural fold,
superfamily, and family assignments. The classification is based not only on structural
similarities observed in three-dimensionai space but also on sequence comparisons and
evolutionary considerations. By integrating structural and sequence data, SCOP helps denufy

distant evolutionary relationships that might not be evident from sequence data alone



e major strengths of
Al : SCOP i i
MM and to identify rec s that it allows researchers to explore the diversity of
bin &. ing proteins share common fo urring folds and motifs. For example, many enzymes and
predicting functions of newly g 0 ds'that can be recognized in SCOP, which helps in
y determined structures. SCOP is also widely used as a

benchmark da

; taset for testi %

as protein structure redr,- sting new computational methods in structural bioinformati
prediction and classification algoritl ics, such

m m 1 -
: ¥asc 1S accessib .
: name, PDB D, : (t:lljall-:slil%h a web interface, where users can browse or search by
Data Bank and B it cation. Each entry contains cross-references to the Protein
the years, SCOP has been B o T o T
provide i 5 € P-ext .
improved automation and expanded coverage of prz?ecils(:,)truaictluﬁecs,OPL Sl

In conclusio - .
biOinmelarjE; T:dsstg;imrall(él_as&ﬁcauon of Proteins (SCOP) is a fundamental resource in
of classes, folds, superfamili iology. By _orgamziug proteins into a hierarchical classificati
protein strucrure; anug amrl-les, and families, it provides a framework for understandi e
ke Ao ev:ll(unon. Its corr_*lbination of expert curation, structural data a;gg

: mrmmﬁm sights makes 'SCOP an invaluable tool for researchers studying Stei
structure, function, and relationships. ying protein

CATH

The CATH i i i : -

databa_se isa hle‘rarchlcal classification system for protein domain structures that
groups the_m according to their Class, Architecture, Topology, and Homologous
superfamily (CATH). It was developed at University College London and provides a

1

)B).” -
\ctural characteristics and evolutions
ying protein function and diversity.

al levels. The highest level is Class

s based on their overall secondary structure composition, such

heet, or a mixture of a and B structures. The second level is
arrangement of secondary structures,

bundles, without considering the
as fold level, which groups proteins

CATH divides protein domains into four main hierarchic

(C), which categorizes protein

as mainly a-helical, mainly p-s
Architecture (A), which describes the general shape or
such as barrel structurcs, sandwich-like folds, or helical
connectivity. The third level is Topology (T), also known
with the same overall structural arrangement and connectivity of secondary structures.
Finally, the most specific level is the Homologous superfamily (H), which contains proteins
that are inferred to have a common evolutionary ancestor based on sequence, function, and

structural similarity.

-automatic, combining computational methods
ntify and compare domains based on
cations to ensure

akes CATH a reliable

rocess in CATH is semi
Automated algorithms 1de
tors verify and refine the classifi
d expert review m

The classification p
with manual expert curation.
structural features, while expert curd
ical relevance. This balance of automation an

biolog
classification system.

and up-to-date structural
stein domains, which are the fundamental
nains rather than whole
bination, and functional

about pre
By focusing on dor
domain recom

CATH provides detarled mformahion
evolutionary and structural units of protemns

protens, ( ATH helps in understanding modulanty,
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CATH is fi
reely accessib]
e thr ;
search by protein ID, or ana] ough a web interface, where userg
Include newly solved pro teinY:te structural similarities. The data;: an b_rtJWSe classifications,
ructures and to refine existing clasz.;?ficl:z;egulady Hpdated 1o
ons. Over time, it h
, it has

expanded signifi
e gnificantly and now covers a large proportion of th,
4 Ot the structural space of i
proteins

evolutionary relati i
. ationships of protei
curation, and integrat: ol proteins. Its combination of auto
: m
rescarch,c:rs and St%T;cﬁ(;n o lﬂ} f_UHCthnal annotations makes CA’?TEIEd m_ethods, e
nts in bioinformatics, structural biology, and ﬂn] Inv?luable i
) molecular evolution.

