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Background: In the past decades, the rapid development of molecular biology has led to a generation of 

an unprecedented amount of biological data obtained by the scientific community. Therefore, there is a 

significant and unmet need to store, process, and make sense of such a vast amount of data. There are 

currently available a number of databases, that cover different fields of molecular biology. 

Objectives: In this paper, we describe Protein-Nucleic Acid Structural Database with Information on 

Accessible Surface Area, ProtNA-ASA, http://www.ire.kharkov.ua/ProtNA-ASA/index.php. The main aim 

of ProtNA-ASA is to provide quick and convenient access to structural information about DNA and protein-

DNA complexes, that can be used for comprehensive study of protein-DNA recognition.  

Materials and Methods: ProtNA-ASA database comprise information based on X-ray or NMR structures 

derived from Nucleic Acids Data Bank: 973 structures of protein-DNA complexes, 129 structures of naked 

А- and 403 of B-DNA ones; following structural parameters for each structure: conformational DNA 

parameters calculated with the 3DNA/CompDNA analyzer; DNA accessible surface area calculated using 

the modified algorithm of Higo and Go; DNA electrostatic potential calculated with DelPhi package. 

Results: The recent update of ProtNA-ASA includes the electrostatic potential of the DNA minor groove 

since it plays an essential role in the indirect protein-DNA recognition process. The update also includes 

an advanced search, which serves to ease the use of the database and contribute to a more accurate structure 

selection. Advanced search allows finding structures by PDB/NDB ID, citation, length and sequence of a 

protein or DNA chain, type of structure, method of structure obtaining and resolution. All these queries can 

be used in different combinations with and/or statements. 

Conclusion: The combination of structural information and physical characteristics from the ProtNA-ASA 

database is particularly useful to scientists studying the indirect readout, that based on DNA deformability. 

The detail analyzes of protein-DNA complexes and mechanisms of protein-DNA recognition is essential 

for implications in understanding cellular processes, DNA metabolism, transcriptional regulation, and 

developing therapeutic drugs. 

KEY WORDS: structural database ProtNA-ASA; protein-DNA complexes; DNA structure; protein-DNA 

recognition. 

 

The DNA functions (reproduction and regulation of genetic information) require the 

specific binding of proteins to the target DNA sequences. Proteins need to find the appropriate 

target rapidly, distinguishing between many similar and competing DNA sequences, and tightly 

bind to their “own” sites [1, 2]. But despite the extensive study of protein-DNA recognition, it 

is still impossible to formulate universal rules of its mechanisms similar to the principle of 

complementarity [3, 4]. A successful approach for understanding the mechanisms of protein-
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nucleic acid recognition, along with the results from experimental investigations, is the data 

analysis using molecular biological databases.  

The rapid development of molecular biology in recent decades has led to the accumulation 

of scientific data and the creation of various bioinformatics databases [5]. The databases contain 

information received from scientific experiments, computational analyses, and published 

literature. It allows scientists to access a wide range of biologically relevant data. Structural 

databases [6–9] are informative for investigating protein-DNA recognition mechanisms. 

Exactly, polymorphism and the ability to conformational rearrangements are properties of the 

DNA double helix essential for successful recognition by proteins of their binding sites on DNA 

and the formation of specific protein-nucleic acid complexes [10–13].  

For example, there are several tools for extracting DNA structure parameters (3DNA [14] 

and Curves+ [15]) and databases that hold protein-DNA interaction data: 1) 3d-footprint [16], 

which provide structure-based binding specificities and sequence logos; 2) DP-Bind [17], that 

takes a user-supplied sequence of a DNA-binding protein and predicts residue positions 

involved in interactions with DNA; 3) ProNIT [18] provides experimentally determined 

thermodynamic interaction data between proteins and nucleic acids; and 4) hPDI [19] holds 

experimental protein-DNA interaction data for humans identified by protein microarray assays; 

5) PDIdb [20], a protein-DNA interaction interface database; 6) DNAproDB [21] automatically 

lays out nucleotide and residue interactions maps; ProDFace [22] is a web tool that characterizes 

the binding region of a protein-DNA complex based on amino acid propensity, hydrogen bond 

(HB) donor capacity (number of solvent accessible HB donor groups), sequence conservation 

at the interface core and rim region, and geometry. 

To the best of the authors' knowledge, among existing structural databases, most of them 

collect or generate information about protein-DNA interactions but not presents sufficient 

information on the accessible surface area (ASA) or electrostatic potential of protein-nucleic 

acid complexes. However, the dependence of the availability of the nucleic acid surface for 

contacts with solvent or/and protein, on DNA sequence is of great importance for understanding 

the indirect readout mechanism.  

Here we present an updated version of the Protein-Nucleic Acid Structural Database with 

Information on the Accessible Surface Area (ProtNA-ASA) Data Base [23]. The latest update 

includes information on minor groove electrostatic potential. In our previous research [24], we 

demonstrated that conformation changes in the sugar-phosphate DNA backbone alter the 

electrostatic potential of the DNA minor groove and are dependent on DNA sequences. Thus, 

the data stored in the updated ProtNA-ASA Data Base can facilitate the investigation of protein-

DNA recognition mechanisms and allows the determination of several structural and physical 

properties of the DNA that affect protein-DNA binding affinity. 

