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Instructions to Authors 

Scopes 
Study areas include cell biology, genomics, microbiology, immunology, molecular biology, 
biochemistry, embryology, immunogenetics, cell and tissue culture, molecular ecology, genetic 
engineering and biological engineering, bioremediation and biodegradation, bioinformatics, 
biotechnology regulations, gene therapy, organismal biology, microbial and environmental 
biotechnology, marine sciences. The JJBS welcomes the submission of manuscript that meets the 
general criteria of significance and academic excellence. All articles published in JJBS are peer-
reviewed. Papers will be published approximately one to two months after acceptance. 
Type of Papers 
The journal publishes high-quality original scientific papers, short communications, correspondence 
and case studies. Review articles are usually by invitation only. However, Review articles of current 
interest and high standard will be considered. 
Submission of Manuscript 
Manuscript, or the essence of their content, must be previously unpublished and should not be under 
simultaneous consideration by another journal. The authors should also declare if any similar work has 
been submitted to or published by another journal. They should also declare that it has not been 
submitted/ published elsewhere in the same form, in English or in any other language, without the 
written consent of the Publisher. The authors should also declare that the paper is the original work of 
the author(s) and not copied (in whole or in part) from any other work. All papers will be automatically 
checked for duplicate publication and plagiarism. If detected, appropriate action will be taken in 
accordance with International Ethical Guideline. By virtue of the submitted manuscript, the 
corresponding author acknowledges that all the co-authors have seen and approved the final version of 
the manuscript. The corresponding author should provide all co-authors with information regarding the 
manuscript, and obtain their approval before submitting any revisions. Electronic submission of 
manuscripts is strongly recommended, provided that the text, tables and figures are included in a single 
Microsoft Word file. Submit manuscript as e-mail attachment to the Editorial Office at: 
JJBS@hu.edu.jo. After submission, a manuscript number will be communicated to the corresponding 
author within 48 hours. 
Peer-review Process  
It is requested to submit, with the manuscript, the names, addresses and e-mail addresses of at least 4 
potential reviewers. It is the sole right of the editor to decide whether or not the suggested reviewers to 
be used. The reviewers’ comments will be sent to authors within 6-8 weeks after submission. 
Manuscripts and figures for review will not be returned to authors whether the editorial decision is to 
accept, revise, or reject. All Case Reports and Short Communication must include at least one table 
and/ or one figure. 
Preparation of Manuscript  
The manuscript should be written in English with simple lay out. The text should be prepared in single 
column format. Bold face, italics, subscripts, superscripts etc. can be used. Pages should be numbered 
consecutively, beginning with the title page and continuing through the last page of typewritten 
material. 
The text can be divided into numbered sections with brief headings. Starting from introduction with 
section 1. Subsections should be numbered (for example 2.1 (then 2.1.1, 2.1.2, 2.2, etc.), up to three 
levels. Manuscripts in general should be organized in the following manner:  
Title Page 
The title page should contain a brief title, correct first name, middle initial and family name of each 
author and name and address of the department(s) and institution(s) from where the research was 
carried out for each author. The title should be without any abbreviations and it should enlighten the 
contents of the paper. All affiliations should be provided with a lower-case superscript number  just 
after the author's name and in front of the appropriate address.  
The name of the corresponding author should be indicated along with telephone and fax numbers (with 
country and area code) along with full postal address and e-mail address.  
 
 



Abstract 
 The abstract should be concise and informative. It should not exceed 350 words in length for full 
manuscript and Review article and 150 words in case of Case Report and/ or Short Communication. It 
should briefly describe the purpose of the work, techniques and methods used, major findings with 
important data and conclusions. No references should be cited in this part. Generally non-standard 
abbreviations should not be used, if necessary they should be clearly defined in the abstract, at first use. 
Keywords  
Immediately after the abstract, about 4-8 keywords should be given.  Use of abbreviations should be 
avoided, only standard abbreviations, well known in the established area may be used, if appropriate. 
These keywords will be used for indexing. 
Abbreviations 
Non-standard abbreviations should be listed and full form of each abbreviation should be given in 
parentheses at first use in the text. 