PUBCHEM

PubChem is a
- 3 free and H =
Center for Bi nd publicly accessible chemi
" otech a e chemical databas intai .
Medicine (NLM, vas teome e o QNCRE), & part of s AR
aunched in 2004 and has since becamé g. Na?o‘;:a\ L\b&w \m
ne of the world’s largest

- S e

. p'uosnor':es of chemical information. The database serv

information about the chemical structures properti W e i

small mole : . i les, activities, and biological roles of
olecules. Its primary purpose is to support biomedical res;:arch, dmgg&iSGOVﬁTY

cheminformatics, and education.

The database is divided into three major components. PubChem Substance contains
y contributors such as laboratories,

information about chemical samples submitted b
Compound organizes unigue chemical

companies, and research institutions. PubChem
structures by removing duplicates from the Substance database and assigns them a stable

Compound ID (CID). PubChem BioAssay stores information about biological activity test
Together, these components provide a complete framework

results of chemical compounds.

linking chemical information with biological activity data.
cluding more than 100 million unique compounds,
| databases. Each compound entry provides detailed
ochemical properties,

inks to external
bases enrich

contains millions of records, in
n chemica
tructure, formula, weight, physic

dicted bioactivity. In addition, |
pider, and protein/nucleic acid data

PubChem
making it one of the largest ope

such as molecular s
erimental or pre
Med, ChEMBL, Chem$S

f each compound.

information
toxicity data, and €Xp
resources such as Pub
the biological context 0



udy how - bi al activity and to compare compounds
:ﬂl}}'l similar features. It also supports bulk data downloads and programmatic access through
s, making it useful for cheminformatics research and large-scale data mining.

In additi
on to research use, PubChem serves as an educational platform. Itis integrated with

resources s g
j;{era;?‘f;;ig:;ipubCh;m Classroom and PubChem Periodic Table, which provide
s and simple chemical data useful for students and teachers in chemistry

and biolo Because it is oula €
ay. 1s freely available and regul i
o : gularly updatcd, it has become an
mdlspensab]e resource in both academic and industrial settinos
i e

In conclusion, PubChem is a comprehensive, freely available chemical database that
ical activities. By integrating

powerful scarch and
medical rescarch,

provides information on millions of compounds and their biolog
students

c_hcmjcal, biological, and pharmacological data, and by offering
visualization tools, it has become an essential tool for drug discovery, bio
cheminaformatics. and education. Tts open access nature ensures that rescarchers and
worldwide can benefir from rts rich and constantly expanding content.

DRUG BANK
atabase that combines detailed information

omprehensive, freely accessible d

lecular targets. It was first released in 2006 by the University of

e an essential bioinformatics and cheminformatics resource for
emical databases,

Alberta and has since becom
researchers, healthcare professionals, and educators. Unlike general ch
rug data, linking chemical, pharmacological, and

DrugBank focuses specifically on d
pharmaceutical information with biological targets such as proteins, enzymes, and

DrugBank isac
about drugs and their mo

transporters.
The main objective of DrugBank is to provide a single platform where users can access both

the chemical properties of drugs and their mechanisms of action. It contains data on
appro.ved drugs, experimental drugs, nutraceuticals, and investigational compounds. Each
entry in DrugBank typically includes information on the drug’s name, structure cht-:mical
formula, molecular weight, mechanism of action, pharmacological class, indica:tions, side

effects, metabolism, and clinical trial status.

One of the unique strengths of DrugBank is that it integrates drug data with protein target
anormation. Each drug entry is linked to its biological targets, including enzymes, receptors
ion channels, and transporters, along with information about binding sites and interaction :
mechanisms. This allows users to understand not only the chemical characteristics of a drug

but also its biological activity and therapeutic role.

DrugBank is organized into several categories. It contains:




Approved drugs, which are currently in medical yge.
pPpro | drugs, which have been studied but ney ik

Experimental drugs, e ALH 1o approved.

Nutraceuticals, which are natural compo 3 ity et

Wl;thdrawn drugs, which were once approved but removed from the IMETER e oo

fety concerns. ) ool ‘
= :;icgdrug& which have known physiologica effects but are not legally prescribed.
The database is also a valuable tool for drug discovery_ and repurposing. By integrating
drug—target interaction data with genomic and proteomic databases, researchers can identify
new therapeutic applications for existing drugs. DrugBank supports searches by drug name,
chemical structure, sequence, or pharmacological properties, making it highly versatile for

both chemists and biologists.

