


4/2/23, 9:57 PM Journal of Biomolecular Structure and Dynamics Editorial Board

https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20 1/5

  Cart

Home   All Journals   Journal of Biomolecular Structure and Dynamics   Editorial Board

Journal of Biomolecular Structure and Dynamics

Publish

with us
Explore


Latest
issue

Subscribe

 Purchase a
subscription

Submit an
article

About this
journal

Browse all
articles & issues


Alerts &

RSS feed

Ready to submit?

Start a new manuscript submission or continue a submission in progress

Go to submission site 

Submission information

 Instructions for authors

 Editorial policies 

Editing services

 Editing services site 

About this journal

 Journal metrics

 Aims & scope

 Journal information

 Editorial board

 News & call for papers

 Advertising information

Editorial board

 Log in  |  Register

https://www.tandfonline.com/action/showCart?FlowID=1
https://www.tandfonline.com/
https://www.tandfonline.com/action/showPublications?pubType=journal
https://www.tandfonline.com/tbsd20
https://www.tandfonline.com/journals/tbsd20
https://www.tandfonline.com/toc/tbsd20/current
https://www.tandfonline.com/pricing/journal/tbsd20
https://rp.tandfonline.com/submission/create?journalCode=TBSD
https://www.tandfonline.com/action/authorSubmission?show=instructions&journalCode=tbsd20
https://authorservices.taylorandfrancis.com/editorial-policies
https://www.tandfeditingservices.com/?utm_source=TFO&utm_medium=cms&utm_campaign=JQF21509
https://www.tandfonline.com/action/journalInformation?show=journalMetrics&journalCode=tbsd20
https://www.tandfonline.com/action/journalInformation?show=aimsScope&journalCode=tbsd20
https://www.tandfonline.com/action/journalInformation?journalCode=tbsd20
https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20
https://www.tandfonline.com/action/newsAndOffers?journalCode=tbsd20
https://www.tandfonline.com/servlet/linkout?url=https%3A%2F%2Ftaylorandfrancis.com%2Fpartnership%2Fcommercial%2Fadvertising-solutions%2F
https://www.tandfonline.com/
https://www.tandfonline.com/action/showLogin?uri=%2Faction%2FjournalInformation%3Fshow%3DeditorialBoard%26journalCode%3Dtbsd20
https://www.tandfonline.com/action/registration?redirectUri=%2F


4/2/23, 9:57 PM Journal of Biomolecular Structure and Dynamics Editorial Board

https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20 2/5

Editor-in-Chief

Ramaswamy H. Sarma
Institute of Biomolecular Stereodynamics, Department of Chemistry

The University at Albany, Albany NY 12222 USA

Ph: 518-456-9362/518-442-4454; Fx:

518-452-4955 

; Email: rhs07@albany.edu

Associate Editors

Mohd Adnan
University of Ha'il, Saudi Arabia

Imtiyaz Hassan
Centre for Interdisciplinary Research in Basic Sciences, India

Vsevolod Makeev
Vavilov Institute of General Genetics, Russia

Freddie Salsbury
Wake Forest University, USA

Board of Editors

Elena Bichenkova
University of Manchester, UK

Thomas E. Cheatham, III

University of Utah, USA

Christo Z. Christov
Northumbria University, Newcastle-upon-Tyne, UK

Miroslav Fojta
Institute of Biophysics, Czech Republic

Yaakov (Koby) Levy

Weizmann Institute of Science, Israel

mailto:rhs07@albany.edu


4/2/23, 9:57 PM Journal of Biomolecular Structure and Dynamics Editorial Board

https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20 3/5

Luis A. Marky
University of Nebraska Medical Center, USA

Aditya Mittal

lIT-Delhi, India

Remo Rohs
University of Southern California., USA

Wolfram Saenger
Freie Universität Berlin, Germany

Irina M. Russu
Wesleyan University, USA

Zippora Shakked
Weizmann Institute of Science, Israel

R. Sowdhamini
National Center for Biological Sciences, India

Jiri Sponer
Academy of Sciences of the Czech Republic

Vladimir Uversky
Univ. of South Florida, Tampa, USA

Sybren S. Wijmenga

Radboud University Nijmegen, Netherlands

Krystyna Zakrzewska
IBCP, Lyon, France

Dmitry O. Zharkov
SB RAS Institute of Chemical Biology, Russia

Editorial Advisory Board

Manju Bansal
Indian Institute of Science, Bangalore, India

David L. Beveridge
Wesleyan University, USA



4/2/23, 9:57 PM Journal of Biomolecular Structure and Dynamics Editorial Board

https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20 4/5

Samir K. Brahmachari
CSIR, New Delhi, India

Takashi Gojobori

National Institute of Genetics, Mishima, Japan

Andrew H.-J. Wang
Academia Sinica, Taiwan

David M. J. Lilley FRS
University of Dundee, UK

Martin Karplus
Nobel Laureate,

Harvard University, USA

Olga Kennard FRS
University of Cambridge, UK

Hamilton Smith

Nobel Laureate,

Johns Hopkins University, USA

Edward N. Trifonov
University of Haifa, Israel

Chun-Ting Zhan
Tianjin University, China

https://www.tandfonline.com/action/clickThrough?id=110803&url=%2Fr%2Fsubjectsample-bioscience&loc=%2Faction%2FjournalInformation%3Fshow%3DeditorialBoard%26journalCode%3Dtbsd20&pubId=45208216&placeholderId=101380&productId=1828
https://www.tandfonline.com/action/clickThrough?id=111977&url=https%3A%2F%2Fwww.tandfonline.com%2Fjournals%2Ftalm20%2F%3Futm_source%3DTFO%26utm_medium%3Dcms%26utm_campaign%3DJSA33402&loc=%2Faction%2FjournalInformation%3Fshow%3DeditorialBoard%26journalCode%3Dtbsd20&pubId=45208216&placeholderId=101385&productId=2977


4/2/23, 9:57 PM Journal of Biomolecular Structure and Dynamics Editorial Board

https://www.tandfonline.com/action/journalInformation?show=editorialBoard&journalCode=tbsd20 5/5

Information for

Authors

R&D professionals

Editors

Librarians

Societies

Open access

Overview

Open journals

Open Select

Dove Medical Press

F1000Research

Opportunities

Reprints and e-prints

Advertising solutions

Accelerated publication

Corporate access solutions

Help and information

Help and contact

Newsroom

All journals

Books

 Sign me up

  

 

Keep up to date

Register to receive personalised research and resources
by email

Copyright © 2023 Informa UK Limited Privacy policy Cookies Terms &

conditions Accessibility

Registered in England & Wales No. 3099067
5 Howick Place | London | SW1P 1WG

https://authorservices.taylorandfrancis.com/
https://taylorandfrancis.com/who-we-serve/industry-government/business/
https://editorresources.taylorandfrancisgroup.com/
https://www.tandfonline.com/page/librarians
https://www.tandfonline.com/societies
https://www.tandfonline.com/openaccess
https://www.tandfonline.com/openaccess/openjournals
https://www.tandfonline.com/openaccess/openselect
https://www.tandfonline.com/openaccess/dove
https://www.tandfonline.com/openaccess/f1000
https://taylorandfrancis.com/who-we-serve/industry-government/marketing/
https://taylorandfrancis.com/partnership/commercial/advertising-solutions/
https://taylorandfrancis.com/partnership/commercial/accelerated-publication/
https://taylorandfrancis.com/who-we-serve/industry-government/business/purchasing-options/
https://help.tandfonline.com/
https://newsroom.taylorandfrancisgroup.com/
https://www.tandfonline.com/journals?&pageSize=3000
https://www.routledge.com/?utm_source=website&utm_medium=banner&utm_campaign=B004808_em1_10p_5ec_d713_footeradspot
https://taylorandfrancis.formstack.com/forms/tfoguest_signup
http://facebook.com/TaylorandFrancisGroup
https://twitter.com/tandfonline
http://linkedin.com/company/taylor-&-francis-group
https://www.youtube.com/user/TaylorandFrancis
http://www.weibo.com/tandfchina
https://informa.com/privacy-policy/
https://www.tandfonline.com/cookies
https://www.tandfonline.com/terms-and-conditions
https://www.tandfonline.com/accessibility
http://taylorandfrancis.com/


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 1/27

  Cart

Home   All Journals   Journal of Biomolecular Structure and Dynamics   List of Issues
 Volume 40, Issue 21

Journal of Biomolecular Structure and Dynamics

Publish

with us
Explore


Latest
issue

Subscribe

 Purchase a
subscription

Submit an
article

About this
journal

Browse all
articles & issues


Alerts &

RSS feed

Browse this journal

 Latest articles

 Current issue

 List of issues

 Special issues

 Open access articles

 Most read articles

 Most cited articles

 Log in  |  Register

https://www.tandfonline.com/action/showCart?FlowID=1
https://www.tandfonline.com/
https://www.tandfonline.com/action/showPublications?pubType=journal
https://www.tandfonline.com/tbsd20
https://www.tandfonline.com/loi/tbsd20
https://www.tandfonline.com/journals/tbsd20
https://www.tandfonline.com/toc/tbsd20/current
https://www.tandfonline.com/pricing/journal/tbsd20
https://www.tandfonline.com/tbsd20
https://www.tandfonline.com/action/showAxaArticles?journalCode=tbsd20
https://www.tandfonline.com/toc/tbsd20/current
https://www.tandfonline.com/loi/tbsd20
https://www.tandfonline.com/journals/tbsd20/special-issues
https://www.tandfonline.com/action/showOpenAccess?journalCode=tbsd20
https://www.tandfonline.com/action/showMostReadArticles?journalCode=tbsd20
https://www.tandfonline.com/action/showMostCitedArticles?journalCode=tbsd20
https://www.tandfonline.com/
https://www.tandfonline.com/action/showLogin?uri=%2Ftoc%2Ftbsd20%2F40%2F21%3Fnav%3DtocList
https://www.tandfonline.com/action/registration?redirectUri=%2F


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 2/27

Journal of Biomolecular Structure and

Dynamics, Volume 40, Issue 21 (2022)

See all volumes and issues

  

 Download citations  Download PDFs

Research Articles

 Vol 39, 2021  Vol 3 Volume 40, 2022

 ssue
20  

Issue
19  

Issue
18  

Issu
17



Article
Design, synthesis, and molecular dynamics simulation studies of

quinoline derivatives as protease inhibitors against SARS-CoV-2

Vishal K. Singh, Himani Chaurasia, Priyanka Kumari, Anup Som, Richa Mishra, Ritika
Srivastava, Farha Naaz, Anuradha Singh & Ramendra K. Singh

Pages: 10519-10542

Published online: 12 Jul 2021



 Browse by section (All)  Display order (Default)

https://www.tandfonline.com/action/clickThrough?id=5925&url=%2Fr%2Fsubjectsample-bioscience&loc=%2Ftoc%2Ftbsd20%2F40%2F21%3Fnav%3DtocList&pubId=55963202&placeholderId=1074&productId=1828
https://www.tandfonline.com/loi/tbsd20
https://www.tandfonline.com/action/tocQuickLink?quickLinkJournal=tbsd20&quickLinkId=vtbsd20-39
https://www.tandfonline.com/action/tocQuickLink?quickLinkJournal=tbsd20&quickLinkId=vtbsd20-38
https://www.tandfonline.com/action/tocQuickLink?quickLinkJournal=tbsd20&quickLinkId=vtbsd20-40
https://www.tandfonline.com/toc/tbsd20/40/20?nav=tocList
https://www.tandfonline.com/toc/tbsd20/40/19?nav=tocList
https://www.tandfonline.com/toc/tbsd20/40/18?nav=tocList
https://www.tandfonline.com/toc/tbsd20/40/17?nav=tocList
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1946716
https://www.tandfonline.com/author/Singh%2C+Vishal+K
https://www.tandfonline.com/author/Chaurasia%2C+Himani
https://www.tandfonline.com/author/Kumari%2C+Priyanka
https://www.tandfonline.com/author/Som%2C+Anup
https://www.tandfonline.com/author/Mishra%2C+Richa
https://www.tandfonline.com/author/Srivastava%2C+Ritika
https://www.tandfonline.com/author/Naaz%2C+Farha
https://www.tandfonline.com/author/Singh%2C+Anuradha
https://www.tandfonline.com/author/Singh%2C+Ramendra+K
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1946716


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 3/27

319
Views

7
CrossRef citations

1
Altmetric

Article
In silico identification of antidiabetic target for phytochemicals of A.

marmelos and mechanistic insights by molecular dynamics

simulations

Priyanka Sharma, Tushar Joshi, Shalini Mathpal, Subhash Chandra & Sushma Tamta

Pages: 10543-10560

Published online: 06 Jul 2021

225
Views

3
CrossRef citations

1
Altmetric



Article
Molecular docking and simulation studies of flavonoid compounds

against PBP-2a of methicillin‐resistant Staphylococcus aureus

Abhishek Kumar Verma, Sk. Faisal Ahmed, Md. Shahadat Hossain, Ali Asger Bhojiya, Ankita
Mathur, Sudhir K. Upadhyay, Abhishek K. Srivastava, Naveen Kumar Vishvakarma,
Mayadhar Barik, Md. Mizanur Rahaman & Newaz Mohammed Bahadur

Pages: 10561-10577

Published online: 09 Jul 2021

630
Views

8
CrossRef citations

1
Altmetric



Article
Immunoinformatics based design and prediction of proteome-wide

killer cell epitopes of Leishmania donovani: Potential application in

vaccine development

Mohammad Kashif, Sumit Kumar Hira & Partha Pratim Manna

Pages: 10578-10591

Published online: 05 Jul 2021

135
Views

2
CrossRef citations

1
Altmetric



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1944910
https://www.tandfonline.com/author/Sharma%2C+Priyanka
https://www.tandfonline.com/author/Joshi%2C+Tushar
https://www.tandfonline.com/author/Mathpal%2C+Shalini
https://www.tandfonline.com/author/Chandra%2C+Subhash
https://www.tandfonline.com/author/Tamta%2C+Sushma
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1944911
https://www.tandfonline.com/author/Verma%2C+Abhishek+Kumar
https://www.tandfonline.com/author/Ahmed%2C+Sk+Faisal
https://www.tandfonline.com/author/Hossain%2C+Md+Shahadat
https://www.tandfonline.com/author/Bhojiya%2C+Ali+Asger
https://www.tandfonline.com/author/Mathur%2C+Ankita
https://www.tandfonline.com/author/Upadhyay%2C+Sudhir+K
https://www.tandfonline.com/author/Srivastava%2C+Abhishek+K
https://www.tandfonline.com/author/Vishvakarma%2C+Naveen+Kumar
https://www.tandfonline.com/author/Barik%2C+Mayadhar
https://www.tandfonline.com/author/Rahaman%2C+Md+Mizanur
https://www.tandfonline.com/author/Bahadur%2C+Newaz+Mohammed
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1945495
https://www.tandfonline.com/author/Kashif%2C+Mohammad
https://www.tandfonline.com/author/Hira%2C+Sumit+Kumar
https://www.tandfonline.com/author/Manna%2C+Partha+Pratim


