D1528-D1534 Nucleic Acids Research, 2022, Vol. 50, Database issue

https:Ildoi.orgl10.1093[narlgkab848

Published online 4 October 2021

ProNAB: database for binding affinities of
protein—nucleic acid complexes and their mutants

Kannan Harini, Ambuj Srivastava, Arulsamy Kulandaisamy and M. Michael Gromiha

Department of Biotechnology, Bhupat and Jyoti Mehta School of Biosciences, Indian Institute of Technology Madras,

Chennai 600036, India

Received August 12, 2021; Revised September 08, 2021; Editorial Decision September 10, 2021; Accepted September 10, 2021

ABSTRACT

Protein—nucleic acid interactions are involved in var-
ious biological processes such as gene expression,
replication, transcription, translation and packaging.
The binding affinities of protein—-DNA and protein—
RNA complexes are important for elucidating the
mechanism of protein—nucleic acid recognition. Al-
though experimental data on binding affinity are re-
ported abundantly in the literature, no well-curated
database is currently available for protein—nucleic
acid binding affinity. We have developed a database,
ProNAB, which contains more than 20 000 experi-
mental data for the binding affinities of protein—-DNA
and protein-RNA complexes. Each entry provides
comprehensive information on sequence and struc-
tural features of a protein, nucleic acid and its com-
plex, experimental conditions, thermodynamic pa-
rameters such as dissociation constant (Ky), bind-
ing free energy (A G) and change in binding free en-
ergy upon mutation (AAG), and literature informa-
tion. ProNAB is cross-linked with GenBank, UniProt,
PDB, ProThermDB, PROSITE, DisProt and Pubmed.
It provides a user-friendly web interface with options
for search, display, sorting, visualization, download
and upload the data. ProNAB is freely available at
https://web.iitm.ac.in/bioinfo2/pronab/ and it has po-
tential applications such as understanding the fac-
tors influencing the affinity, development of predic-
tion tools, binding affinity change upon mutation and
design complexes with the desired affinity.

INTRODUCTION

Protein—nucleic acid interactions play essential roles in fun-
damental cellular processes such as regulation of gene ex-
pression, replication, translation, DNA repair and packag-
ing. The functions of protein—nucleic acid complexes are
mainly dictated by their binding affinities (1). Experimen-
tally, the strength of the protein—nucleic acid interactions

is determined using isothermal titration calorimetry (ITC),
surface plasmon resonance (SPR), electrophoretic mobility
shift assay (EMSA) and fluorescence. The binding affinity
data such as dissociation constant (Ky) and binding free en-
ergy (AG) are successfully used to understand the recogni-
tion mechanism of protein—-DNA and protein—-RNA com-
plexes (2).

Further, amino acid and/or nucleotide mutations in
protein—nucleic acid complexes alter their binding affinities
and some of them lead to diseases including cancer and
neurodegenerative disorders (3,4). Hence, binding affinities
of protein—nucleic acid complexes are essential for under-
standing the disease-causing mechanisms and developing
disease-specific drug design strategies. For example, design-
ing aptamers with high affinity is reported to be a promis-
ing therapy for different diseases (5-7). With advancements
in high-throughput experimental methods, vast amount of
thermodynamic data on protein—-DNA and protein—-RNA
complexes are reported in the literature. An effective com-
pilation of these data and constructing a public repository
would aid researchers in gaining insights for understanding
the relationship among binding affinity, structure, function
and diseases.

The binding affinities of protein—nucleic acid complexes
are accumulated in few databases such as ProNIT (8),
dbAMEPNI (9) and PDBbind (10), and these databases
have several limitations on scope, update and availability.
ProNIT has not been updated after 2006 and dbAMEPNI
has a limited number of data on alanine mutations alone.
PDBbind is not specific for protein—nucleic acid complexes
and also it has only the binding affinity data for com-
plexes with known structural information. On the other
hand, experimental binding affinities are necessary to de-
velop machine learning methods for predicting the bind-
ing affinity (11-13) and change in binding affinity upon
mutation (14).