Introduction  
Provide a factual background, clearly defined problem, proposed solution, a brief literature survey and 
the scope and justification of the work done.   
Materials and Methods 
Give adequate information to allow the experiment to be reproduced.  Already published methods 
should be mentioned with references. Significant modifications of published methods and new methods 
should be described in detail. Capitalize trade names and include the manufacturer’s name and address. 
Subheading should be used.  
Results  
Results should be clearly described in a concise manner. Results for different parameters should be 
described under subheadings or in separate paragraph. Results should be explained, but largely without 
referring to the literature. Table or figure numbers should be mentioned in parentheses for better 
understanding.  
Discussion 
The discussion should not repeat the results, but provide detailed interpretation of data. This should 
interpret the significance of the findings of the work. Citations should be given in support of the 
findings. The results and discussion part can also be described as separate, if appropriate. The Results 
and Discussion sections can include subheadings, and when appropriate, both sections can be combined 
Conclusions 
This should briefly state the major findings of the study.   
Acknowledgment  
A brief acknowledgment section may be given after the conclusion section just before the references. 
The acknowledgment of people who provided assistance in manuscript preparation, funding for 
research, etc. should be listed in this section. 
 Tables and Figures 
Tables and figures should be presented as per their appearance in the text. It is suggested that the 
discussion about the tables and figures should appear in the text before the appearance of the respective 
tables and figures. No tables or figures should be given without discussion or reference inside the text. 
Tables should be explanatory enough to be understandable without any text reference. Double spacing 
should be maintained throughout the table, including table headings and footnotes. Table headings 
should be placed above the table. Footnotes should be placed below the table with superscript 
lowercase letters. Each table should be on a separate page, numbered consecutively in Arabic numerals.    
Each figure should have a ca ption. The caption should be concise and typed separately, not on the 
figure area. Figures should be self-explanatory. Information presented in the figure should not be 
repeated in the table. All symbols and abbreviations used in the illustrations should be defined clearly. 
Figure legends should be given below the figures.  
 
 



References  
References should be listed alphabetically at the end of the manuscript. Every reference referred in the 
text must be also present in the reference list and vice versa. In the text, a reference identified by means 
of an author’s name should be followed by the year of publication in parentheses ( e.g.( Brown,2009)). 
For two authors, both authors’ names followed by the year of publication (e.g.( Nelson and Brown, 
2007)).  When there are more than two authors, only the first author's name followed by "et al." and the 
year of publication ( e.g. ( Abu-Elteen et al., 2010)). When two or more works of an author has been 
published during the same year, the reference should be identified by the letters "a", "b", "c", etc., 
placed after the year of publication. This should be followed both in the text and reference list. e.g., 
Hilly, (2002a, 2002b); Hilly, and Nelson, (2004). Articles in preparation or submitted for publication, 
unpublished observations, personal communications, etc. should not be included in the reference list 
but should only be mentioned in the article text ( e.g., Shtyawy,A., University of Jordan, personal 
communication).  Journal titles should be abbreviated according to the system adopted in Biological 
Abstract and Index Medicus, if not included in Biological Abstract or Index Medicus journal title 
should be given in full. The author is responsible for the sccuracy and completeness of the references 
and for their correct textual citation. Failure to do so may result in the paper being withdraw from the 
evaluation process.    Example of correct reference form is given as follows:- 
Reference to a journal publication:  

Bloch BK. 2002. Econazole nitrate in the treatment of  Candida  vaginitis.  S Afr  Med  J. , 58:314-323. 

Ogunseitan OA and  Ndoye IL. 2006. Protein method for investigating mercuric reductase gene 
expression in aquatic environments.  Appl Environ Microbiol., 64: 695-702. 
 
Hilly MO, Adams MN and   Nelson SC. 2009. Potential fly-ash utilization in agriculture. Progress in 
Natural Sci., 19: 1173-1186. 

Reference to a book:  
Brown WY and White SR.1985. The Elements of Style, third ed. MacMillan, New York.  

Reference to a chapter in an edited book:  
Mettam GR and  Adams LB. 2010. How to prepare an electronic version of your article. In: Jones BS 
and  Smith  RZ (Eds.), Introduction to the Electronic Age. Kluwer Academic Publishers, 
Netherlands, pp. 281–304. 
 