In addition to drug anq target data, DrugBank provides detailed ADMET information
(Absorption, Distribution, Metabolism, Excretion, and Toxicity), which is essential for
pharmacokinetics and drug development studies. It also links fo external databases such as
PubChem, ChEMBL, KEGG, UniProt, and clinical trial registries, ensuring a wide context
for biomedical research.

DrugBank is updated regularly, with new releases adding thousands of new compounds and
clinical details. It has also been integrated into many pharmacological and bioinformatics
tools, further increasing its impact in research, healthcare, and education.

In conclusion, DrugBank is a unique and powerful resource that bridges the gap between
chemistry, pharmacology, and biology. By combining detailed information on drugs, their

chemical properties, therapeutic uses, and molecular targets, it provides an invaluable tnol for
drug diSCOW‘:ry. biomedical research, clinical decision-making, and education. Tts
comprehensive and curated data make it one of the most widely used drug databases in the

world.

GEO

The Gene Expression Omnibus (GEO) is a public functional genomics data repository that
supports MIAME-compliant data. Hosted by the National Center for Biotechnology
Information (NCBI), it is a central resource for archiving and freely distributing a wide array

of high-throughput experimental data, primarily focused on gene expression, but also
encompassing other genomic data types. This discussion will explore the purpose and content
of GEOQ, its utility within scientific investigation, and the inherent limitations to consider

when utilizing this valuable resource.

GEO's principal aim is to furnish a centralized, standardized, and accessible
repository for genomic data. Its core purpose is to facilitate data sharing and reuse within the

scientific community, fostering reproducibility, meta-analysis, and the formulation of new

hyvootheses. GEO accommodates data from diverse platforms, including microz-xrr?.ys, RNA
sc}gircncjng (RNA-Seq), ChIP-sequencing, and proteomics experiments. Submissions are

xpected to adhere to the MIAME (Minimum Information About a Microarray Experiment)
C . ' : . 0 . .

standard, ensuring the provision of sufficient experimental detalls_ for prop _
interpretation and replication. The data within GEO is structured into three primary

er data




loyed 10
5 & [cchﬂObg}' cmp
categories: Platforms, Samples, and Series. Platforms describe th

. . Samples represent
generate the data (e.g., microarray type or sequencing platform) i cimm:)' Series represent
individual experimental units (c.g., a single RNA sample fr Gmha Lovcrall P
a collection of related samples from a single study, providing the

contexl.

ientific investigation. It
| data, thus reinforcing

GEO presents substantial utility in various avenues of sc :
permits validation of published findings through re-analysis of origina :
the rigor and reliability of scientific outcomes. Further, GEO facilitates metz-analysmj
enabling the combination of data from multiple independent studies to amplify statistical
power and identify consistent patterns. For inslance, gene expression data from several

studies on a specific cancer type might be combined to pinpoint novel drug targets or
biomarkers. GEO also functions as a resource for generating new hypotheses. Exploration of
publicly available data can reveal unexpected patterns or relationships that merit further
inquiry. Observation of a drug's effect on one cell type might lead to the discovery, via GEO
data, that the drug also impacts a related pathway in a different cell type, thereby opening
new avenues of investigation. The availability of varied data types within GEO also supports
integrative analyses, combining gene expression data with other genomic data (e.g-, ChIP-seq

data) for a more comprehensive understanding of biological processes.

Despite its advantages, GEO possesses inherent limitations. Data heterogeneity 1s a
sigaificant challenge. Data submitted to GEO originates from diverse laboratories, employing
differing experimental protocols, platforms, and data analysis methods. This heterogeneity

can complicate the comparison and integration of data across studies. Consequently, eareful
consideration must be given Lo the experimental design and data processing methods used in
each study, and appropriate normalization and batch correction techniques should be applied.
Data quality issues also present a limitation. While GEO mandates MIAME compliance, the
quality of data submissions can vary; some submissions may lack complete metadata, exhibit
poorly annotated samples, or contain errors in the data itself. Critical evaluation of data
quality is, therefore, essential prior to its use. Finally, the sheer volume of data within GEO
can be overwhelming, making navigation and identification of relevant datasets a potentially

time-consuming task requiring specialized bioinformatics skills.