In this study, we developed a comprehensive database for
protein—nucleic acid binding affinity, ProNAB, which con-
tains binding affinity data such as dissociation (Ky) and
association (K,) constants, enthalpy, binding free energy
(AG), and change in free energy upon mutation (AAG)
along with sequence and structural information of proteins
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Figure 1. Overall workflow of ProNAB database.

and nucleic acids, experimental conditions and literature
information. Each entry in ProNAB provides comprehen-
sive features from both protein and nucleic acid sequence
and structure. Further, it is cross-linked with various se-
quence and structure databases of proteins and nucleic
acids. The web interface provides flexible options for re-
searchers to search based on different parameters along
with options for sorting and visualization. ProNAB is avail-
able at https://web.iitm.ac.in/bioinfo2/pronab/.

CONTENTS OF THE DATABASE

ProNAB provides experimentally determined binding affin-
ity data for wild-type and mutant protein—nucleic acid com-
plexes. These data are obtained from a detailed survey of
literature and existing/ obsolete databases.

We have retrieved research articles and reviews related
to binding affinity of protein—nucleic acid complexes us-
ing keyword searches with AND/OR operations (e.g. bind-
ing affinity, protein-DNA, protein—-RNA, dissociation con-
stant, Ky, free energy of binding, ITC, SPR etc.) from
PubMed. Further, we obtained the papers listed in Protein
Data Bank (PDB) for known three-dimensional structures
of protein—nucleic acid complexes and their binding affini-
ties. In addition, we checked the “Table of contents’ of spe-
cific journals (e.g. Biochemistry, Nucleic Acids Research,
Journal of Molecular Biology, Journal of Biological Chem-
istry, PNAS etc.), which publish articles related to experi-
mental data on binding affinity of protein—nucleic acid com-
plexes. From each article, we manually curated the informa-
tion about the name of the protein, nucleic acid, complex,
experimental conditions, measurement, method, thermody-

namic data, literature information and location of the data
in the research article.

The detailed workflow of the ProNAB is provided in Fig-
ure 1. For each entry, ProNAB contains the following seven
different levels of information. Each entry in ProNAB is
identified with a unique entry number, which contains the
information provided in Table 1.

a) Protein information: Protein name, name of the organ-
ism (source), sequence, structure, accession numbers of
UniProt (15), PROSITE (16), ProThermDB (17), Dis-
Prot (18), enzyme commission number (19) and PDB
(20), secondary structure, solvent accessibility and mu-
tation information (wild-type, single, double and multi-
ple mutations along with mutant positions). We utilized
the SIFTS database (21) for mapping residue positions
between UniProt and PDB.

b) Nucleic acid information: Nucleic acid name, source,
type of nucleic acid such as DNA or RNA, GenBank ID,
sequence, mutation and type of mutation such as single,
double and multiple along with mutation position.

¢) Complex information: PDB (20) and NDB (22) codes
for both wild-type and mutant structures of protein—
nucleic acid complexes (if available), 3D visualization of
the complex using JSmol interface (23), secondary struc-
ture and solvent accessibility of the mutant in a complex
calculated using DSSP (24) for the proteins with known
three-dimensional structures.

d) Experimental conditions: Temperature, pH, buffer name,
additives, ions and method.

e) Thermodynamic data: The thermodynamic parameters
of binding affinity are represented as dissociation (Ky)


https://web.iitm.ac.in/bioinfo2/pronab/

D1530 Nucleic Acids Research, 2022, Vol. 50, Database issue

Table 1. Description of data in ProNAB with an example entry showing the binding affinity data of ‘Cysteine-tRNA ligase’ protein-RNA complex

Description Example

Entry id 12197

Protein Name Cysteine-tRNA ligase

Synonyms Cysteinyl-tRNA synthetase; CysRS

EC number 6.1.1.16

Protein Source Escherichia coli (strain K12)

Sequence MLKIFNTLTRQKEEFKPIHAGEVGMYVCGITVYDLCHIGHGRTFVAFDVVARYLRF
LGYKLKYVRNITDIDDKIIKRANENGESFVAMVDRMIAEMHKDFDALNILRPDMEP
RATHHIAEIIELTEQLIAKGHAYVADNGDVMFDV...

Length 461

Mass (Da) 52,202

UniProt ID P21888

PROSITE ID -

DisProt ID -

PDB of Free Protein 1LI5

ASA of Free protein (Az) 29

ProTherm Id -

Mutation in protein N351A

Nucleic acid Name TRNA-cys

Nucleic acid Source Synthetic

Type of Nuclei acid RNA

Sequence GGCGCGUUAACAAAGCGGUUAUGUAGCGGAUUGCAAAUCCGUCUAGUCCGGU
UCGACUCCGGAAC....