 

MATERIALS AND METHODS 

The presented ProtNA-ASA Data Base was built using the PHP 8.0.7 and the MySQL 

database management system. 

The ProtNA-ASA is based on the structural data of free DNA and protein-DNA complexes 

extracted from Nucleic Acids Bank, NDB [6] according to the following criteria: X-ray or NMR 

structures; resolution better than 2 Å; double stranded DNA; non-modified base pairs; more 

than 4 nucleotides in each chain. 

Conformational parameters of DNA were calculated with the 3DNA/CompDNA analyzer 

[25, 26].  

Accessible surface area (ASA) of each DNA atom in minor and major groves was 

calculated using the modified algorithm of Higo and Go [27], see ref. [28] for detail. 
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The minor-groove electrostatic potential of DNA was obtained by solving the non-linear 

Poisson-Boltzmann equation at physiological ionic strength using the software package DelPhi 

[29]. Many studies showed that DelPhi provide an accurate calculation of DNA electrostatic 

potential distribution, which is crucial for revealing the mechanisms of indirect recognition [24, 

30, 31]. According to a method proposed [11], an electrostatic potential for each DNA base pair 

was defined at the reference point located approximately in the center of minor groove and in 

plane of the base pair. Such definition of reference point allows to measure of electrostatic 

potential as a function of DNA sequence and conformation (see ref. [24] for detail of 

calculation).  

Each entry of the ProtNA-ASA database and calculated parameters are presented in 

separate files available for viewing and downloading. 

 

RESULTS AND DISCUSSION 

1. Content of ProtNA-ASA database 

After the update, the content of the ProtNA-ASA database increased to 1505 structures, of 

which: 973 structures of protein-DNA complexes; 129 structures of free A-DNA and 403 

structures of free B-DNA. All structures were extracted from the Nucleic acids Data Bank [6].  

The user interface is presented at Fig 1 a. Each entry of ProtNA-ASA Data Base is referred 

by PDB/NDB ID and contains the following information (Fig. 1 b–g): 

 
Fig. 1. Content of ProtNA-ASA Data Base. (a) an interface of ProtNA-ASA Data Base; components of protein-DNA 

complex from PDB file: protein (b), DNA (d) and water (d); (e) nucleotide torsion angles calculated with 

3DNA/CompDNA program and available in the database (base pair and step parameters not shown); (f) visualization 

of AT base pair electrostatic potential with different γ angle conformations in minor groove, electrostatic distribution 

colors (f): red — negative values, white — positive values; (g) the values of calculated ASA for Adenine in different 

γ angle conformations in minor groove; ASA colors: red — O atoms, blue — N atoms, gray — C atoms. 
 

• crystallographic coordinates of the structure in pdb format and their separate 

components: protein, DNA, water (if available); 
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• conformational parameters of DNA for each nucleotide; 

• ASA of each DNA atom in minor and major groves separately; 

• electrostatic potential of DNA minor groove. 

 

2. Minor groove electrostatic potential. 

The new version of the ProtNA-ASA Data Base is supplemented with information about 

minor groove electrostatic potential. Electrostatic potential plays an essential role in the protein-

DNA interaction process since it is the most common and long-ranged type of interaction [32]. 

The influence of DNA conformation on its electrostatic potential only recently has been 

discovered [30, 31, 33]. It was shown that the regions with a narrow minor groove are often 

associated with enhanced negative electrostatic potential [11]. Moreover, the direct calculations 

of electrostatic potential are sensitive to chemical signatures [34]. Despite similar minor groove 

width, the electrostatic potential depends on functional groups because A-T and C-G base pairs 

carry different partial charge distributions. 

Early [24] we demonstrated that the structural rearrangements of a double helix (minor 

groove sizes and the conformations of the sugar-phosphate backbone) induce changes in the 

distribution of minor groove electrostatic potential and are dependent on DNA sequence. 

Therefore, the minor groove sizes and distribution of its electrostatic potential can be used as a 

signal for proteins' recognition of their binding sites on the target DNA in the realization of the 

indirect or shape readout. 

The examples of the distribution of minor grooves' electrostatic potentials are presented 

in Fig. 1 f. The visualization of AT base pairs' electrostatic potential with different γ angle 

conformations in the minor groove is shown. One can see the significant difference in the 

structural state and minor groove's sizes and the distribution of their electrostatic potentials for 

the AT base pairs in the three different DNA structures. Thus, the information available in the 

ProtNA-ASA Data Base make it possible to obtain a combination of data for the conformation 

of local DNA fragments, the spatial and physical characteristics corresponding to these 

fragments — the areas of the accessible surface of atoms, the changes in the polarity of these 

surfaces, and the distribution of the electrostatic potential. 