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 4/27

Article
An enhanced methodology for predicting protein-protein

interactions between human and hepatitis C virus via ensemble

learning algorithms

Xin Liu, Liang Wang, Cheng-Hao Liang, Ya-Ping Lu, Ting Yang & Xiao Zhang

Pages: 10592-10602

Published online: 11 Jul 2021

114
Views

0
CrossRef citations

0
Altmetric



Article
In silico modeling and empirical study of 4-n-Butylresorcinol

nanoliposome formulation

Rini Dwiastuti, Muhammad Radifar, Dina Christin Ayuning Putri, Florentinus Dika Octa
Riswanto & Maywan Hariono

Pages: 10603-10613

Published online: 08 Jul 2021

95
Views

0
CrossRef citations

0
Altmetric



Article
Observing reorientation dynamics with Time-Resolved fluorescence

and molecular dynamics in varying periodic boundary conditions

Gouri S. Jas, Ed W. Childs, C. Russell Middaugh & Krzysztof Kuczera

Pages: 10614-10628

Published online: 24 Jul 2021

96
Views

0
CrossRef citations

0
Altmetric



Article
Plant derived active compounds as potential anti SARS-CoV-2

agents: an in-silico study

Dharmendra Kashyap, Shweta Jakhmola, Deeksha Tiwari, Rajesh Kumar, N. S. Hari
Narayana Moorthy, Manivannan Elangovan, Natércia F. Brás & Hem Chandra Jha



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1946429
https://www.tandfonline.com/author/Liu%2C+Xin
https://www.tandfonline.com/author/Wang%2C+Liang
https://www.tandfonline.com/author/Liang%2C+Cheng-Hao
https://www.tandfonline.com/author/Lu%2C+Ya-Ping
https://www.tandfonline.com/author/Yang%2C+Ting
https://www.tandfonline.com/author/Zhang%2C+Xiao
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1946430
https://www.tandfonline.com/author/Dwiastuti%2C+Rini
https://www.tandfonline.com/author/Radifar%2C+Muhammad
https://www.tandfonline.com/author/Putri%2C+Dina+Christin+Ayuning
https://www.tandfonline.com/author/Riswanto%2C+Florentinus+Dika+Octa
https://www.tandfonline.com/author/Hariono%2C+Maywan
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947894
https://www.tandfonline.com/author/Jas%2C+Gouri+S
https://www.tandfonline.com/author/Childs%2C+Ed+W
https://www.tandfonline.com/author/Middaugh%2C+C+Russell
https://www.tandfonline.com/author/Kuczera%2C+Krzysztof
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947384
https://www.tandfonline.com/author/Kashyap%2C+Dharmendra
https://www.tandfonline.com/author/Jakhmola%2C+Shweta
https://www.tandfonline.com/author/Tiwari%2C+Deeksha
https://www.tandfonline.com/author/Kumar%2C+Rajesh
https://www.tandfonline.com/author/Moorthy%2C+N+S+Hari+Narayana
https://www.tandfonline.com/author/Elangovan%2C+Manivannan
https://www.tandfonline.com/author/Br%C3%A1s%2C+Nat%C3%A9rcia+F
https://www.tandfonline.com/author/Jha%2C+Hem+Chandra


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 5/27

Pages: 10629-10650

Published online: 06 Jul 2021

500
Views

9
CrossRef citations

2
Altmetric

Article
Spectroscopic, quantum chemical, molecular docking and molecular

dynamics investigations of hydroxylic indole-3-pyruvic acid: a

potent candidate for nonlinear optical applications and Alzheimer’s

drug

Stève-Jonathan Koyambo-Konzapa, Gilbert Yvon Mbesse Kongbonga, Premkumar R,
Berthelot Saïd Duvalier Ramlina Vamhindi, Mama Nsangou & A. Milton Franklin Benial

Pages: 10651-10664

Published online: 15 Jul 2021

139
Views

4
CrossRef citations

1
Altmetric



Article
In silico identification of potential Hsp90 inhibitors via ensemble

docking, DFT and molecular dynamics simulations

Saba Rezvani, Ahmad Ebadi & Nima Razzaghi-Asl

Pages: 10665-10676

Published online: 21 Jul 2021

238
Views

2
CrossRef citations

0
Altmetric



Article

https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947380
https://www.tandfonline.com/author/Koyambo-Konzapa%2C+St%C3%A8ve-Jonathan
https://www.tandfonline.com/author/Mbesse+Kongbonga%2C+Gilbert+Yvon
https://www.tandfonline.com/author/R%2C+Premkumar
https://www.tandfonline.com/author/Ramlina+Vamhindi%2C+Berthelot+Sa%C3%AFd+Duvalier
https://www.tandfonline.com/author/Nsangou%2C+Mama
https://www.tandfonline.com/author/Franklin+Benial%2C+A+Milton
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947383
https://www.tandfonline.com/author/Rezvani%2C+Saba
https://www.tandfonline.com/author/Ebadi%2C+Ahmad
https://www.tandfonline.com/author/Razzaghi-Asl%2C+Nima
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947383


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 6/27

Tuning the structural and catalytic properties of copper(II)-based

complexes containing pyridine-2,6-diimines

Mohamed M. Ibrahim, Shaban Y. Shaban, Ahmed A. Amer, Soha F. Mohamed, Ahmed M.
Fathy, Sami A. Al-Harbi & Abd El-Motaleb M. Ramadan

Pages: 10677-10695

Published online: 26 Aug 2021

135
Views

1
CrossRef citations

0
Altmetric



Article
In silico design of epitope-based peptide vaccine against non-

typhoidal Salmonella through immunoinformatic approaches

Md. Chayan Ali, Mst. Shanzeda Khatun, Sultana Israt Jahan, Raju Das, Yeasmin Akter Munni,
Md Ma�zur Rahman & Raju Dash

Pages: 10696-10714

Published online: 11 Jul 2021

223
Views

1
CrossRef citations

0
Altmetric



Article
Bio-inspired nickel nanoparticles of pyrimidine-Schiff base: In vitro

anticancer, BSA and DNA interactions, molecular docking and

antioxidant studies

Paulraj Adwin Jose, Murugesan Sankarganesh, Jeyaraj Dhaveethu Raja, Gurusamy
Sankararaj Senthilkumar, Radhakrishnan Nandini Asha, Samuelraj Johnson Raja & Clarence
Dorothy Sheela

Pages: 10715-10729

Published online: 09 Jul 2021

202 2 0



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947379
https://www.tandfonline.com/author/Ibrahim%2C+Mohamed+M
https://www.tandfonline.com/author/Shaban%2C+Shaban+Y
https://www.tandfonline.com/author/Amer%2C+Ahmed+A
https://www.tandfonline.com/author/Mohamed%2C+Soha+F
https://www.tandfonline.com/author/Fathy%2C+Ahmed+M
https://www.tandfonline.com/author/Al-Harbi%2C+Sami+A
https://www.tandfonline.com/author/Ramadan%2C+Abd+El-Motaleb+M
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947381
https://www.tandfonline.com/author/Ali%2C+Md+Chayan
https://www.tandfonline.com/author/Khatun%2C+Mst+Shanzeda
https://www.tandfonline.com/author/Jahan%2C+Sultana+Israt
https://www.tandfonline.com/author/Das%2C+Raju
https://www.tandfonline.com/author/Munni%2C+Yeasmin+Akter
https://www.tandfonline.com/author/Rahman%2C+Md+Mafizur
https://www.tandfonline.com/author/Dash%2C+Raju
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947382
https://www.tandfonline.com/author/Adwin+Jose%2C+Paulraj
https://www.tandfonline.com/author/Sankarganesh%2C+Murugesan
https://www.tandfonline.com/author/Dhaveethu+Raja%2C+Jeyaraj
https://www.tandfonline.com/author/Senthilkumar%2C+Gurusamy+Sankararaj
https://www.tandfonline.com/author/Nandini+Asha%2C+Radhakrishnan
https://www.tandfonline.com/author/Raja%2C+Samuelraj+Johnson
https://www.tandfonline.com/author/Sheela%2C+Clarence+Dorothy
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947382


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 7/27

Views CrossRef citations Altmetric

Article
Synthesis, α-amylase and α-glucosidase inhibition and molecular

docking studies of indazole derivatives

Muhammad Nawaz, Muhammad Taha, Faiza Qureshi, Nisar Ullah, Manikandan Selvaraj,
Sumaira Shahzad, Sridevi Chigurupati, Samar A. Abubshait, Tauqir Ahmad, Sampath
Chinnam & Soleiman Hisaindee

Pages: 10730-10740

Published online: 31 Aug 2021

329
Views

5
CrossRef citations

0
Altmetric



Article
Identification of potential phytochemicals from Citrus Limon

against main protease of SARS-CoV-2: molecular docking,

molecular dynamic simulations and quantum computations

Jishan Khan, Shahenur Alam Sakib, Sha� Mahmud, Zidan Khan, Mohammad Nazmul Islam,
Mahfuz Ahmed Sakib, Talha Bin Emran & Jesus Simal-Gandara

Pages: 10741-10752

Published online: 19 Jul 2021

424
Views

14
CrossRef citations

1
Altmetric



Article

https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947892
https://www.tandfonline.com/author/Nawaz%2C+Muhammad
https://www.tandfonline.com/author/Taha%2C+Muhammad
https://www.tandfonline.com/author/Qureshi%2C+Faiza
https://www.tandfonline.com/author/Ullah%2C+Nisar
https://www.tandfonline.com/author/Selvaraj%2C+Manikandan
https://www.tandfonline.com/author/Shahzad%2C+Sumaira
https://www.tandfonline.com/author/Chigurupati%2C+Sridevi
https://www.tandfonline.com/author/Abubshait%2C+Samar+A
https://www.tandfonline.com/author/Ahmad%2C+Tauqir
https://www.tandfonline.com/author/Chinnam%2C+Sampath
https://www.tandfonline.com/author/Hisaindee%2C+Soleiman
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947893
https://www.tandfonline.com/author/Khan%2C+Jishan
https://www.tandfonline.com/author/Sakib%2C+Shahenur+Alam
https://www.tandfonline.com/author/Mahmud%2C+Shafi
https://www.tandfonline.com/author/Khan%2C+Zidan
https://www.tandfonline.com/author/Islam%2C+Mohammad+Nazmul
https://www.tandfonline.com/author/Sakib%2C+Mahfuz+Ahmed
https://www.tandfonline.com/author/Emran%2C+Talha+Bin
https://www.tandfonline.com/author/Simal-Gandara%2C+Jesus
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947893


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 8/27

Computational studies on phylogeny and drug designing using

molecular simulations for COVID-19

Faisal Nabi, Owais Ahmad, Yawar Ali Khan, Anas Nabi, Hashmi Md Amiruddin, Faizan Abul
Qais, Aiman Masroor, Malik Hisamuddin, Vladimir N. Uversky & Rizwan Hasan Khan

Pages: 10753-10762

Published online: 19 Jul 2021

356
Views

8
CrossRef citations

1
Altmetric



Article
One microsecond MD simulations of the SARS-CoV-2 main protease

and hydroxychloroquine complex reveal the intricate nature of

binding

Prateek Kumar, Taniya Bhardwaj, Ankur Kumar, Neha Garg & Rajanish Giri

Pages: 10763-10770

Published online: 29 Jul 2021

158
Views

1
CrossRef citations

4
Altmetric



Article
Dietary factors and SARS-CoV-2 contagion: in silico studies on

modulation of viral and host proteins by spice actives

Kottapalli Srividya, Snober S. Mir, Saravanamuthu Thiyagarajan & Aamir Nazir

Pages: 10771-10782

Published online: 13 Jul 2021

163
Views

0
CrossRef citations

0
Altmetric



Article
Data mining and network analysis reveals C-X-C chemokine

receptor type 5 is involved in the pathophysiology of age-related

macular degeneration

Madhu Sudhana Saddala, Anton Lennikov, Anthony Mukwaya, Xu Yang, Shibo Tang & Hu
Huang



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1947895
https://www.tandfonline.com/author/Nabi%2C+Faisal
https://www.tandfonline.com/author/Ahmad%2C+Owais
https://www.tandfonline.com/author/Khan%2C+Yawar+Ali
https://www.tandfonline.com/author/Nabi%2C+Anas
https://www.tandfonline.com/author/Md+Amiruddin%2C+Hashmi
https://www.tandfonline.com/author/Abul+Qais%2C+Faizan
https://www.tandfonline.com/author/Masroor%2C+Aiman
https://www.tandfonline.com/author/Hisamuddin%2C+Malik
https://www.tandfonline.com/author/Uversky%2C+Vladimir+N
https://www.tandfonline.com/author/Khan%2C+Rizwan+Hasan
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1948447
https://www.tandfonline.com/author/Kumar%2C+Prateek
https://www.tandfonline.com/author/Bhardwaj%2C+Taniya
https://www.tandfonline.com/author/Kumar%2C+Ankur
https://www.tandfonline.com/author/Garg%2C+Neha
https://www.tandfonline.com/author/Giri%2C+Rajanish
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1948448
https://www.tandfonline.com/author/Srividya%2C+Kottapalli
https://www.tandfonline.com/author/Mir%2C+Snober+S
https://www.tandfonline.com/author/Thiyagarajan%2C+Saravanamuthu
https://www.tandfonline.com/author/Nazir%2C+Aamir
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1949391
https://www.tandfonline.com/author/Saddala%2C+Madhu+Sudhana
https://www.tandfonline.com/author/Lennikov%2C+Anton
https://www.tandfonline.com/author/Mukwaya%2C+Anthony
https://www.tandfonline.com/author/Yang%2C+Xu
https://www.tandfonline.com/author/Tang%2C+Shibo
https://www.tandfonline.com/author/Huang%2C+Hu