Mutation in Nucleic acid G48C

Genbank ID 56966181

PDB Complex 1UOB

NDB Complex PRO135

ASA of Complex (A?) 40

Sec str Coil

pH 7.5

Temperature (K) 298

Buffer 20 mM Tris-Hcl

Ton name 50 mM NaCl

Method Fluorescence

K4 wild (M) 2.7 x 1077

K4 mutant (M) 8.16 x 10°©

K, wild M) 4 x 10°

K, mutant (M) 1 x 103

AG wild (kcal/mol) —8.96

A G mutant (kcal/mol) —6.94

AAG (kcal/mol) 2.02

AH wild (kcal/mol) -

A H mutant (kcal/mol) -

Stoichiometry -

Reference Nat Struct Mol Biol. 2004 Nov;11(11):1134-41.

Title Shape-selective RNA recognition by cysteinyl-tRNA synthetase.

Authors Hauenstein S, Zhang CM, Hou YM, Perona JJ

Keywords CysRS; tRNA aminoacylation; elongation factor;

PubMed 15489861

DOI http://dx.doi.org/10.1038/nsmb849

Location of data Table 2; Page No.: 1138

Remarks

Related Entries

12194; 12195; 12196

and association constants (K,), enthalpy (A H), the free affinities, respectively along with 161 entries for hybrid com-
energy of binding (A G) and the change in free energy of plexes (protein—-DNA-RNA). It has binding affinity infor-

binding (A AG) for the mutants.

mation for 1027 unique nucleic acid binding proteins from

f) Literature information: PubMed identifier, name of the 1250 literature sources published during 1979-2021. A total
author(s), journal name, year of publication, location of of 798 unique protein—-DNA and 340 protein—-RNA com-
the data, keywords and Digital Object Identifier (DOI). plex structures are present in ProNAB. Based on wild-type,

g) Miscellaneous Information: Remarks and entry numbers the current version contains 13 642, 12 318 and 4304 data

related to the same protein in ProNAB.

DATABASE STATISTICS

from proteins, DNA and RNA, respectively. Further, 6448,
2288 and 5323 mutation data are available for proteins,
DNA and RNA, respectively. Among them, 76.4%, 15.4%
and 8.15% are single, double and multiple mutations, re-

ProNAB contains 20 090 entries, which include 14 606 and spectively. Detailed statistics on wild-type and mutant data
5323 entries for protein—-DNA and protein—-RNA binding for proteins and nucleic acids are presented in Figure 2A
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Figure 2. Statistics of ProNAB database based on the distribution of (A) wild-type and mutant data in Proteins, (B) wild-type and mutant data in nucleic
acids, (C) secondary structure of mutants, (D) solvent accessibility of mutants, (E) publication years and (F) methods

and B. Figure 2C and D shows the representation of mu-
tants based on secondary structure and solvent accessibil-
ity, respectively. Figure 2E and F provides the information
about the distribution of data based on the year of publica-
tion and experimental methods used to determine the bind-
ing affinity, respectively.

LINKS TO OTHER DATABASES

ProNAB is cross-linked with different sequence, struc-
ture, stability, and other relevant databases. Entries are
linked with (i) UniProt, which provides both sequence
and functional information of the protein, (ii)) PDB, three-
dimensional structural information, (iii) ProThermDB to
understand the stability of the proteins and mutants, (iv)
PROSITE, which provides details about the motif present
in the proteins, (v) DisProt to show the disorderness of the
protein, (vi) GenBank to obtain the information on nucleic
acid sequences, (vii) PDB and NDB for the protein—nucleic
acid complexes and (viil)) PUBMED for the literature infor-
mation.

DATA RETRIEVAL

The detailed information about the search and display op-
tions and an example for data retrieval from ProNAB are il-
lustrated in Figure 3. In this example, we build a query using
a combination of multiple search options as ‘Get the change
in binding free energy upon mutation ( AAG) within the range
of =5 to —1 kcal/mol in proteins with ‘single mutations’ mea-
sured at the temperature and pH in the range of 293-298 K’

and ‘5-7" respectively’ (Figure 3A). In addition, we selected
the desired columns in the display options as AA G, Temper-
ature, pH and other default options (Figure 3B). The data
is sorted based on AAG values (Figure 3C). After submit-
ting the query, the results are displayed in a table format
(Figure 3D). We also provided an option to download the
search results in CSV format and users can easily parse the
same for further analysis. On the result page, each entry ac-
cession number has a hyperlink for their respective external
page (Figure 3E), which contains the complete information.
The structural visualization is available for each entry.