 

3. Web user interface 

The database can be accessed through Internet at http://www.ire.kharkov.ua/ProtNA-

ASA/index.php. The web server has a simple user interface and include two search strategies: 

basic and advanced. In a basic search, you have one search field for entering one PDB ID. In 

contrast, an advanced search contains multiple fields which allow you to make more 

sophisticated queries Fig 2. The simplest search by PDB or NDB ID list of identifiers will return 

all matching entries in our database. Additional features can be specified as a filter, and only 

entities matched this criterion will be returned. It includes search by structure summary, DNA 

form or protein and their sequence, as well as experimental details. Description of each field is 

available as hints. Typically, the result of a submitted query will return list of entries available 

in the database with short description. 

 

CONCLUSIONS 

The increasing interest in the protein-DNA recognition process results in a growing number 

of relevant data, as well as existing resources and databases that facilitate the study of protein-

DNA complexes. The information from ProtNA-ASA Data Base provides a possibility to 

investigate how structural and physical characteristics of the DNA affect the protein binding 

affinity. The ProtNA-ASA database represents a combination of data on DNA conformation, 

its accessible surface area, and electrostatic potential. Consequently, the ProtNA-ASA Data 

http://www.ire.kharkov.ua/ProtNA-ASA/index.php
http://www.ire.kharkov.ua/ProtNA-ASA/index.php
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Base can be useful for (i) discovering the general rules of the DNA conformation variability 

and its specificity, (ii) study of the influence of double-strand conformation on the availability 

of atoms for contact in DNA grooves and on physical characteristics such as electrostatic 

potential (Fig. 1 f) or DNA accessible surface area (Fig. 1 g), (iii) for prediction of protein-

DNA binding sites. Predictions based on DNA sequence and structural information comprise 

major computational strategies commonly used to identify DNA-binding residues in a protein 

[35]. Therefore, using structural databases, in particular, the ProtNA-ASA Data Base [36] can 

improve the accuracy of such predictions. 

ProtNA-ASA Data Base is freely accessible for any academic and educational purposes. 

 

 
Fig. 2. Advanced search appearance. 
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БАЗА ДАНИХ PROTNA-ASA: НОВА ВЕРСІЯ, ЩО ВКЛЮЧАЄ ІНФОРМАЦІЮ ПРО 

ЕЛЕКТРОСТАТИЧНИЙ ПОТЕНЦІАЛ МАЛОГО ЖОЛОБКА ДНК 

M. Ю. Житнікова, Г. В. Шестопалова 
 Інститут радіофізики та електроніки ім. О. Я. Усікова НАН України, вул. Ак. Проскури, 12, Харків, Україна, 61085 

Надійшла до редакції 15 листопада 2022 р. Прийнята до друку 13 грудня 2022 р. 

 

Актуальність: В останні десятиліття швидкий розвиток молекулярної біології призвів до створення 

безпрецедентної кількості біологічних даних, отриманих науковою спільнотою. Тому існує значна 

потреба у зберіганні, обробці та розумінні великого обсягу даних. На даний час існує велика 

кількість специфічних баз даних, які охоплюють різні галузі молекулярної біології. 

Мета роботи: Стаття присвячена опису оновленої бази даних ProtNA-ASA 

(http://www.ire.kharkov.ua/ProtNA-ASA/index.php). Основна мета бази даних ProtNA-ASA — 

забезпечити швидкий і зручний доступ до інформації про ДНК та білково-нуклеїнові комплекси, 

яка може бути використана для всебічного дослідження механізмів білково-нуклеїнового 

впізнавання. 

Матеріали та методи: База даних ProtNA-ASA містить інформацію про структури з Банку даних 

нуклеїнових кислот, отриманих методами рентгеноструктурного аналізу та ЯМР: 973 структури 

білково-нуклеїнових комплексів, 129 структур вільної А- та 403 структури вільної В-ДНК; наступні 

параметри для кожної структури: конформаційні параметри ДНК, розраховані за допомогою 

програми 3DNA/CompDNA; площу доступної поверхні ДНК, розраховану за допомогою 

модифікованого алгоритму Higo і Go; електростатичний потенціал ДНК, розрахований з 

використанням пакету DelPhi.  

Результати: Оновлена база даних ProtNA-ASA включає значення електростатичного потенціалу 

ДНК, розподіл якого у малому жолобку відіграє важливу роль у непрямому білково-нуклеїновому 

впізнаванні. Останнє оновлення також дозволяє проводити розширений пошук інформації з 

використанням PDB/NDB ID; цитування; довжини та послідовності білка і ДНК; типу структури; 

методу отримання структури та роздільної здатності. Усі запити можна застосовувати в різних 

комбінаціях з операторами та/або. Це суттєво полегшує використання бази даних і сприяє більш 

точному відбору структур. 

Висновки: Об’єднання структурної інформації та фізичних характеристик з бази даних ProtNA-

ASA є важливим при дослідженні непрямого механізму впізнавання, заснованого на здатності 

подвійної спіралі ДНК до конформаційних перебудов. Детальний аналіз структур білково-

нуклеїнових комплексів і механізмів впізнавання необхідний для розуміння метаболізму ДНК в 

клітині, регуляції транскрипції, розробки терапевтичних препаратів.  
КЛЮЧОВІ СЛОВА: структурна база даних ProtNA-ASA; білково-нуклеїнові комплекси; структура ДНК; 

білково-нуклеїнове впізнавання. 
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