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 9/27

Pages: 10783-10792

Published online: 09 Jul 2021

210
Views

1
CrossRef citations

1
Altmetric

Article
Non-equilibrium molecular dynamics study of human aquaporin-2

in the static external electric fields

Hooman Hadidi & Reza Kamali

Pages: 10793-10801

Published online: 09 Jul 2021

83
Views

1
CrossRef citations

0
Altmetric



Article
A DFT study on OH radical scavenging activities of eriodictyol,

Isosakuranetin and pinocembrin

Şaban Erdoğan & Dilara Özbakır Işın

Pages: 10802-10811

Published online: 21 Jul 2021

254
Views

1
CrossRef citations

0
Altmetric



Article
Drug repurposing based novel anti-leishmanial drug screening

using in-silico and in-vitro approaches

Praveen Rai, Hemant Arya, Satabdi Saha, Diwakar Kumar & Tarun Kumar Bhatt

Pages: 10812-10820

Published online: 11 Jul 2021

238
Views

1
CrossRef citations Altmetric



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950570
https://www.tandfonline.com/author/Hadidi%2C+Hooman
https://www.tandfonline.com/author/Kamali%2C+Reza
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950572
https://www.tandfonline.com/author/Erdo%C4%9Fan%2C+%C5%9Eaban
https://www.tandfonline.com/author/%C3%96zbak%C4%B1r+I%C5%9F%C4%B1n%2C+Dilara
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950574
https://www.tandfonline.com/author/Rai%2C+Praveen
https://www.tandfonline.com/author/Arya%2C+Hemant
https://www.tandfonline.com/author/Saha%2C+Satabdi
https://www.tandfonline.com/author/Kumar%2C+Diwakar
https://www.tandfonline.com/author/Bhatt%2C+Tarun+Kumar


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 10/27

Article
Structural insights into the mechanism of human methyltransferase

hPRMT4

Amar Pratap Singh, Rakesh Kumar & Dinesh Gupta

Pages: 10821-10834

Published online: 24 Jul 2021

305
Views

0
CrossRef citations Altmetric



Article
A detailed theoretical exploration on the THR-β binding affinities

and antioxidant activity of some halogenated bisphenols

Saman Zare Gheshlaghi, Ali Ebrahimi & Zeinab Faghih

Pages: 10835-10851

Published online: 19 Jul 2021

173
Views

1
CrossRef citations Altmetric



Article
Understanding the co-evolutionary molecular mechanisms of

resistance in the HIV-1 Gag and protease

Veronna Marie & Michelle Gordon

Pages: 10852-10861

Published online: 12 Jul 2021

127
Views

2
CrossRef citations Altmetric



Article
Polymorphisms at site 469 of B-RAF protein associated with skin

melanoma may be correlated with dabrafenib resistance: An in silico

study

Samadrita Chatterjee, Rajkumar Chakraborty & Yasha Hasija

Pages: 10862-10877



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950567
https://www.tandfonline.com/author/Singh%2C+Amar+Pratap
https://www.tandfonline.com/author/Kumar%2C+Rakesh
https://www.tandfonline.com/author/Gupta%2C+Dinesh
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950568
https://www.tandfonline.com/author/Gheshlaghi%2C+Saman+Zare
https://www.tandfonline.com/author/Ebrahimi%2C+Ali
https://www.tandfonline.com/author/Faghih%2C+Zeinab
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950569
https://www.tandfonline.com/author/Marie%2C+Veronna
https://www.tandfonline.com/author/Gordon%2C+Michelle
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950571
https://www.tandfonline.com/author/Chatterjee%2C+Samadrita
https://www.tandfonline.com/author/Chakraborty%2C+Rajkumar
https://www.tandfonline.com/author/Hasija%2C+Yasha


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 11/27

Published online: 19 Jul 2021

144
Views

0
CrossRef citations Altmetric

Article
Unveiling the mechanistic roles of chlorine substituted

phthalazinone-based compounds containing chlorophenyl moiety

towards the differential inhibition of poly (ADP-ribose) polymerase-

1 in the treatment of lung cancer

Felix O. Okunlola, Fisayo A. Olotu & Mahmoud E. S. Soliman

Pages: 10878-10886

Published online: 31 Aug 2021

161
Views

1
CrossRef citations Altmetric



Article
Network pharmacological evaluation of Withania somnifera

bioactive phytochemicals for identifying novel potential inhibitors

against neurodegenerative disorder

Sonu Pahal, Ayushi Gupta, Princy Choudhary, Amit Chaudhary & Sangeeta Singh

Pages: 10887-10898

Published online: 19 Jul 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1950571
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1951354
https://www.tandfonline.com/author/Okunlola%2C+Felix+O
https://www.tandfonline.com/author/Olotu%2C+Fisayo+A
https://www.tandfonline.com/author/Soliman%2C+Mahmoud+E+S
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1951355
https://www.tandfonline.com/author/Pahal%2C+Sonu
https://www.tandfonline.com/author/Gupta%2C+Ayushi
https://www.tandfonline.com/author/Choudhary%2C+Princy
https://www.tandfonline.com/author/Chaudhary%2C+Amit
https://www.tandfonline.com/author/Singh%2C+Sangeeta


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 12/27

350
Views

5
CrossRef citations Altmetric

Article
Impact of F80M and F83M mutations on the functionality of

fluoride ion channel elucidated in microsecond level molecular

dynamic simulation

Pulala Raghuveer Yadav & Syed Hussain Basha

Pages: 10899-10904

Published online: 31 Aug 2021

83
Views

1
CrossRef citations Altmetric



Article
Protein degradation: a novel computational approach to design

protein degrader probes for main protease of SARS-CoV-2

Muhammed Shaheer, Ravi Singh & M. Elizabeth Sobhia

Pages: 10905-10917

Published online: 30 Jul 2021

1116
Views

7
CrossRef citations Altmetric



Article

https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1951356
https://www.tandfonline.com/author/Yadav%2C+Pulala+Raghuveer
https://www.tandfonline.com/author/Basha%2C+Syed+Hussain
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953601
https://www.tandfonline.com/author/Shaheer%2C+Muhammed
https://www.tandfonline.com/author/Singh%2C+Ravi
https://www.tandfonline.com/author/Sobhia%2C+M+Elizabeth
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953601


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 13/27

An insight into the binding mechanism of Viprinin and its

morpholine and piperidine derivatives with HIV-1 Vpr: molecular

dynamics simulation, principal component analysis and binding

free energy calculation study

Satyabrata Majumder & Kalyan Giri

Pages: 10918-10930

Published online: 23 Jul 2021

137
Views

2
CrossRef citations Altmetric



Article
Childhood type 1 diabetes mellitus and risk factor of interactions

between dietary cow’s milk intake and HLA-DR3/DR4 genotype

Yasmine Benslama, Nouria Dennouni-Medjati, Majda Dali-Sahi, Fatima Zahra Meziane &
Yahia Harek

Pages: 10931-10939

Published online: 20 Jul 2021

144
Views

2
CrossRef citations Altmetric



Article
Molecular insights into MYO3A kinase domain variants explain

variability in both severity and progression of DFNB30 hearing

impairment

Amal Souissi, Dorra Abdelmalek Driss, Imen Chakchouk, Mariem Ben Said, Ikhlas Ben Ayed,
Mohamed Ali Mosrati, Ines Elloumi, Abdelaziz Tlili, Sami Aifa & Saber Masmoudi

Pages: 10940-10951

Published online: 23 Aug 2021

111
Views

1
CrossRef citations Altmetric



Article
Investigation of reactive properties, adsorption on fullerene, DFT,

molecular dynamics simulation of an anthracene derivative

https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1954553
https://www.tandfonline.com/author/Majumder%2C+Satyabrata
https://www.tandfonline.com/author/Giri%2C+Kalyan
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953599
https://www.tandfonline.com/author/Benslama%2C+Yasmine
https://www.tandfonline.com/author/Dennouni-Medjati%2C+Nouria
https://www.tandfonline.com/author/Dali-Sahi%2C+Majda
https://www.tandfonline.com/author/Meziane%2C+Fatima+Zahra
https://www.tandfonline.com/author/Harek%2C+Yahia
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953600
https://www.tandfonline.com/author/Souissi%2C+Amal
https://www.tandfonline.com/author/Abdelmalek+Driss%2C+Dorra
https://www.tandfonline.com/author/Chakchouk%2C+Imen
https://www.tandfonline.com/author/Ben+Said%2C+Mariem
https://www.tandfonline.com/author/Ben+Ayed%2C+Ikhlas
https://www.tandfonline.com/author/Mosrati%2C+Mohamed+Ali
https://www.tandfonline.com/author/Elloumi%2C+Ines
https://www.tandfonline.com/author/Tlili%2C+Abdelaziz
https://www.tandfonline.com/author/Aifa%2C+Sami
https://www.tandfonline.com/author/Masmoudi%2C+Saber
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953602
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953602


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 14/27

targeting dihydrofolate reductase and human dUTPase

Y. Sheena Mary, Y. Shyma Mary, Stevan Armaković, Sanja J. Armaković, Rohitash Yadav,
Ismail Celik & Razieh Razavi

Pages: 10952-10961

Published online: 19 Jul 2021

183
Views

5
CrossRef citations Altmetric



Article
In silico approach to target PI3K/Akt/mTOR axis by selected Olea

europaea phenols in PIK3CA mutant colorectal cancer

Arindam Sain, Thirukumaran Kandasamy & Debdut Naskar

Pages: 10962-10977

Published online: 23 Jul 2021

262
Views

3
CrossRef citations Altmetric



Article
Functional binding dynamics relevant to the evolution of zoonotic

spillovers in endemic and emergent Betacoronavirus strains

Patrick Rynkiewicz, Miranda L. Lynch, Feng Cui, André O. Hudson & Gregory A. Babbitt

Pages: 10978-10996

Published online: 21 Jul 2021

171
Views

4
CrossRef citations Altmetric



Article
Structure-function correlations and system dynamics in oxygenic

photosynthesis: classical perspectives and murburn precepts

Kelath Murali Manoj, Nikolai Mikhailovich Bazhin, Vivian David Jacob, Abhinav Parashar,
Daniel Andrew Gideon & Afsal Manekkathodi

Pages: 10997-11023

Published online: 29 Jul 2021

119 8



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953602
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953602
https://www.tandfonline.com/author/Sheena+Mary%2C+Y
https://www.tandfonline.com/author/Shyma+Mary%2C+Y
https://www.tandfonline.com/author/Armakovi%C4%87%2C+Stevan
https://www.tandfonline.com/author/Armakovi%C4%87%2C+Sanja+J
https://www.tandfonline.com/author/Yadav%2C+Rohitash
https://www.tandfonline.com/author/Celik%2C+Ismail
https://www.tandfonline.com/author/Razavi%2C+Razieh
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953603
https://www.tandfonline.com/author/Sain%2C+Arindam
https://www.tandfonline.com/author/Kandasamy%2C+Thirukumaran
https://www.tandfonline.com/author/Naskar%2C+Debdut
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953604
https://www.tandfonline.com/author/Rynkiewicz%2C+Patrick
https://www.tandfonline.com/author/Lynch%2C+Miranda+L
https://www.tandfonline.com/author/Cui%2C+Feng
https://www.tandfonline.com/author/Hudson%2C+Andr%C3%A9+O
https://www.tandfonline.com/author/Babbitt%2C+Gregory+A
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953606
https://www.tandfonline.com/author/Manoj%2C+Kelath+Murali
https://www.tandfonline.com/author/Bazhin%2C+Nikolai+Mikhailovich
https://www.tandfonline.com/author/Jacob%2C+Vivian+David
https://www.tandfonline.com/author/Parashar%2C+Abhinav
https://www.tandfonline.com/author/Gideon%2C+Daniel+Andrew
https://www.tandfonline.com/author/Manekkathodi%2C+Afsal


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 15/27

Views CrossRef citations Altmetric

Article
Validating the predictions of murburn model for oxygenic

photosynthesis: Analyses of ligand-binding to protein complexes

and cross-system comparisons

Kelath Murali Manoj, Daniel Andrew Gideon, Abhinav Parashar, Vijay Nirusimhan, Pushparaj
Annadurai, Vivian David Jacob & Afsal Manekkathodi

Pages: 11024-11056

Published online: 30 Jul 2021

167
Views

10
CrossRef citations Altmetric



Article
HSA nanoparticles in drug recognition: mechanistic insights with

naproxen, diclofenac and methimazole

Pooja Prasanthan & Nand Kishore

Pages: 11057-11069

Published online: 23 Jul 2021

283
Views

1
CrossRef citations Altmetric



Article
Inhibition of multiple SARS-CoV-2 proteins by an antiviral

biomolecule, seselin from Aegle marmelos deciphered using

molecular docking analysis

Ramanathan Nivetha, Sreeramulu Bhuvaragavan, Thirunavukkarasu Muthu Kumar,
Karuppasamy Ramanathan & Sundaram Janarthanan

Pages: 11070-11081

Published online: 25 Aug 2021

157
Views

2
CrossRef citations Altmetric



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953607
https://www.tandfonline.com/author/Manoj%2C+Kelath+Murali
https://www.tandfonline.com/author/Gideon%2C+Daniel+Andrew
https://www.tandfonline.com/author/Parashar%2C+Abhinav
https://www.tandfonline.com/author/Nirusimhan%2C+Vijay
https://www.tandfonline.com/author/Annadurai%2C+Pushparaj
https://www.tandfonline.com/author/Jacob%2C+Vivian+David
https://www.tandfonline.com/author/Manekkathodi%2C+Afsal
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1953605
https://www.tandfonline.com/author/Prasanthan%2C+Pooja
https://www.tandfonline.com/author/Kishore%2C+Nand
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955009
https://www.tandfonline.com/author/Nivetha%2C+Ramanathan
https://www.tandfonline.com/author/Bhuvaragavan%2C+Sreeramulu
https://www.tandfonline.com/author/Muthu+Kumar%2C+Thirunavukkarasu
https://www.tandfonline.com/author/Ramanathan%2C+Karuppasamy
https://www.tandfonline.com/author/Janarthanan%2C+Sundaram


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 16/27

Article
New imino-methoxy derivatives: design, synthesis,

characterization, antimicrobial activity, DNA interaction and

molecular docking studies

Sultan Onur, Mustafa Çeşme, Muhammet Köse & Ferhan Tümer

Pages: 11082-11094

Published online: 06 Aug 2021

268
Views

5
CrossRef citations Altmetric



Article
Design and in silico investigation of novel Maraviroc analogues as

dual inhibition of CCR-5/SARS-CoV-2 M

G. Mahaboob Basha, Rishikesh S. Parulekar, Abdullah G. Al-Sehemi, Mehboobali Pannipara,
Vidavalur Siddaiah, Sunanda Kumari, Prafulla B. Choudhari & Yasinalli Tamboli

Pages: 11095-11110

Published online: 26 Jul 2021

244
Views

3
CrossRef citations Altmetric

pro


Article
Remdesivir analogs against SARS-CoV-2 RNA-dependent RNA

polymerase 

Sinthyia Ahmed, Rumana Mahtarin, Md. Shamiul Islam, Susmita Das, Abdulla Al Mamun,
Sayeda Samina Ahmed & Md Ackas Ali