DATA DOWNLOAD AND UPLOAD

Users can upload their new experimentally determined
binding affinity data of protein—nucleic acid complexes into
the ProNAB database. For uploading the data, depositors
are requested to use the ‘Data Upload’ option in the web
page and supply the following information: Protein—nucleic
acid complex name, UniProt/PDB code, PubMed or Digi-
tal Object Identifier (DOI) number. We have also provided
an option to download the entire ProNAB data by sub-
mitting a request to the corresponding author through the
‘Data Download’ option in the web page.

COMPARISON WITH EXISTING DATABASES

A detailed comparison of ProNAB with other existing
databases is given in Table 2. ProNIT is currently not ac-
cessible on the web and ProNAB has an increase of 66%
data compared to the previous version of ProNIT with a
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Figure 3. An example of data retrieval from ProNAB database using different search and display options

Table 2. Comparison of ProNAB with other existing databases

Features ProNIT dbAMEPNI PDBbind ProNAB

Availability No Yes Yes Yes

Number of Entries 12174 578 973 20 090

Number of unique PDB 124 (108 protein—-DNA, 152 (101 protein—-DNA, 973(670 protein-DNA, 1138 (798 protein-DNA,
structures 16 protein-RNA) 51 protein—-RNA) 293 protein-RNA) 340 protein-RNA)

Type of mutation All Only for alanine All All
mutation

Change in binding No Yes No Yes

affinity upon mutation

(AAG)

Availability of exact No Yes No Yes

location of data

Structure visualization No No No Yes

Protein information and Yes No No Yes

buffer conditions

Option for upload, to No No No Yes

help maintenance

Literature Year 1983-2013 1983-2017 1993-2019 1979-2021

considerable increase in entries with known structural in-
formation. dbAMEPNI has only 578 binding affinity data
specific for alanine mutations, whereas ProNAB has 2397
entries for alanine mutations and also has binding affin-
ity data for all types of mutations along with the wild-type
data. The other database, PDBbind, has binding affinity
data for biomolecular complexes (protein—protein, protein—
ligand, protein—nucleic acids) in PDB, i.e. only for com-
plexes with known structural information. On the other
hand, ProNAB is a comprehensive database for the binding
affinity of protein—nucleic acid complexes with sequence as
well as structural information. Further, ProNAB also pro-
vides other features such as change in binding affinity upon
mutations and the exact location of the data in the literature.

Also, our database has options to upload new data and links
for the structural visualization of complexes. The ProNAB
database is linked to several databases such as ProTher-
mDB, DisProt, PROSITE and GenBank.

APPLICATIONS

ProNAB has several potential applications and some of
them are listed below:

(i) Explore the relationship between binding affinity and
structural/sequence-based features of proteins and nu-
cleic acids to understand the molecular mechanism
of protein—nucleic acid interactions (25,26). ProNAB



provides a wealth of data for the binding affinities of
protein—nucleic acid complexes, which can be used to
elucidate the important features based on structure
and function, which governs the affinities.

Study the effect of mutation on the binding affinity of
the complex (27,28). ProNAB serves as a potential re-
source for providing experimentally determined bind-
ing affinities of protein—nucleic acid complexes and
their mutants. These data are useful for both large-
scale analysis as well as in-depth analysis of a specific
complex.

Develop computational tools and reliable machine
learning models for predicting the binding affinity of
protein—nucleic acid complexes and binding affinity
change upon mutations (11-14).

Design DNA/RNA aptamers with the desired affin-
ity (29,30). Using the binding affinity data of exper-
imentally determined DNA/RNA aptamers available
in ProNAB, computational and experimental methods
could be developed to design aptamers with desired
affinities.

Investigate the relationship between binding affinity
change and disease causing mutations as reported for
protein-protein complexes (31).

(i)

(iif)

(iv)

V)

DATA AVAILABILITY

ProNAB is available at https://web.iitm.ac.in/bioinfo2/
pronab/. The database is developed using HTML, CSS,
PHP, MySQL and JavaScript and it supports the latest
version of major browsers such as Firefox, Chrome and
Opera. The database will be maintained and updated reg-
ularly. Each update will be reflected on the homepage of the
database. Any constructive comments and suggestions are
welcome and should be sent to gromiha@iitm.ac.in.
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