In conciusion,_ the Gene Expression Omnibus (GEO) database represents a significant
resource for the functional genomics community. It furnishes a centralized and publicly
acacss‘rbie repository for varied genomic data, supporting data sharing, validation, meta-
analysis, and hypothesis generation. While awareness of limitations linked to dat:;
heterogeneity, quality, and volume is necessary, GEO's benefits are substantial.

oPen science and data reuse, GEQ significantly advances
biological systems.

By promoting
the understanding of complex

ARRAY EXPRESS

ArraybExpress
European Bioi

|sra puhl\:c rcpolsitory for microarray-based gene expression data, hosted by the
nlormatics Institute (EBI). A key component of the EBI's suite of data




rces, ArrayExpress is a centralized archive for experimental datasets, enabling » .
e transcriptomic information. The following will

tion. sharing, and access to a wealth of S Sl ;
deposition, sharing Express, its utility in facilitating scientific discovery,

t of Array
explore the purpose and conten o :
and important limitations to consider when utilizing this valuable resource.

The principal aim of ArrayExpress is to provide a robust and freely accessibyle
repository for microarray data. Its core purpose is to support the scientific community by
promoting open data sharing, enhancing the reproducibility of findings, and enabling large-
scale meta-analyses. ArrayExpress accepts submissions conforming to the MIAME
(Minimum Information About a Microarray Experiment) standard, ensuring sufficient detail
is available regarding experimental design, protocols, and data processing steps. The database
stores both raw and processed microarray data, along with comprehensive metadata
describing experimental conditions, sample characteristics, and array design. Data within
ArrayExpress is organized around "experiments," which represent individual studies. Each
experiment encompasses a collection of samples hybridized to microarrays under specific
conditions. The database provides extensive annotation, linking experiments to relevant

publications, ontologies, and biological pathways.

ArrayExpress offers significant utility for a range of scientific endeavors. It facilitates
validation of published results through independent re-analysis of raw data. This strengthens
the reliability of scientific conclusions and helps identify potential errors or inconsistencies in

original studies. ArrayExpress also supports powerful meta-analysis, allowing data

combination from multiple experiments to increase statistical power and identify subtle but
:;Zf_:f;il;;rg;ne tlsxpression change_s. For example, data from independent studies mvestigating
N ug's cffect on a specific cell type can be combined 1o wdentiify a robust set of
F=4 C‘SpOnSIVf: genes. Furthermore, ArrayExpress serves as a valuable resource for
generating new hypotheses and exploring gene expression patterns across diverse

experimental conditions. By mining the database, it's possible to identify genes with
previously unknown functions or discover unexpected links between different biological

processes. ArrayExpress also supports comparative genomics, allowing comparison of gene
expression profiles across different species or strains.

Despite its strengths, ArrayExpress has several limitations that should be considered.
One challenge is the inherent complexity of microarray data and the diversity of experimental
designs represented. Careful attention must be paid to experimental metadata and data
processing steps used in each experiment to ensure proper data interpretation and
comparison. Another limitation is the potential for batch effects — systematic variations in

gene expression data arising from differences in experimental protocols or reagents. These
batch effects can confound meta-analyses and lead to spurious conclusions if not properly
addressed. Although ArrayExpress requires MIAME compliance, the quality and
completeness of metadata submissions can vary. Critical evaluation of the metadata
associated with each experiment is essential to assess data reliability. Finally, the database |
primarily focuses on microarray data, largzly superseded by RNA sequencir.lg (RNA-Seq) in
recent years. While ArrayExpress remains a valuable resource for legacy microarray data, its



relevance for cutting-edge transcriptomic work diminishes as RNA-Seq datasets become
more prevalent in other repositories.

In conclusion, ArrayExpress is a significant repository for microarray-based gene
expression data, providing a valuable resource for data sharing, validation, meta-analysis, and
hypothesis generation. While factors such as data complexity, batch effects, and metadata
quality must be carefully considered, the benefits of ArrayExpress are considerable. The
;it;?i;co;mbutes to _scientiﬁc progress t_ay promoting. open_ access to experimental data and

g the exploration of gene expression patterns in a wide range of biological contexts.