Pages: 11111-11124



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955741
https://www.tandfonline.com/author/Onur%2C+Sultan
https://www.tandfonline.com/author/%C3%87e%C5%9Fme%2C+Mustafa
https://www.tandfonline.com/author/K%C3%B6se%2C+Muhammet
https://www.tandfonline.com/author/T%C3%BCmer%2C+Ferhan
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955742
https://www.tandfonline.com/author/Basha%2C+G+Mahaboob
https://www.tandfonline.com/author/Parulekar%2C+Rishikesh+S
https://www.tandfonline.com/author/Al-Sehemi%2C+Abdullah+G
https://www.tandfonline.com/author/Pannipara%2C+Mehboobali
https://www.tandfonline.com/author/Siddaiah%2C+Vidavalur
https://www.tandfonline.com/author/Kumari%2C+Sunanda
https://www.tandfonline.com/author/Choudhari%2C+Prafulla+B
https://www.tandfonline.com/author/Tamboli%2C+Yasinalli
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955742
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955743
https://www.tandfonline.com/author/Ahmed%2C+Sinthyia
https://www.tandfonline.com/author/Mahtarin%2C+Rumana
https://www.tandfonline.com/author/Islam%2C+Md+Shamiul
https://www.tandfonline.com/author/Das%2C+Susmita
https://www.tandfonline.com/author/al+Mamun%2C+Abdulla
https://www.tandfonline.com/author/Ahmed%2C+Sayeda+Samina
https://www.tandfonline.com/author/Ali%2C+Md+Ackas


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 17/27

Published online: 27 Jul 2021

371
Views

3
CrossRef citations Altmetric

Article
Identification of the structural features of quinazoline derivatives as

EGFR inhibitors using 3D-QSAR modeling, molecular docking,

molecular dynamics simulations and free energy calculations

Fangfang Wang, Wei Yang, Hongping Liu & Bo Zhou

Pages: 11125-11140

Published online: 02 Aug 2021

113
Views

1
CrossRef citations Altmetric



Article
Salinomycin mediated therapeutic targeting of circulating stem like

cell population in oral cancer

Shanaya Patel, Aditi Patel, Aishwarya Nair, Kavan Shah, Kanisha Shah, Vivek Tanavde &
Rakesh Rawal

Pages: 11141-11153

Published online: 26 Jul 2021

129
Views

1
CrossRef citations Altmetric



Article
A novel vision into the binding behavior of curcumin with human

serum albumin-holo transferrin complex: molecular dynamic

simulation and multi-spectroscopic perspectives

Soroush Behjati Hosseini, Maryam Asadzadeh-Lotfabad, Maryam Erfani, Fatemeh Babayan-
Mashhadi, Parisa Mokaberi, Zeinab Amiri-Tehranizadeh, Mohammad Reza Saberi &
Jamshidkhan Chamani

Pages: 11154-11172

Published online: 30 Jul 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1956591
https://www.tandfonline.com/author/Wang%2C+Fangfang
https://www.tandfonline.com/author/Yang%2C+Wei
https://www.tandfonline.com/author/Liu%2C+Hongping
https://www.tandfonline.com/author/Zhou%2C+Bo
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957018
https://www.tandfonline.com/author/Patel%2C+Shanaya
https://www.tandfonline.com/author/Patel%2C+Aditi
https://www.tandfonline.com/author/Nair%2C+Aishwarya
https://www.tandfonline.com/author/Shah%2C+Kavan
https://www.tandfonline.com/author/Shah%2C+Kanisha
https://www.tandfonline.com/author/Tanavde%2C+Vivek
https://www.tandfonline.com/author/Rawal%2C+Rakesh
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957713
https://www.tandfonline.com/author/Behjati+Hosseini%2C+Soroush
https://www.tandfonline.com/author/Asadzadeh-Lotfabad%2C+Maryam
https://www.tandfonline.com/author/Erfani%2C+Maryam
https://www.tandfonline.com/author/Babayan-Mashhadi%2C+Fatemeh
https://www.tandfonline.com/author/Mokaberi%2C+Parisa
https://www.tandfonline.com/author/Amiri-Tehranizadeh%2C+Zeinab
https://www.tandfonline.com/author/Saberi%2C+Mohammad+Reza
https://www.tandfonline.com/author/Chamani%2C+Jamshidkhan


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 18/27

115
Views

1
CrossRef citations Altmetric

Article
Deleterious single nucleotide polymorphisms (SNPs) of human

IFNAR2 gene facilitate COVID-19 severity in patients: a

comprehensive in silico approach

Shamima Akter, Arpita Singha Roy, Mahafujul Islam Quadery Tonmoy & Md Sajedul Islam

Pages: 11173-11189

Published online: 06 Aug 2021

365
Views

1
CrossRef citations Altmetric



Article
Modeling the structure and reactivity landscapes of a pyrazole-

ammonium ionic derivative using wavefunction-dependent

characteristics and screening for potential anti-inflammatory

activity

Jamelah S. Al-Otaibi, Y. Sheena Mary, Shiji Fazil, Y. Shyma Mary & S. Sarala

Pages: 11190-11202

Published online: 30 Jul 2021

111
Views

1
CrossRef citations Altmetric



Article
Identification of potential ZIKV NS2B-NS3 protease inhibitors from

Andrographis paniculata: An insilico approach

Gopishankar Thirumoorthy, Sharma Pooja Tarachand, Praveen Nagella & Vasantha
Veerappa Lakshmaiah

Pages: 11203-11215

Published online: 28 Jul 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957714
https://www.tandfonline.com/author/Akter%2C+Shamima
https://www.tandfonline.com/author/Roy%2C+Arpita+Singha
https://www.tandfonline.com/author/Tonmoy%2C+Mahafujul+Islam+Quadery
https://www.tandfonline.com/author/Islam%2C+Md+Sajedul
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957020
https://www.tandfonline.com/author/Al-Otaibi%2C+Jamelah+S
https://www.tandfonline.com/author/Sheena+Mary%2C+Y
https://www.tandfonline.com/author/Fazil%2C+Shiji
https://www.tandfonline.com/author/Mary%2C+Y+Shyma
https://www.tandfonline.com/author/Sarala%2C+S
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1956592
https://www.tandfonline.com/author/Thirumoorthy%2C+Gopishankar
https://www.tandfonline.com/author/Tarachand%2C+Sharma+Pooja
https://www.tandfonline.com/author/Nagella%2C+Praveen
https://www.tandfonline.com/author/Veerappa+Lakshmaiah%2C+Vasantha


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 19/27

230
Views

2
CrossRef citations Altmetric

Article
Polyols, increasing global stability of cytochrome c, destabilize the

thermal unfolding intermediate

K. Tejaswi Naidu & N. Prakash Prabhu

Pages: 11216-11228

Published online: 24 Jul 2021

90
Views

0
CrossRef citations Altmetric



Article
A comparative study of different docking methodologies to assess

the protein–ligand interaction for the E. coli MurB enzyme

Sonam Nirwan, Varun Chahal & Rita Kakkar

Pages: 11229-11238

Published online: 29 Jul 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1956592
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1956593
https://www.tandfonline.com/author/Naidu%2C+K+Tejaswi
https://www.tandfonline.com/author/Prabhu%2C+N+Prakash
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957019
https://www.tandfonline.com/author/Nirwan%2C+Sonam
https://www.tandfonline.com/author/Chahal%2C+Varun
https://www.tandfonline.com/author/Kakkar%2C+Rita


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 20/27

98
Views

0
CrossRef citations Altmetric

Article
Evolving ribonucleocapsid assembly/packaging signals in the

genomes of the human and animal coronaviruses: targeting,

transmission and evolution

Vladimir R. Chechetkin & Vasily V. Lobzin

Pages: 11239-11263

Published online: 02 Aug 2021

114
Views

1
CrossRef citations Altmetric



Article
Combined molecular docking and dynamics simulations studies of

natural compounds as potent inhibitors against SARS-CoV-2 main

protease

Mebarka Ouassaf, Salah Belaidi, Samir Chtita, Touhami Lanez, Faizan Abul Qais & Hashmi
Md Amiruddin

Pages: 11264-11273

Published online: 27 Jul 2021

228
Views

10
CrossRef citations Altmetric



Article
Human prion protein: exploring the thermodynamic stability and

structural dynamics of its pathogenic mutants

Puspita Halder & Pralay Mitra

Pages: 11274-11290

Published online: 02 Aug 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1958061
https://www.tandfonline.com/author/Chechetkin%2C+Vladimir+R
https://www.tandfonline.com/author/Lobzin%2C+Vasily+V
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957712
https://www.tandfonline.com/author/Ouassaf%2C+Mebarka
https://www.tandfonline.com/author/Belaidi%2C+Salah
https://www.tandfonline.com/author/Chtita%2C+Samir
https://www.tandfonline.com/author/Lanez%2C+Touhami
https://www.tandfonline.com/author/Abul+Qais%2C+Faizan
https://www.tandfonline.com/author/Md+Amiruddin%2C+Hashmi
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957715
https://www.tandfonline.com/author/Halder%2C+Puspita
https://www.tandfonline.com/author/Mitra%2C+Pralay


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 21/27

177
Views

0
CrossRef citations Altmetric

Article
Accuracy and precision of binding free energy prediction for a

tacrine related lead inhibitor of acetylcholinesterase with an arsenal

of supercomputerized molecular modelling methods: a comparative

study

Rafael Dolezal

Pages: 11291-11319

Published online: 29 Jul 2021

155
Views

0
CrossRef citations Altmetric



Article
Discovery of potential inhibitors for stat3: ligand based 3D

pharmacophore, virtual screening, molecular docking, dynamic

studies and in vitro evaluation

Kaviarasan Lakshmanan, Praveen T. K., Sreedhara Ranganath K. Pai, Kalirajan Rajagopal &
Gowramma Byran

Pages: 11320-11338

Published online: 31 Aug 2021

309
Views

1
CrossRef citations Altmetric



Article
Quantitative structure-activity relationships, molecular docking

and molecular dynamics simulations reveal drug repurposing

candidates as potent SARS-CoV-2 main protease inhibitors

Anacleto Silva de Souza, Robson Francisco de Souza & Cristiane Rodrigues Guzzo

Pages: 11339-11356

Published online: 09 Aug 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957716
https://www.tandfonline.com/author/Dolezal%2C+Rafael
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957717
https://www.tandfonline.com/author/Lakshmanan%2C+Kaviarasan
https://www.tandfonline.com/author/T.+K.%2C+Praveen
https://www.tandfonline.com/author/K.+Pai%2C+Sreedhara+Ranganath
https://www.tandfonline.com/author/Rajagopal%2C+Kalirajan
https://www.tandfonline.com/author/Byran%2C+Gowramma
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1958700
https://www.tandfonline.com/author/de+Souza%2C+Anacleto+Silva
https://www.tandfonline.com/author/de+Souza%2C+Robson+Francisco
https://www.tandfonline.com/author/Guzzo%2C+Cristiane+Rodrigues


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 22/27

375
Views

4
CrossRef citations Altmetric

Article
Designing Self-Inhibitory fusion peptide analogous to viral spike

protein against novel severe acute respiratory syndrome (SARS-

CoV-2)

Indra Singh, Shalini Singh, Krishna Kumar Ojha & Neetu Singh Yadav

Pages: 11357-11372

Published online: 11 Aug 2021

163
Views

0
CrossRef citations Altmetric



Article
Antitumor drugs effect on the stability of double-stranded DNA:

steered molecular dynamics analysis

Rakesh Kumar Mishra & Lakshmi Maganti



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1958700
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960192
https://www.tandfonline.com/author/Singh%2C+Indra
https://www.tandfonline.com/author/Singh%2C+Shalini
https://www.tandfonline.com/author/Ojha%2C+Krishna+Kumar
https://www.tandfonline.com/author/Yadav%2C+Neetu+Singh
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960192
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960193
https://www.tandfonline.com/author/Mishra%2C+Rakesh+Kumar
https://www.tandfonline.com/author/Maganti%2C+Lakshmi


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 23/27

Pages: 11373-11382

Published online: 06 Aug 2021

101
Views

0
CrossRef citations Altmetric

Article
In silico screening of FDA approved drugs against ACE2 receptor:

potential therapeutics to inhibit the entry of SARS-CoV-2 to human

cells

Selvaraj Ayyamperumal, Dhananjay Jade, Vyshnavi Tallapaneni, M. J. N. Chandrasekar & M. J.
Nanjan

Pages: 11383-11394

Published online: 28 Aug 2021

153
Views

0
CrossRef citations Altmetric



Article
Anticorrelated position fluctuation of lipids in forming membrane

water pores: molecular dynamics simulations study with dengue

virus capsid protein

Suneth P. Rajapaksha & Sithara U. Nawagamuwage

Pages: 11395-11404

Published online: 03 Aug 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960892
https://www.tandfonline.com/author/Ayyamperumal%2C+Selvaraj
https://www.tandfonline.com/author/Jade%2C+Dhananjay
https://www.tandfonline.com/author/Tallapaneni%2C+Vyshnavi
https://www.tandfonline.com/author/Chandrasekar%2C+M+J+N
https://www.tandfonline.com/author/Nanjan%2C+M+J
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960892
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1958698
https://www.tandfonline.com/author/Rajapaksha%2C+Suneth+P
https://www.tandfonline.com/author/Nawagamuwage%2C+Sithara+U


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 24/27

142
Views

0
CrossRef citations Altmetric

Article
Structure prediction and discovery of inhibitors against

phosphopantothenoyl cysteine synthetase of Acinetobacter

baumannii

Akshita Gupta, Viswanathan Vijayan, Pradeep Pant, Punit Kaur, Tej P. Singh, Pradeep
Sharma & Sujata Sharma

Pages: 11405-11417

Published online: 04 Aug 2021

139
Views

0
CrossRef citations Altmetric



Article
Drug repositioning to propose alternative modulators for

glucocorticoid receptor through structure-based virtual screening

Reyhan Metin & Ebru Demet Akten

Pages: 11418-11433

Published online: 06 Aug 2021

160
Views

1
CrossRef citations Altmetric



Article
N1 neuraminidase of H5N1 avian influenza A virus complexed with

sialic acid and zanamivir – A study by molecular docking and

molecular dynamics simulation

R. A. Jeyaram & C. Anu Radha

Pages: 11434-11447

Published online: 09 Aug 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1958699
https://www.tandfonline.com/author/Gupta%2C+Akshita
https://www.tandfonline.com/author/Vijayan%2C+Viswanathan
https://www.tandfonline.com/author/Pant%2C+Pradeep
https://www.tandfonline.com/author/Kaur%2C+Punit
https://www.tandfonline.com/author/Singh%2C+Tej+P
https://www.tandfonline.com/author/Sharma%2C+Pradeep
https://www.tandfonline.com/author/Sharma%2C+Sujata
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1960608
https://www.tandfonline.com/author/Metin%2C+Reyhan
https://www.tandfonline.com/author/Akten%2C+Ebru+Demet
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1962407
https://www.tandfonline.com/author/Jeyaram%2C+R+A
https://www.tandfonline.com/author/Anu+Radha%2C+C


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 25/27

Review Article

Brief Report

231
Views

2
CrossRef citations Altmetric

Review Article
Computational study of DMPC liposomes loaded with the N-(2-

Hydroxyphenyl)-2-propylpentanamide (HO-AAVPA) and

determination of its antiproliferative activity in vitro in NIH-3T3

cells

Xelhua Marcos, Yudibeth Sixto-López, Silvia Pérez-Casas & José Correa-Basurto

Pages: 11448-11459

Published online: 27 Jul 2021

145
Views

0
CrossRef citations Altmetric



Brief Report
In-silico study on viability of MXenes in suppressing the

coronavirus infection and distribution

Ebrahim Ghasemy, Ahmad Miri Jahromi, Mohammad Khedri, Pegah Zandi, Reza Maleki &
Lobat Tayebi

Pages: 11460-11466

Published online: 30 Jul 2021



https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1955744
https://www.tandfonline.com/author/Marcos%2C+Xelhua
https://www.tandfonline.com/author/Sixto-L%C3%B3pez%2C+Yudibeth
https://www.tandfonline.com/author/P%C3%A9rez-Casas%2C+Silvia
https://www.tandfonline.com/author/Correa-Basurto%2C+Jos%C3%A9
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957711
https://www.tandfonline.com/author/Ghasemy%2C+Ebrahim
https://www.tandfonline.com/author/Miri+Jahromi%2C+Ahmad
https://www.tandfonline.com/author/Khedri%2C+Mohammad
https://www.tandfonline.com/author/Zandi%2C+Pegah
https://www.tandfonline.com/author/Maleki%2C+Reza
https://www.tandfonline.com/author/Tayebi%2C+Lobat
https://www.tandfonline.com/doi/full/10.1080/07391102.2021.1957711


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 26/27

Explore articles

205
Views

2
CrossRef citations Altmetric

Explore the most recently published articles

View all latest articles

An integrated computational approach to infer therapeutic targets from

Campylobacter concisus and peptidomimetic based inhibition of its

pyrimidine metabolism pathway

Kanwal Khan et al.

Article | Published online: 31 Mar 2023



Insight into intermolecular binding mechanism of apatinib mesylate and

human alpha-1-acid glycoprotein: combined multi-spectroscopic

approaches with in silico

Shao-Liang Jiang et al.

Article | Published online: 31 Mar 2023



Computational aspects of two important biochemical networks with

respect to some novel molecular descriptors

Asad Ullah et al.

Article | Published online: 31 Mar 2023



Molecular docking, QSAR, pharmacophore modeling, and dynamics

studies of some chromone derivatives for the discovery of anti-breast

cancer agents against hormone-dependent breast cancer

Snehal A. Arvindekar et al.

Article | Published online: 30 Mar 2023





Latest Open access Most read Most cited Trending

https://www.tandfonline.com/action/showAxaArticles?journalCode=tbsd20
https://www.tandfonline.com/doi/full/10.1080/07391102.2023.2191148?src=
https://www.tandfonline.com/doi/full/10.1080/07391102.2023.2195015?src=
https://www.tandfonline.com/doi/full/10.1080/07391102.2023.2195944?src=
https://www.tandfonline.com/doi/full/10.1080/07391102.2023.2190803?src=


4/2/23, 10:04 PM Journal of Biomolecular Structure and Dynamics: Vol 40, No 21

https://www.tandfonline.com/toc/tbsd20/40/21?nav=tocList 27/27

Information for

Authors

R&D professionals

Editors

Librarians

Societies

Open access

Overview

Open journals

Open Select

Dove Medical Press

F1000Research

Opportunities

Reprints and e-prints

Advertising solutions

Accelerated publication

Corporate access solutions

Help and information

Help and contact

Newsroom

All journals

Books

 Sign me up

  

 

Keep up to date

Register to receive personalised research and resources
by email

Copyright © 2023 Informa UK Limited Privacy policy Cookies Terms &

conditions Accessibility

Registered in England & Wales No. 3099067
5 Howick Place | London | SW1P 1WG

https://authorservices.taylorandfrancis.com/
https://taylorandfrancis.com/who-we-serve/industry-government/business/
https://editorresources.taylorandfrancisgroup.com/
https://www.tandfonline.com/page/librarians
https://www.tandfonline.com/societies
https://www.tandfonline.com/openaccess
https://www.tandfonline.com/openaccess/openjournals
https://www.tandfonline.com/openaccess/openselect
https://www.tandfonline.com/openaccess/dove
https://www.tandfonline.com/openaccess/f1000
https://taylorandfrancis.com/who-we-serve/industry-government/marketing/
https://taylorandfrancis.com/partnership/commercial/advertising-solutions/
https://taylorandfrancis.com/partnership/commercial/accelerated-publication/
https://taylorandfrancis.com/who-we-serve/industry-government/business/purchasing-options/
https://help.tandfonline.com/
https://newsroom.taylorandfrancisgroup.com/
https://www.tandfonline.com/journals?&pageSize=3000
https://www.routledge.com/?utm_source=website&utm_medium=banner&utm_campaign=B004808_em1_10p_5ec_d713_footeradspot
https://taylorandfrancis.formstack.com/forms/tfoguest_signup
http://facebook.com/TaylorandFrancisGroup
https://twitter.com/tandfonline
http://linkedin.com/company/taylor-&-francis-group
https://www.youtube.com/user/TaylorandFrancis
http://www.weibo.com/tandfchina
https://informa.com/privacy-policy/
https://www.tandfonline.com/cookies
https://www.tandfonline.com/terms-and-conditions
https://www.tandfonline.com/accessibility
http://taylorandfrancis.com/


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tbsd20

Journal of Biomolecular Structure and Dynamics

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tbsd20

Differentiation of osteoblasts: the links between
essential transcription factors

Junaidi Khotib, Honey Dzikri Marhaeny, Andang Miatmoko, Aniek Setiya
Budiatin, Chrismawan Ardianto, Mahardian Rahmadi, Yusuf Alif Pratama &
Muhammad Tahir

To cite this article: Junaidi Khotib, Honey Dzikri Marhaeny, Andang Miatmoko, Aniek Setiya
Budiatin, Chrismawan Ardianto, Mahardian Rahmadi, Yusuf Alif Pratama & Muhammad Tahir
(2022): Differentiation of osteoblasts: the links between essential transcription factors, Journal of
Biomolecular Structure and Dynamics, DOI: 10.1080/07391102.2022.2148749

To link to this article:  https://doi.org/10.1080/07391102.2022.2148749

Published online: 24 Nov 2022.

Submit your article to this journal 

Article views: 29

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tbsd20
https://www.tandfonline.com/loi/tbsd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07391102.2022.2148749
https://doi.org/10.1080/07391102.2022.2148749
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tbsd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/07391102.2022.2148749
https://www.tandfonline.com/doi/mlt/10.1080/07391102.2022.2148749
http://crossmark.crossref.org/dialog/?doi=10.1080/07391102.2022.2148749&domain=pdf&date_stamp=2022-11-24
http://crossmark.crossref.org/dialog/?doi=10.1080/07391102.2022.2148749&domain=pdf&date_stamp=2022-11-24


Differentiation of osteoblasts: the links between essential transcription factors

Junaidi Khotiba, Honey Dzikri Marhaenya, Andang Miatmokob, Aniek Setiya Budiatina, Chrismawan Ardiantoa,
Mahardian Rahmadia, Yusuf Alif Pratamaa and Muhammad Tahirc

aDepartment of Pharmacy Practice, Faculty of Pharmacy, Universitas Airlangga, Surabaya, Indonesia; bDepartment of Pharmaceutical
Science, Faculty of Pharmacy, Universitas Airlangga, Surabaya, Indonesia; cDepartment of Pharmaceutical Science, Kulliyah of Pharmacy,
International Islamic University Malaysia, Pahang, Malaysia

Communicated by Ramaswamy H. Sarma

ABSTRACT
Osteoblasts, cells derived from mesenchymal stem cells (MSCs) in the bone marrow, are cells respon-
sible for bone formation and remodeling. The differentiation of osteoblasts from MSCs is triggered by
the expression of specific genes, which are subsequently controlled by pro-osteogenic pathways.
Mature osteoblasts then differentiate into osteocytes and are embedded in the bone matrix.
Dysregulation of osteoblast function can cause inadequate bone formation, which leads to the devel-
opment of bone disease. Various key molecules are involved in the regulation of osteoblastogenesis,
which are transcription factors. Previous studies have heavily examined the role of factors that control
gene expression during osteoblastogenesis, both in vitro and in vivo. However, the systematic relation-
ship of these transcription factors remains unknown. The involvement of ncRNAs in this mechanism,
particularly miRNAs, lncRNAs, and circRNAs, has been shown to influence transcriptional factor activity
in the regulation of osteoblast differentiation. Here, we discuss nine essential transcription factors
involved in osteoblast differentiation, including Runx2, Osx, Dlx5, b-catenin, ATF4, Ihh, Satb2, and
Shn3. In addition, we summarize the role of ncRNAs and their relationship to these essential transcrip-
tion factors in order to improve our understanding of the transcriptional regulation of osteoblast dif-
ferentiation. Adequate exploration and understanding of the molecular mechanisms of
osteoblastogenesis can be a critical strategy in the development of therapies for bone-
related diseases.
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Introduction

Bone is a metabolically active organ that is dynamic in main-
taining its strength and integrity through the actions of
osteoblasts and osteoclasts (El-Ganzuri et al., 2016; Shahi
et al., 2017). In vertebrates, bone formation (ossification)
occurs in the craniofacial intramembrane and endochondral
bones in other parts of the skeletal system. Endochondral
ossification is the replacement of cartilage with mineralized
bone affected by chondrocyte differentiation in the central
cartilage anlagen. This is followed by the invasion of peri-
chondrial osteoblast progenitors, osteoclasts, vascular endo-
thelial cells, and hematopoietic cells into hypertrophic
cartilage. Dense mesenchymal progenitor cells differentiate
into osteoblasts and form bone directly during intramembra-
nous ossification (Berendsen & Olsen, 2015; Iaquinta
et al., 2019).

Bone tissue has an amazing ability to repair itself and
generally heals through regeneration. Under homeostatic
conditions, the balance between bone formation (mediated
by osteoblasts) and bone resorption (mediated by osteo-
clasts) is tightly regulated without major changes in net
bone mass or mechanical strength, a process known as bone

remodeling (Kim et al., 2020). Osteoclasts degrade bone by
secreting polarized proteolytic enzymes, such as cathepsin K,
and acids, such as HCl, which dissolve collagen and matrix
proteins during bone resorption. Meanwhile, osteoblasts gen-
erate an extracellular collagen matrix with specific properties
that will be mineralized following hydroxyapatite
(Ca5(PO4)3(OH)) crystal deposition (Kim et al., 2020; Shahi
et al., 2017; Zhang, 2010). Once this balance is disrupted,
abnormal bone remodeling occurs, resulting in bone deform-
ities and a variety of bone diseases (Chan et al., 2021).

Osteoblast differentiation, also known as osteoblastogene-
sis, is a major component of bone formation due to the ini-
tial very rapid cell proliferation followed by extracellular
matrix maturation and mineralization (Huang et al., 2007;
Shahi et al., 2017). Classically, osteoblast differentiation is
governed by a complex activity involving signal transduction
and transcriptional regulation of gene expression (Huang
et al., 2007). Runx2 has been identified as the master regula-
tory switch in osteoblast differentiation, with Osx acting as
the ’downstream’ regulator of Runx2 (Baldini et al., 2009;
Komori, 2019). Furthermore, Dlx5, b-catenin, ATF4, Ihh, Satb2,
and Shn3 are other essential transcription factors known to
be involved in osteoblast differentiation (Bialek et al., 2004;
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Lee et al., 2003a; Long et al., 2004; Okamoto et al., 2014;
Shim et al., 2013; Tang et al., 2011; Yang & Karsenty, 2004).
The discovery of new molecules, known as ncRNAs, that con-
trol transcription of osteoblast differentiation and function
has recently opened up new avenues to understanding bone
pathogenesis (Aurilia et al., 2021; Beermann et al., 2016).
Thus, a better understanding of the regulatory mechanisms
of osteoblast differentiation provides valuable opportunities
for preventing or treating bone-related diseases.

This review looks at recent advances in the regulation of
signaling and transcription in osteoblast differentiation. We
also discuss about the utilization of these novel molecular
players in this mechanism for future clinical applications.

Mesenchymal stem cells in osteoblast
differentiation

Stem cells are cells with specific functions that can renew them-
selves, have varying potentials, and differentiate into multiple lin-
eages. Mesenchymal stem cells (MSCs) are stem cells that
develop from mesoderm (Ullah et al., 2015). MSCs were first iso-
lated by Friedenstein et al. in the bone marrow and described as
adherent cells capable of forming fibroblastic colonies
(Friedenstein et al., 1970). Extensive MSC evaluations in recent
decades have revealed that MSCs can be isolated from a variety
of locations throughout the body. Furthermore, MSCs are multi-
potent due to their ability to differentiate into specific functional
cells such as osteoblasts, adipocytes, or chondrocytes in response
to specific factors and signaling cascades in the microenviron-
ment (Knight & Hankenson, 2013; Pino et al., 2012). MSCs are
also reported to be capable of expressing CD73, CD90, and
CD105, as well as having a lack of expression of surface mole-
cules CD11b, CD14, CD19, CD34, CD45, CD79a, and human
leukocyte antigen-related D antigen (HLA-DR) (Hu et al., 2018).
MSCs can be found in the bone compartment in the bone mar-
row, periosteum, and endosteum, as well as thin layers of con-
nective tissue on the bone surface and the bone itself. They are
also a major source of cellular renewal during bone repair. The

capacity of MSCs to differentiate into functional osteoblasts is
regulated by osteoblast-specific transcription factors that trigger
osteoblast commitment and differentiation, as shown in Figure 1
(Capulli et al., 2014; Hu et al., 2018; Zhang, 2010). The roles of
each essential transcription factor involved in osteoblast differen-
tiation are shown in Table 1.