CSD

Th i . .

i Zt:;afnbndge Structural Database (CSD) is the world's repository for small-molecule

= :31 o :Emcrures Curated by the Cambridge Crystallographic Data Centre (CCDC), the CSD
a wealth of three-dimensional structural information derived from X-ray and neutron

.flflracflon ea‘\penm.cnte.l. This discussion explores the purpose and content of the CSD, its
utility 1n various scientific disciplines, and important limitations to consider when utilizing

this comprehensive resource.

‘The primary purpose of the CSD is to provide a comprehensive and validated
co.llecnon of small-molecule crystal structures. [t aims to serve as a trusted resource for
scientists across various fields. including chemistry, materials science, and drug discovery.
The CSD contains structures determined experimentally, each representing the arrangement
of atoms in a molecule or ion within a crystalline solid. Entries in the CSD include the three-

dimensional coordinates of all atoms, along with associated metadata such as the compound's
chemical name, formula, space group, unit cell parameters, and experimental conditions.
Each entry is carefully curated and validated by CCDC scientists to ensure data accuracy and

consistency. Structures are classified based on chemical compositi

crystallographic properties.

The CSD offers significant utility in a wide range of scientific disciplines. In
chemistry, it provides a foundation for understanding molecular geometry, bonding, and
intermolecular interactions. Structural information from the CSD can be used to validate

computational models, refine force fields, and predict the properties of new compounds. In
materials science, the CSD aids in the design and development of new materials with tailored
properties. Crystal structures can reveal information about packing arrangements,
intermolecular forces, and potential for polymorphism. In drug discovery, the CSD plays a
crucial role in understanding the structure-activity relationships of drug molecules. By
analyzing the structures of drug-target complexes, scientists can gain insights into binding
modes, identify potential drug candidates, and optimize drug design. The CSD also supports
the development of algorithms for predicting protein-ligand interactions and virtual

on, structural features, and

screening.
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In conclusion, the Cambridge Structural Database (CSD) is an invaluable resource for
the scientific community, providing a comprehensive and curated collection of small-
molccgle crystal structures. Its role in advancing knowledge in chemistry, materials science,
dmg discovery, and other fields is undeniable. While limitations related to molecular scope
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MMDB

The Molecular Modeling Database (MMDB) is a database of c\pe.nmcnta!l‘}
determined three-dimensional structures of biological macromolecules. It is pmt t of the Entrez
system at the National Center for Biotechnology Information (NCBI). MMDB is closely
linked to the Protein Data Bank (PDB), but it provides added value through structural
alignments, domain annotations, and interactive visualization tools. This discussion explores

the purpose and content of the MMDB. its utility in structural biology and related fields, and
mmportant limitations to consider when utilizing this valuable resource.

The primary purpose of the MMDB is to provide a readily accessible and structurally
informative view of macromolecular structures. It aims to enhance understanding of the
relationship between sequence. structure, and function. The MMDRB achiceves this by

rErCgTAnns dara fivam the PIDFY wi Tinmation and analysis tools., e
Conienr ol the Ngagr 2B consists of thr cc-dimensional coordinates of atoms m
aAcids, and complexes, as determined by X-r

th additional struactural mito
pProteins, nucleic

_ 1y erystallography, NMR. Spectroscopy, and other
experimental techniques. Each entry in the MMDB is linked to the corresponding entry in the
PDB. However, the MMDRB goes beyond the PDRB by providing pre-computed structural
alignments, domain annotations, and summaries of biologically relevant information. The
MMBDRB utilizes the VAST (Vector Alignment Secarch Tool) algorithm to identify structurally
similar proteins, aliowing users to explore evolutionary relationships and functional
similarities. It also incorporates domain definitions from the Conserved Domain Database
(CDD), providing insights into the functional units within proteins. Furthermore, the MMDB

offers interactive visualization tools, such as Cn3D, that allow users to view and manipulate
structures in three dimensions.

MMDB offers significant utility for diverse areas of scientific inquiry. In structural
biology, it facilitates the analysis and comparison of protein structures. By using VAST to
identify structurally similar proteins, scientists can gain insights into protein folding,

evolution, and function. In bioinformatics, MMDR provides a valuable resource for
developing and testing structure prediction algorithms. The database also aids in
understanding the structural basis of disease. By examining

proteins, it is possible to identify potential drug targets and

the structures of disease-related
design therapeutic interventions,
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