Osteoprogenitor cells

Osteoprogenitor cells (OPCs), also known as osteoblast pro-
genitors (preosteoblasts), are bone stem cells that help with
tissue formation and bone repair. OPCs are more common
during bone development and can activate a multifunctional
stage for bone reconstruction. OPCs can be found in the
endosteum, the periosteum’s cellular layer, and the osteo-
genic cell layer (Nahian & Davis, 2021). A large number of
OPCs can also be found in bone marrow stromal cells, which
are multidirectional. Periosteum and bone marrow-derived
osteoprogenitors differentiate directly into osteogenic bone
without involving other inducers. These properties of OPCs
are known as determined OPCs (DOPCs). While OPCs are
found only in pathological situations, such as heterotopic
ossification and fracture repair, they are derived from undif-
ferentiated mesenchymal cells found throughout the body.
These OPCs can differentiate into osteoblasts via cartilage
osteogenesis, hence the name osteoprogenitor-induced OPCs
(Qiu et al., 2019). Alpha smooth muscle actin (aSMA) has
recently been identified as a marker of OPCs in bone and
periodontium, as well as a progenitor of osteochondral in
the periosteum that contributes to fracture healing
(Matthews et al., 2014). SMA-expressing osteoprogenitors
have also been proven to improve site-specific periosteal
osteoblast differentiation induced by mechanical loading
(Matthews et al., 2020).

OPCs have been shown to divide, propagate, and differentiate
further into functionally specialized cells. The majority of OPCs
differentiate as osteoblasts during bone development. OPCs
attach to the bone surface and are known as inactive osteoblasts

Figure 1. Schematic representation of multilineage mesenchymal stem cell (MSC) differentiation. Adipocyte, osteoblasts, and chondrocyte are all part of multiline-
age differentiation. The progression of osteoblast differentiation toward a mature cell phenotype will result in bone formation.
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in mature bone (Qiu et al., 2019). The recruitment of OPCs ini-
tiates the process of new bone formation via a complex and
highly regulated interaction between signaling from the systemic
and local biomechanical and biophysical environments. This sig-
naling regulates the activation and maturation of OPCs into
osteoblasts, which produce and form the extracellular bone
matrix (Ibrahim et al., 2016). Age can have a significant impact
on OPC regenerative capacity. The accumulation of marrow adi-
pose tissue (MAT) in the bone marrow cavity due to aging con-
tributes to a pathological process that interferes with the
maintenance of proper bone tissue repair and the hematopoietic
system, increasing the risk of fractures and complications
(Ambrosi et al., 2017). Furthermore, estrogen deficiency contrib-
utes to increased bone resorption, which results in bone loss
(Manolagas, 2000; Syed et al., 2008). The estrogen receptor a
(ERa) in osteoblast progenitors has been shown to promote
bone formation on the cortex’s periosteal surface and prevent
resorption on the endocortical surface (Almeida et al., 2013).

Several studies utilizing OPCs as therapy for bone defects
have been developed due to their promising role in bone
development and healing. Autogenous OPC transplantation
into a porous calcium phosphate scaffold can improve man-
dibular segmental defect repair (Schliephake et al., 2001). In
another study, exogenous murine MC3T3-E1 OPCs with a
high propensity for osteoblast differentiation demonstrated
the ability to migrate systemically to the femoral bone defect
and accelerate bone healing (Gibon et al., 2012). Thus, add-
itional research on this topic may provide a potential thera-
peutic alternative for bone repair in clinical practice.

Osteoblasts

Osteoblasts are mononuclear cuboid cells derived from OPCs in
the bone marrow that differentiate from MSCs. Osteoblasts are
responsible for bone formation. This cell is distinguished from
mesenchymal progenitor cells at the site of membrane and
endochondral bone formation (Kobayashi et al., 2008; Ponzetti

& Rucci, 2021). Osteoblasts occupy 4–6% of the total resident
cells in bone and play an important role in the fulfilment and
maintenance of bone mass along with osteoclasts and osteo-
cytes. In addition, osteoblasts can also differentiate into osteo-
cytes (Capulli et al., 2014; Rutkovskiy et al., 2016). Osteoblasts
can site and secrete bone matrix and contribute to bone min-
eralization to regulate the balance of calcium and phosphate
ions in bone formation. Once the OPCs differentiate into osteo-
blasts, they will be followed by the secretion of collagen I to
form osteoid, followed by the precipitation of calcium and
phosphorus salts from the blood by osteoblasts and the forma-
tion of bonds with osteoid for the mineralization of bone tissue.
Furthermore, the presence of estrogen receptors in osteoblasts
promotes an increase in the number of osteoblasts, which leads
to an increase in collagen production. ALP, an enzyme involved
in bone mineralization and an early marker of osteoblast differ-
entiation, is also produced by osteoblasts. Increased ALP expres-
sion is associated with osteoblast differentiation (Bassi
et al., 2011).

The key role of signalling pathways in osteoblast
differentiation

The differentiation of osteoblasts from MSCs is triggered by
the expression of specific genes, which are subsequently
controlled by pro-osteogenic pathways. The wingless-related
integration site (Wnt)/b-catenin and bone morphogenetic
proteins (BMPs) pathways are the main pathways that play
an important role in promoting MSC’s commitment to osteo/
chondroprogenitor cells in the initial steps of osteoblasto-
genesis. Figure 2 illustrates schematically how the Wnt and
BMP signaling pathways regulate osteoblast differentiation.

Wnt signaling pathway in osteoblast differentiation

The wingless-related integration site (Wnt) signaling pathway
is divided into two parts: a canonical pathway that mediates

Figure 2. The Wnt and BMP signaling cascades. Both can be activated via canonical and noncanonical pathways, causing osteoblastic transcription factors to
be expressed.
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signaling via b-catenin stabilization, which is involved in
increased bone formation, and a noncanonical pathway that
works independently of b-catenin, which plays a role in regu-
lation of cell migration and polarity during embryogenesis
(Kim et al., 2013; Nemoto et al., 2012). Canonical Wnt, such
as Wnt3a and Wnt10b, binds to Frizzled (Fzd) and low-dens-
ity lipoprotein receptor-associated protein 5/6 (Lrp5/6) to
inhibit glycogen synthase kinase-3b (GSK-3b) activations, an
enzyme that phosphorylates b-catenin, causing it to ubiquiti-
nate and degrade. This inhibition induces the accumulation
of b-catenin in the target cell, which results in translocation
into the nucleus. b-catenin will initiate the transcription of
the target gene through its interaction with members of the
T-cell family factor/lymphoid enhancer factor (Tcf/Lef).
Meanwhile, noncanonical Wnt, such as Wnt5a, binds to the
Fzd, Ror1/2 or Ryk receptor complexes. In addition, some
Wnt antagonists, such as dikkopf-1 (DKK-1), sclerostin (SOST),
kremen, and others, can inhibit this signaling.

Multipotential cells, as previously stated, can differentiate
into osteoblasts and adipocytes. The balance of adipogenic
and osteoblastogenic components via Wnt/-b-catenin signal-
ing is thought to be a determinant of the differences in
outcomes of these mesenchymal precursor cells. Previous
research has shown that ectopic expression of Wnt10b, a
subfamily of the canonical Wnt pathway, suppresses the
expression of adipogenic transcription factors CCAAT/enhan-
cer-binding protein a (C/EBPa) and peroxisome proliferator-
activated receptor c (PPARc) in ST2 cells. Following this con-
dition, osteoblastogenic transcription factors are activated, as
evidenced by increased regulation of Runx2, Osx, and Dlx5.
Meanwhile, in Wnt10b-expressing ST2 cells, partially forced
expression of C/EBPa or PPARc promotes lipid accumulation
while decreasing mineralization. Thus, in Wnt/b-catenin sig-
naling, C/EBPa or PPARc repression is required to direct pre-
cursor cells into osteoblasts (Kang et al., 2007).

Furthermore, Okamoto et al. (2014) stated that good bone
formation requires cooperation between Wnt5a-induced non-
canonical signaling, a subfamily of Wnt noncanonical path-
ways, and Wnt/b-catenin signaling. Wnt5a has also been
implicated in osteoblast differentiation. Through upregulation
of Lrp 5/6 expression in osteoblast cell lineages, Wnt5a can
suppress PPARc and increase Wnt/b-catenin signaling
(Nemoto et al., 2012; Okamoto et al., 2014). Wnt5a deficiency
in osteoblast lineage cells reduces Lrp5/6 expression, lower-
ing the sensitivity of canonical Wnt ligands such as Wnt3a
and Wnt10b. This condition interferes with osteoblast differ-
entiation while increasing adipocyte differentiation (Okamoto
et al., 2014). TAZ, a Hippo pathway transcription factor, is
also known to induce osteoblastogenesis and suppress
canonical Wnt signaling semiconductor adipogenesis
(Okamoto et al., 2014; Zarka et al., 2022). Thus, during osteo-
blast differentiation, Wnt5a can play a role in increasing
Wnt/b-catenin and Wnt/TAZ signaling by upregulating Lrp5/
6 (Okamoto et al., 2014). The receptor tyrosine kinase-like
orphan receptor 2 (Ror2) has been known as the Wnt5a
receptor or co-receptor. Nemoto et al. (2012) has proven that
the Wnt5a/Ror2 signaling pathway is involved in BMP-2-
mediated osteoblast differentiation in Smad-independent

pathways. The suppression of Wnt5a/Ror2 expression
resulted in the suppression of osteoblast differentiation
marker gene expression, specifically ALP and OCN, induced
by BMP-2 (Nemoto et al., 2012).

BMP signaling in osteoblast differentiation

BMPs are members of the transforming growth factor b (TGF-b)
superfamily that play a role in regulating osteoblast differenti-
ation and inducing bone formation. During development, gen-
etic interventions in the BMP gene cause a variety of
extracellular and bone abnormalities (Kim et al., 2017). BMP sig-
naling is mediated by BMP receptors type I (BMPR-I) and type II
(BMPR-II) (BMPR-II). Both are serine-threonine receptors that are
required for BMP signaling. BMPR-I is consisting of three recep-
tors: BMPR type IA (BMPR-IA), which binds BMP-2 and BMP-4
efficiently; BMPR type IB (BMPR-IB), which binds BMP-4 and
BMP-7 efficiently; and activin type I receptor (ActRI), which
binds activins, proteins from TGF-b/BMP family members, and
BMP-7 (Nohno et al., 1995; Chen et al., 2012). Meanwhile, type
II receptors include BMPR-II, which binds to BMP-4 and BMP-7,
and activin type II receptors (ActR-II) and ActR-IIb, which bind
to activin and BMP-7 (Rosenzweig et al., 1995; Yamaguchi et al.,
2008). Unlike the TGF-b receptor, BMPR-I binds BMP directly
without the involvement of BMPR-II, which only binds BMPR-I
on the extracellular N-terminus. Furthermore, BMPR-I has a GS
domain, which is a cytoplasmic juxta-membrane area made up
of glycine and serine that serves as a site for phosphorylation
of serine and threonine after the receptor binds to a ligand,
activating BMPR-II. This dynamic interaction directs downstream
BMP signals via BMP-specific Smad (Smad 1, 5, or 8) or p38
MAPK. Activated receptor kinases, in collaboration with other
co-factors, regulate the transcription of specific target genes by
forming heterodimeric complexes with nuclear Smad4 (Kim
et al., 2017; Chen et al., 2012; Yamaguchi et al., 2008).

Based on its role, BMP-2 has been proven to promote the
expression of Runx2, Osx, and osteoblast differentiation
markers (ALP, OCN, and type I collagen) in a variety of cells
(Yamaguchi et al., 2008 ; Ogasawara et al., 2004).
Furthermore, BMP-2 and BMP-4 are involved in the formation
of bone nodules (Wada et al., 1998). The application of
recombinant human bone morphogenetic protein-2
(rhBMP-2) therapy has shown promising results both preclini-
cally and clinically. rhBMP-2 has the ability to stimulate bone
repair and regeneration ( Chen et al., 2012; Ueyama et al.,
2021). BMP-7 is well-known for its osteogenic activity (Chen
et al., 2019; Lavery et al., 2009). It was recently discovered
that immature BMP-7, also known as bone-forming peptide-2
(BFP-2), has higher osteogenic activity than mature BMP-7
and induces bone formation in vitro and in vivo (Kim
et al., 2017).

The osteoblast differentiation regulation, essential
transcription factors involved, and their links

The osteoblast differentiation begins with the commitment
of MSCs into osteoblast lineage progenitor cells, later known
as preosteoblasts. Preosteoblasts then undergo proliferation,
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extracellular matrix (ECM) secretion, matrix maturation, and
matrix mineralization, which are complexly regulated by vari-
ous transcription factors (Figure 3). Runx2 is a transcription
factor that is required for osteoprogenitor proliferation and
osteoblast differentiation. Runx2 expression is known to be
low in MSCs, but it increases throughout cell proliferation
and then decreases in maturing osteoblasts. Regulation of
Runx2 expression in osteoprogenitors requires Ihh at the
stage of MSC’s commitment formation into preosteoblasts
(Amarasekara et al., 2021; Nakashima & De Crombrugghe,
2003; Shimoyama et al., 2007). In this regard, the upstream
of Runx2 is involved in controlling the early stages of osteo-
blast differentiation, including Twist-1 and Satb2. Twist-1,
through its physical interaction with Runx2, functions as a
switch that blocks Runx2 function, delaying osteoblast differ-
entiation and preventing premature osteoblast formation.
Twist-1 expression is also downregulated when osteogenesis
begins. Satb2 regulates the expression of BSP and OCN, the
osteoblast-forming components during the cell differenti-
ation phase, as well as inhibiting Hoxa2, a bone formation-
inhibiting gene (Bialek et al., 2004; Liu & Lee, 2013).

Following cell commitment, preosteoblasts proliferate and
express OPN, fibronectin, collagen, and TGF-b1 receptors
(Rutkovskiy et al. 2016). The proliferation phase is regulated
in order to induce maturation during osteogenesis (Vimalraj
et al., 2015). Runx2 expression is still increasing at this stage,
promoting Osx to mediate osteoblast commitment and dif-
ferentiation. Moreover, Dlx5 is present to aid in early osteo-
blast differentiation and advanced stages of osteogenesis.
Dlx5 has been shown to influence the expression of Osx,
ALP, OCN, and BSP (Holleville et al., 2007; Samee et al.,
2008). Following the proliferation phase, the formed osteo-
blasts begin to express the bone matrix protein gene at vari-
ous levels depending on cell maturation. ATF4 is also
involved in indirect interactions with Runx2 during cell mat-
uration to increase OCN expression, a marker of terminal
osteoblast differentiation (Xiao et al., 2005). Along with this,
Satb2 also acts as a mediator to increase the synergy of both
actions (Dobreva et al., 2006). Mature osteoblasts secrete
COL1A1, a key component of ECM, as well as ALP, which
aids in ECM maturation. This process is then followed by
matrix mineralization. This step is triggered after osteoblasts

Figure 3. Regulation of osteoblast differentiation by essential transcription factors. ncRNAs (miRNAs, lncRNAs, and circRNAs) are novel players that can influence
the molecular regulation of osteoblast differentiation by targeting essential transcription factors.
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bind to the existing matrix via integrin b1, forming a single
layer that is linked to cadherin. Furthermore, cells secreted
the matrix by expressing OPN, OCN, and BSP, as well as
maintaining ALP and COL1A1 expression (Table 2) (Huang
et al., 2007; Stein & Lian, 1993). Runx2 protein levels
decreased at the end of this stage, which could be regulated
by Shn3, an adapter that induces Runx2 degradation via
ubiquitination (Jonason et al., 2009; Jones et al., 2006; Shim
et al., 2013). Additionally, osteoblasts that have completed
their roles in bone homeostasis will undergo apoptosis,
becoming bone-lining cells, or terminally differentiate osteo-
cytes (Nakashima & De Crombrugghe, 2003; Amarasekara
et al., 2021).

The following are reviews of the essential transcription
factors involved in osteoblast differentiation:

Runt-related transcription factor 2

Runt-related transcription factor 2 (Runx2) is a transcription
factor that is required for osteogenesis and is responsible for
activating osteoblast differentiation marker genes. Runx2
specifically increases the expression of osteoblastogenic
markers such as ALP, BSP-II, collagen1a1 chain (CoL1A1),
OCN, and OPN, which leads to osteoblast commitment
(Vimalraj et al., 2015; Ponzetti & Rucci, 2021). Furthermore,
Runx2 regulates osteoblast progenitor proliferation by induc-
ing fibroblast growth factor receptor (Fgfr)-2 and Fgfr3
expression. Both promote proliferation by activating the
mitogen-activated protein kinase (MAPK) pathway (Kawane
et al., 2018; Komori, 2019).

Osterix

Osterix (Osx) or Sp7 is an osteoblast-specific transcription fac-
tor that is involved in preosteoblast differentiation into
osteoblasts and bone formation. Osx has a proline-rich
region (PRR) transactivation domain near the N-terminus of
the protein and a three-type DNA binding domain C2H2 zinc
finger near the C-terminus with motifs similar to Sp1, Sp3,
and Sp4 (Zhang et al., 2008a). Osx may play a role in the
bone microenvironment during osteogenesis (Liu et al.,
2020). As a downstream of Runx2, Osx is expressed specific-
ally in osteoblasts of all endochondral bones and mem-
branes, as well as at low levels in pre-hypertrophic

chondrocytes (Zhang et al., 2010; Tang et al., 2011). Zhou
et al. (2010) demonstrated that inactivating Osx during and
after birth resulted in the cessation of osteoblast differenti-
ation and new bone formation in mice. Furthermore, Osx is
required for cartilage resorption, maturation, and osteocyte
function. During the bone formation, osteoblasts are known
to store osteoid, which are unmineralized matrixes contain-
ing type I collagen. In this case, osteocytes participate in the
osteoid mineralization process by regulating extracellular
matrix mineralization and Fgf23 production by bone via
Dmp1 and Phex, gene products that are highly expressed in
normal osteoblasts and osteocytes (Martin et al., 2011; Zhou
et al., 2010). Osteocyte anomalies in Osxpostnatal mutants
revealed defects in the mineralization process due to
decreased Dmp1 and Phex expression. Furthermore, termi-
nalized cartilage resorption also defects Osxpostnatal mutants
due to a significant decrease in osteoclast density (Zhou
et al., 2010).

Distal-less homeobox 5

Distal-less homeobox 5 (Dlx5) is a proliferation and early
osteoblast differentiation driver that also influences the later
stages of osteogenesis. This transcription factor is expressed
specifically in osteogenic lineage cells, such as chondropro-
genitor cells (Samee et al., 2008). Dlx5 can induce osteoblast
differentiation from endochondral and membrane oscillating
bone (Erceg et al., 2003). Furthermore, in vitro studies have
reported that Dlx5 acts as a direct transcription activator of
Runx2 by binding to the P1 promoter, which is the transcrip-
tional regulator of the Runx2-II isoform. Dlx5 expression is
specifically induced by BMP signaling pathways such as BMP-
2 or BMP-4 stimulation (Holleville et al., 2007; Samee et al.,
2008). Earlier studies have shown that the Dlx5 modulation
of osteoblast differentiation mediates Runx2 expression via
BMP-2 stimulation (Lee et al., 2003a; Holleville et al., 2007).
Dlx5 has also been shown to promote ALP and Osx via a
Runx2-independent pathway. Osx expression was also
reduced in Dlx5�/� osteoblast cultures (Holleville et al., 2007;
Samee et al., 2008). Osx, as previously stated, is a down-
stream of Runx2 (Samee et al., 2008; Lee et al., 2003b).
Moreover, Dlx5 directly controls OCN and BSP transcription
in in vitro studies due to a significant decrease in Dlx5�/�

osteoblast culture (Samee et al., 2008).

Table 2. Essential osteoblastic markers.

No. Marker Role References

1. ALP ECM maturation. Stein and Lian, 1993
2. BSP-II Promotes mineralization by

regulating the formation of
hydroxyapatite crystals.

Gordon et al., 2007; Kim et al., 1994;
Lin et al., 2020

3. COL1A1 ECM main constituents. Stein and Lian, 1993
4. OCN Terminal osteoblast differentiation

markers, which regulate calcium
metabolism and promote mineral
deposition in ECMs.

Xiao et al., 2005

5. OPN Increases MSC proliferation capacity
in a dose-dependent manner and
promotes bone formation and
mineralization.

Lin et al., 2020
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b-catenin

b-catenin is an important component that transduces canon-
ical Wnt signaling to determine the direction of mesenchy-
mal progenitor differentiation, regardless of regional location
or oscillation mechanism. Activation of b-catenin leads to
increase oscillation and suppression of chondrocyte forma-
tion. In the meantime, its inactivation inhibits osteoblast dif-
ferentiation during intramembranous and endochondral
ossification and promotes chondrocyte differentiation (Day
et al., 2005; Hill et al., 2005; Hu et al., 2005). Furthermore,
b-catenin/TCF1 has been shown to increase Runx2 promoter
expression and activity, causing osteoprogenitor cells to dif-
ferentiate into preosteoblasts. b-catenin, along with Osx, reg-
ulates the differentiation of preosteoblasts into immature
osteoblasts (Gaur et al., 2005).

Activating transcription factor 4

Activating transcription factor 4 (ATF4) is a leucine basic zip-
per (bZip) transcription factor from the ATF/cAMP family
response element-binding protein (CREB). The ATF4 gene
appears to be expressed in variety of cells during develop-
ment and embryonic life. However, the accumulation of
ATF4 protein is strongly inversely related to its gene expres-
sion because ATF4 protein is degraded in most cells, except
osteoblasts, via ubiquitination mediated by b-TrCP1, ligase
ubiquitin E3 (Yang & Karsenty, 2004; Zhang et al., 2019).
ATF4 is required for terminal osteoblast differentiation via
OCN activation, as well as regulation of chondrocyte prolifer-
ation and differentiation during skeletal development via Ihh
activation (Wang et al., 2009; Yang & Karsenty, 2004; Zhang
et al., 2019). ATF4 ablation has been linked to severe osteo-
penia, impaired terminal osteoblast differentiation, and
decreased OCN expression and type I collagen production in
mice (Yang et al., 2004). Previous studies demonstrate that
ATF4 acts as a specific activator of osteocalcin-specific elem-
ent 1 (OSE1) in an RSK2-dependent manner, and that it indir-
ectly associates with Runx2 to increase OCN expression,
which eventually leads to terminal osteoblast differentiation
(Xiao et al., 2005; Yang et al., 2004). Satb2 mediates the syn-
ergistic action of both. Transcription factor general IIag
(TFIIAg) has also been reported to increase OCN expression
via interactions with Runx2 and ATF4 (Dobreva et al., 2006;
Yu et al., 2008). Furthermore, Tominaga et al. (2008) stated
that CCAAT/enhancer-binding proteins (C/EBPs), a bZip pro-
tein family, are responsible for increasing OCN promoter
activity via a heterodimeric bond with ATF4 on OSE1. C/EBPb
is expressed in osteoblastic cells, and its regulation becomes
more active during osteoblast differentiation. This hetero-
dimerization also facilitates it to collaborate with Runx2
(Tominaga et al., 2008). Xiao et al. (2005) demonstrated that
the physical interaction between C/EBPb and Runx2 pro-
motes OCN promoter gene expression. Thus, C/EBPb pro-
motes the formation of complexes and associations between
ATF4 and Runx2 in order to encourage OCN expression dur-
ing terminal osteoblast differentiation (Tominaga et al.,
2008). Moreover, ATF4 also plays a role in the regulation of

chondrocyte proliferation and differentiation during skeletal
formation by involving Ihh transcription and signaling. ATF4
overexpression in mutant chondrocytes restored osteoblastic
marker gene (OCN and BSP) expression in developing bone,
according to studies using the ATF4-/-;COL2A1-ATF4 mouse
model, in which ATF4 was expressed in chondrocytes select-
ively in an ATF4-null background. This is followed by correc-
tion of the bone elongation defect as well as improvement
in decreased Ihh expression and Hh signaling. As a result,
ATF4 is involved in the autonomic role of chondrocytes in
growth plate development and may also be involved in
osteogenesis regulation during postnatal bone development
and remodeling (Wang et al., 2009, 2012).

Indian hedgehog

The transcription factor Indian hedgehog (Ihh) is a Drosophila
hedgehog (Hh) mammalian homologue that is important for
osteoblast differentiation and bone formation. Ihh acts as the
primary regulator in the longitudinal growth and develop-
ment of the endochondral skeleton. It is primarily expressed
by peritrophic chondrocytes that have recently exited the
cell cycle and send signals to proliferative chondrocytes to
divide and perichondrial mesenchymal cells to differentiate
into osteoblasts. The dysfunctional regulation of Hh signaling
causes problems with bone homeostasis and development,
as well as the onset of several bone diseases such as pro-
gressive heteroplasia and osseous dysplasia (Long et al.,
2004; Wang et al., 2012; Yang et al., 2015). In vivo studies
revealed that Ihh gene deficiency reduced chondrocyte pro-
liferation and maturation, as well as failed osteoblast devel-
opment in endochondral bone (St-Jacques et al., 1999). In an
in vitro study using MC3T3-E1 osteoblast cells, Ihh expression
increases ALP activity through cooperation with BMP-2
(Nakamura et al., 1997). Meanwhile, knocking out Ihh causes
an increase in apoptosis, cell cycle termination in the G1 to S
phases in osteoblasts, as well as a decrease in ALP activity
and osteoblast mineral deposition, which are associated with
the TGF-b/Smad and OPG/RANKL signaling pathways (Deng
et al., 2017). Furthermore, Hh proteins, including Ihh, exert
biological effects via their receptor components, patched
(PTCH) and smoothened (Smo). Ihh binding to PTCH acti-
vates Smo and transduces signals in the cytoplasm via the
fusion of intracellular signal molecules and transcription fac-
tors from the Gli family with the zinc finger domain. Gli2 and
Gli3 are direct Ihh signaling mediators. Ihh/Gli2 signaling pro-
motes mesenchymal cell differentiation in osteoblastogenesis
by regulating expression and stimulating Runx2 osteoblasto-
genic function. Gli2 physically increases Runx2 expression
and Runx2 osteogenic activity (Shimoyama et al., 2007).
Meanwhile, Gli3 functions as a transcriptional repressor of
the Hh target gene (Hilton et al., 2005).

Special at-rich sequence binding protein 2

Special AT-rich sequence binding protein 2 (Satb2) is a gene
derived from a family of special AT-rich binding proteins that
bind nuclear matrix attachment regions (MARs), an AT-rich
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DNA sequence involved in gene transcription regulation.
MAR affects the organization of eukaryotic chromosomes by
structurally defining the boundary of the chromatin domain
and increasing the ability of enhancers to work over long
distances. Satb2 is known to be located in the poor region
of the 2q32-q33 gene, and its coding transcript consists of
11 exons and 191 kb of genomic DNA (FitzPatrick et al.,
2003; Dobreva et al., 2006 ). Satb2 is thought to increase
expression of gene differentiation-specific type cells by regu-
lating chromatin recurrence in MAR (Dobreva et al., 2006).
Satb2 has been proven to be a multifunctional determinant
of craniofacial pattern and osteoblast differentiation.
Activation of Satb2 by Osx overexpression is responsible for
MSC differentiation into osteoblasts by targeting inhibition of
several Hox genes (Hoxa13, Hoxa2, and Hoxb2) in osteo-
blasts. Hox is a gene that regulates branchial arch patterns
by directly recognizing MAR-like sequences (Dobreva et al.,
2006; Mouill�e et al., 2022). Furthermore, Satb2 also targets
BSP as an initial marker for osteoblast differentiation and
OCN as a terminal marker for osteoblast differentiation
(Dobreva et al., 2006). BSP is the main structural protein of
the bone matrix that promotes osteoblast differentiation and
thus increases the production of terminalized matrix (Gordon
et al., 2007; Kim et al., 1994). Satb2 directly binds to the BSP
promoter region associated with the three osteoblast-specific
element sequences, according to ChIP and EMSA analysis of
fully-differentiated osteoblasts (Dobreva et al., 2006; Kim
et al., 1994). Meanwhile, OCN, which is involved in bone
matrix mineralization, is the second most abundant protein
in bone after collagen. OCN is highly expressed in matured
osteoblasts, which initiate the bone formation (Li et al., 2016;
Rutkovskiy et al., 2016). Existing literature has shown that
Runx2 and ATF4, transcription factors that promote mineral-
ization at different stages of the bone formation process,
play a role in OCN regulation. In their functional synergy,
Runx2 and ATF4 have indirect interactions. Satb2 acts as a
synergistic activation mediator of Runx2 and ATF4 in this
regard because double heterozygous mutant mice, Satb2/
Runx2 and Satb2/ATF4, showed defects in bone formation.
Thus, Satb2 physically interacts with Runx2 and ATF4,
increasing their transactivation function; incorporates the
specific-transcription factor at the OCN promoter, encourag-
ing OCN expression indirectly (Bidwell et al., 1993; Dobreva
et al., 2006; Ducy & Karsenty, 1995).

Schnurri-3

Schnurri-3 (Shn3) is a large zinc finger protein that plays an
important role in embryogenesis as a cofactor for
Decapentaplegic signaling (Dpp), a Drosophila homolog of
the BMP/TGF-b signaling pathway. Shn3 is one of three
Drosophila Shn mammalian homologs that act as essential
regulators of bone formation, regulating osteoblast activity
(Jones et al., 2006). Shn3 knockout mice had a higher bone
tenure phenotype due to increased synthetic osteoblast
activity and bone formation. In osteoblasts, a multimeric
complex composed of Runx2, Shn3, and the Nedd4 family’s
E3 ubiquitin ligase WWP1 can inhibit Runx2 function. This is

because Shn3 promotes Runx2 poly-ubiquitination and pro-
teasome-dependent degradation via WWP1. Therefore, the
absence of Shn3 in osteoblasts causes an increase in Runx2
protein levels, followed by an increase in Runx2 transcrip-
tional activity and target gene, which increases extracellular
matrix mineralization during the bone formation process
(Jones et al., 2006). Furthermore, Shn3 mediates interaction
and inhibition of ERK activity in the Wnt signaling pathway
in osteoblasts. In vivo studies revealed that knockout in this
section causes abnormal ERK activation, resulting in osteo-
blast hyperactivity and bone development problems (Shim
et al., 2013).

Twist-associated protein 1

Twist-related protein 1 (Twist-1) is a basic helix-loop-helix
(bHLH) transcription factor that acts as an anti-osteogenic
and osteogenesis initiator (Komaki et al., 2007; Lee et al.,
1999; Zhang et al., 2014). In humans and mice, heterozygous
loss of Twist-1 functions causes Saethre-Chotxen syndrome,
which is characterized by craniosynostosis, a condition
caused by premature osteoblast differentiation in the skull
(Quarto et al., 2015). Twist-1 has been shown to suppress
osteoblast differentiation by inhibiting Runx2 function. The
decreasing Twist-1 gene expression triggers osteoblast differ-
entiation through increased expression of Runx2 downstream
in vivo. Twist-1 overexpression also inhibits osteoblast differ-
entiation while having no effect on Runx2 expression (Bialek
et al., 2004; Zhang et al., 2014). Similar to Runx2, Twist-1 also
inhibits ATF4 function without interfering with ATF4 protein
levels (Danciu et al., 2012). In vitro experiments with
C3H10T1/2 cells revealed that decreased Twist-1 gene
expression resulted in increased ALP and COL1A1 expression.
Moreover, Twist-1 has been shown to modulate Fgfr2 expres-
sion, activating ERK1/2 and PI3K signaling during osteoblas-
togenesis (Guenou et al., 2005; Miraoui et al., 2010). Twist-1
and Twist-2 haploinsufficient mouse models revealed that
hereditary expression of Fgfr2 and Fgfr1-4 causes a decrease
in bone formation, proliferative disorders, and osteoprogeni-
tor differentiation (Huang et al., 2014).

Noncoding RNAs and their interplay with essential
transcription factors: an advanced regulation
concept for osteoblast differentiation

Noncoding RNAs (ncRNAs) are functional RNA molecules that
do not have the ability to encode proteins, so they were ini-
tially considered ‘evolutionary garbage’. However, emerging
evidence has established the role of ncRNAs as potent and
multifunctional regulators in all biological processes, includ-
ing transcriptional regulation of osteoblast differentiation
(Beermann et al., 2016; Aurilia et al., 2021). In parallel, these
studies have discovered an association between ncRNA
expression and disease progression in humans, including
bone-related diseases. MicroRNAs (miRNAs), small interfering
RNAs (siRNAs), PIWI-interacting RNAs (piRNAs), long noncod-
ing RNAs (lncRNAs), circular RNAs (circRNAs), and other
ncRNAs have been identified due to advances in RNA-Seq
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(Lekka & Hall, 2018; Li et al., 2020, 2021). Here, we will dis-
cuss three ncRNAs that have been hot topics in the develop-
ment of new therapeutic targets for bone-related diseases:
miRNA, lncRNA, and circRNA. Figure 3 depicts the involve-
ment of these ncRNAs in osteoblast differentiation.

MicroRNA

MicroRNAs (miRNAs) are a type of short noncoding RNA that
contains 20–22 nucleotides. MiRNAs do not encode proteins,
but they do regulate the levels of other proteins, particularly
at the post-transcriptional level, by lowering messenger RNA
(mRNA) levels or inhibiting translation by binding to the
3’UTR of the target mRNA (Inose et al., 2009; Wang et al.,
2020). Interestingly, Davis and Hata (2009) reported that
miRNAs regulate approximately one-third of human genes.
Evidence of miRNA involvement in regulating osteoblast dif-
ferentiation and bone formation has been studied continu-
ously over the last two decades. Wnt and BMP are the main
signaling pathways in osteoblast differentiation, as previously
described, and miRNAs have been shown to target both.

Understanding the role of miRNAs in osteoblastogenesis
will provide important therapeutic insights. Previous research
has found that miRNAs play a role in the regulation of osteo-
blast differentiation (Table 3). Several miRNAs, including miR-
322, miR-27a, miR-26b, and miRNA-92a-3p, act as positive
regulators of osteoblast differentiation. MiR 23a27a24-2, miR-
214, miR-34b and -c, miR-31, miR-203, miR-320b, miR-467g,

miR-376c-3p, miR-145, and miR-103 are examples of nega-
tive regulators.

Long noncoding RNA

Long noncoding (lnc) RNA (lncRNAs) is a diverse class of
transcripts that is 200–10,000 nucleotides longer than other
types of ncRNAs (Nardocci et al., 2018; Silva et al., 2019). This
type of ncRNA is widely transcribed in the nucleus by RNA
polymerase II via 50 capping, 30 poly-A tail addition, and RNA
splicing (Aurilia et al., 2021). LncRNAs are poorly conserved
among mammalian species but play critical roles in transcrip-
tional and post-transcriptional regulation, mRNA translation
control, and chromatin structure regulation (Nardocci et al.,
2018). Furthermore, lncRNAs can act as endogenous RNAs
(ceRNAs) for miRNA ‘sponges’ and influence miRNA expres-
sion, thereby reducing the regulatory effect of miRNAs on
miRNA targets (Thomson & Dinger, 2016; Xiao et al., 2017).

Unlike miRNAs, lncRNAs can be folded into complex sec-
ondary and higher-order structures to improve target recog-
nition (Huang et al., 2015). These findings point to their role
in the emergence and development of a disease. Several
recent studies have found that lncRNAs play a role in osteo-
blast differentiation and act as ceRNAs targeting downstream
miRNAs (Table 4). H19, TUG1, MEG3, and MALAT1 are
lncRNAs that act as positive regulators of osteoblast differen-
tiation. H19, ANCR, ODIR1, AK045490, HOTAIR, UCA1, Xist,

Table 3. miRNAs involved in osteoblast differentiation regulation.

No. miRNAs Therapeutic prospects Roles References

1. miR 23a–27a–24-2 Bone formation Inhibits bone formation by targeting Runx2
and Satb2.

Hassan et al., 2010

2. miR-39a and -b Bone loss Promotes osteoblast differentiation by
decreasing the expression of Wnt
signaling antagonists (DKK-1, Kremen2,
and sFRP2) and AKT/b-catenin (PTEN).

Kapinas et al., 2010; Xia
et al., 2020

3. miR-214 Osteoporosis Inhibits osteoblast differentiation by
targeting ATF4.

Wang et al., 2013

4. miR-34b and -c Skeletogenesis
(embryogenesis and
postnatally)

Inhibits osteoblast terminal differentiation by
targeting Satb2.

Wei et al., 2012

5. miR-31 Bone formation Inhibits osteoblast differentiation by
reversing Osx expression and suppressing
the level of the Satb2 protein.

Bagl�ıo et al., 2013; Deng
et al., 2013; Xie
et al., 2014

6. miR-322 Bone formation Enhances BMP-2 response and Osx
expression by targeting Tob2.

G�amez et al., 2013

7. miR-203 and miR-320b Bone formation Inhibits BMP-2 stimulates osteoblast
differentiation by targeting Dlx5, which
inhibits the roles of Runx2 and Osx.

Laxman et al., 2016

8. miR-27a Bone formation Inhibits Osx expression and attenuates
Satb2-induced osteoblast differentiation.

Gong et al., 2016

9. miR-467g Bone formation Inhibits osteoblast differentiation by
targeting Runx2 and Ihh signaling.

Kureel et al., 2017

10. miR-376c-3p Skeletal abnormalities Inhibits osteoblast proliferation and
differentiation through Twist-1 regulation.

Camp et al., 2018

11. miR-145 Adolescent
idiopathic scoliosis

Disrupt osteoblast and osteocyte function
through upregulation of
b-catenin expression.

Zhang et al., 2018

12. miR-26b Osteoporosis and
osteoarthritis

Promotes osteoblast differentiation by
regulating b-catenin.

Hu et al., 2019; Yang
et al., 2022

13. miR-103 Osteoporosis Inhibits osteoblast proliferation and
differentiation by targeting Satb2.

Lv et al., 2020

14. miR-92a-3p Fracture healing Inhibits IBSP expression and promotes
osteoblast differentiation via the PI3K/AKT
signaling pathway.

Hu et al., 2021

sFRP2, secreted frizzled related protein 2; PTEN, phosphatase and tensin homolog; IBSP, integrin binding sialoprotein.
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DANCR, AK039312, and AK079370 are examples of nega-
tive regulators.

Circular RNA

Circular RNAs (circRNAs) are a type of ncRNA that is being
studied extensively as therapeutic targets and biomarkers.
CircRNA has a covalently closed ring structure and is an
endogenous biomolecule that lacks a 50 end cap or 30

poly(A) tail, making it highly stable and resistant to RNase R
and other exonucleases, with a mean half-life of more than
48 hours (Barrett & Salzman, 2016; Chen et al., 2021).
CircRNAs are found exclusively in the cytoplasm, but some
can also be found in the nucleus, particularly circRNAs con-
taining introns. Like lncRNA, circRNA also acts as a
miRNA sponge.

Furthermore, circRNA regulates gene transcription and
translation, modifies alternative splicing, and can interact
with regulatory RNA-binding protein (RBP) (Chen et al., 2021;
Patil et al., 2020). Recent research has revealed that circRNAs
play an important role in bone disease by regulating osteo-
blast differentiation. Table 5 shows some examples of
circRNA’s role in osteogenic regulation. CircRNAs that pro-
mote osteoblast differentiation include AFF4, has_-
circ_0074834, circSIPA1L1, has_circ_0076690, circ_0024097,
circRNA124534, circ_0076906, circRNA-vgll3, circ_0000020,
circStag1, and circ_0019693. CircRNA 25487, circRNA TGFBR2,
and circ_0003204, on the other hand, inhibited osteoblast
differentiation.

Prospect for the future

Rapid technological advances have created a plethora of
new therapeutic targets for bone-related diseases. In recent
years, studies on the involvement of ncRNAs in osteoblast
differentiation among the classical mechanisms were
reported to influence the activity of transcription factors in
regulating physiological and pathological processes.
According to this evidence, there is a growing interest in
ncRNA-based therapies for bone diseases. Various exogenous
ncRNA delivery systems to target sites have also been inves-
tigated. Several base scaffolds and carriers are being devel-
oped for delivery of ncRNAs, including liposomes, hydrogels,
exosomes, synthetic and natural nanoparticles, nanofibers,
and microspheres (Balagangadharan et al., 2018; Guan et al.,
2022; Li et al., 2021). These findings suggest a new challenge
in the discovery and development of therapeutic strategies
for bone-related diseases, as well as a promising opportunity
in controlling bone regeneration. Notably, it was discovered
that microchannel porous hydroxyapatite scaffolds interfere
with miRNA expression (Jiajun et al., 2020). More intriguingly,
the combination of ncRNAs and specific scaffold biomaterials,
such as hydroxyapatite, is expected to not only improve the
osteogenic performance of the scaffolds but also act as
drugs for bone-related diseases (Damiati & El-Messeiry, 2021;
Khotib et al., 2021; Pan et al., 2021). Unfortunately, studies
on the potential role of ncRNAs in the mechanism of osteo-
blast differentiation have not yet covered all bone-related

diseases. The research available is limited to common cases
like osteoporosis, fractures, and osteoarthritis. Meanwhile, it
has not been widely investigated in other cases, such as
Paget’s disease of bone (PDB), periodontitis, osteogenic
imperfecta, osteosarcoma, etc.

As an example, consider PDB. It is a bone regeneration
disorder characterized by excessive osteoclastic bone resorp-
tion followed by an increase in osteoblastic activity to com-
pensate for bone remodeling (Nebot Valenzuela &
Pietschmann, 2017). Despite the fact that PDB is the second
most common bone disease after osteoporosis, recent
reports indicate a global decline in prevalence and severity,
which may be due to changes in environmental and lifestyle
factors. Finally, these conditions lead to a decrease in PDB
diagnoses (Michou & Orcel, 2019; Gennari et al., 2019).
Current research on PDB therapeutic targets has focused on
osteoclast-related pathways, such as the receptor activator of
nuclear factor-B ligand (RANKL). Surprisingly, Marshall et al.
(2009) and Yavropoulou et al. (2012) described the role of
osteoblasts in PDB. SOST and DKK-1 levels of antagonists of
the Wnt signaling pathway were found to be higher in PDB
patients than in healthy controls. By contrast, Idolazzi et al.
(2017) and Werner de Castro et al. (2019) reported that
serum levels of SOST and DKK-1 in PDB patients were com-
parable to healthy subjects. On the other hand, the role of
the Wnt/b-catenin signaling system in the pathogenesis of
PDB cannot be denied.

Likewise, periodontitis is a chronic bacterial (Porphyromonas
gingivalis)-related inflammation of the soft tissues that support
tooth structure. The significant proportion of the variation in
periodontitis severity is thought to be due to genetic factors
(Sayad et al., 2020). In this case, osteoblasts are functionally
important cells that, along with periodontal ligament stem
cells (PDLSCs), contribute to the physiological function of
periodontal tissues and participate in periodontal regener-
ation (Yu et al., 2017). Several recent studies have reported
the role of ncRNAs in the regulation of osteogenic differenti-
ation gene expression in human PDLSCs (Cuevas-Gonz�alez
et al., 2021; Santonocito et al., 2021; Sayad et al., 2020).
Anyway, more detailed reports on the various roles of ncRNAs
in osteoblast differentiation and their potential effects in this
area are still lacking.

Overall, further exploration into the roles of major signal-
ing pathways, essential transcription factors, and ncRNAs in
the molecular mechanisms of osteoblast differentiation is
urgently needed in order to develop better therapeutic strat-
egies for bone-related diseases.

Conclusion

Studies into the molecular mechanisms of osteoblast differ-
entiation have greatly evolved. Previously, classical mecha-
nisms thought that essential transcription factors were
present to control MSC differentiation and commitment to
osteogenesis. Surprisingly, in recent years, the use of high-
throughput sequencing technology in conjunction with bio-
informatics analysis has successfully identified the involve-
ment of ncRNAs in bone regeneration, gaining insights in
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the orthopaedic and endodontic fields. This review described
advances in the understanding of molecular mechanisms of
osteoblast differentiation involving the roles of essential tran-
scription factors and ncRNAs. Both interactions form a regu-
latory complex that controls gene expression. These findings
provide exciting and valuable information in the identifica-
tion of novel molecular players, paving the way for the
future development of therapeutic agents as well as bio-
markers for diagnostic and beneficial follow-up procedures in
the treatment of bone-related diseases.
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