Conferences and Meetings: 
Embabi NS. 1990. Environmental aspects of distribution of mangrove in the United Arab Emirates. 
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Theses and Dissertations: 
El-Labadi SN. 2002. Intestinal digenetic trematodes of some marine fishes from the Gulf of Aqaba. 
MSc dissertation, The Hashemite University, Zarqa, Jordan.  
 Nomenclature and Units  
Internationally accepted rules and the international system of units (SI) should be used. If other units 
are mentioned, please give their equivalent in SI.  
For biological nomenclature, the conventions of the International Code of Botanical Nomenclature, the 
International Code of Nomenclature of Bacteria, and the International Code of Zoological 
Nomenclature should be followed.  
Scientific names of all biological creatures (crops, plants, insects, birds, mammals, etc.) should be 
mentioned in parentheses at first use of their English term.   
Chemical nomenclature, as laid down in the International Union of Pure and Applied Chemistry and 
the official recommendations of the IUPAC-IUB Combined Commission on Biochemical Nomenclature 
should be followed. All biocides and other organic compounds must be identified by their Geneva 
names when first used in the text. Active ingredients of all formulations should be likewise identified. 
 
 



Math formulae  
All equations referred to in the text should be numbered serially at the right-hand side in parentheses. 
Meaning of all symbols should be given immediately after the equation at first use. Instead of root 
signs fractional powers should be used. Subscripts and  superscripts should be presented clearly. 
Variables should be presented in italics. Greek letters and non-Roman symbols should be described in 
the margin at their first use.  
To avoid any misunderstanding zero (0) and the letter O, and one (1) and the letter l should be clearly 
differentiated. For simple fractions use of the solidus (/) instead of a horizontal line is recommended.  
Levels of statistical significance such as: *P <0.05, **P <0.01 and ***P <0.001 do not require any further 
explanation. 
Copyright  
Submission of a manuscript clearly indicates that: the study has not been published before or is not 
under consideration for publication elsewhere (except as an abstract or as part of a published lecture or 
academic thesis); its publication is permitted by all authors and after accepted for publication it will not 
be submitted for publication anywhere else, in English or in any other language, without the written 
approval of the copyright-holder. The journal may consider manuscripts that are translations of articles 
originally published in another language. In this case, the consent of the journal in which the article 
was originally published must be obtained and the fact that the article has already been published must 
be made clear on submission and stated in the abstract. It is compulsory for the authors to ensure that 
no material submitted as part of a manuscript infringes existing copyrights, or the rights of a third 
party.  
Ethical Consent 
All manuscripts reporting the results of experimental investigation involving human subjects should 
include a s tatement confirming that each subject or subject's guardian obtains an informed consent, 
after the approval of the experimental protocol by a l ocal human ethics committee or IRB. When 
reporting experiments on animals, authors should indicate whether the institutional and national guide 
for the care and use of laboratory animals was followed.  
Plagiarism 
The JJBS hold no responsibility for plagiarism. If a published paper is found later to be extensively 
plagiarized and is found to be a d uplicate or redundant publication, a note of retraction will be 
published, and copies of the correspondence will be sent to the authors’ head of institute. 
Galley Proofs  
The Editorial Office will send proofs of the manuscript to the corresponding author as an e-mail 
attachment for final proof reading and it will be the responsibility of the corresponding author to return 
the galley proof materials appropriately corrected within the stipulated time. Authors will be asked to 
check any typographical or minor clerical errors in the manuscript at this stage. No other major 
alteration in the manuscript is allowed. After publication authors can freely access the full text of the 
article as well as can download and print the PDF file. 
Publication Charges 
There are no page charges for publication in Jordan Journal of Biological Sciences, except for color 
illustrations,  
 Reprints 
Ten (10) reprints are provided to corresponding author free of charge within two weeks after the 
printed journal date. For orders of more reprints, a reprint order form and prices will be sent with 
article proofs, which should be returned directly to the Editor for processing.  
Disclaimer 
Articles, communication, or editorials published by JJBS represent the sole opinions of the authors. 
The publisher shoulders no responsibility or liability what so ever for the use or misuse of the 
information published by JJBS. 
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Editorial Preface 
 
Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international 
journal financed by the Scientific Research and Innovation Support Fund, Ministry of 
Higher Education and Scientific Research in cooperation with the Hashemite 
University, Jordan. JJBS celebrated its 12th  commencement this past January, 2020. 
JJBS was founded in 2008 to create a peer-reviewed journal that publishes high- 
quality research articles, reviews and short communications on novel and innovative 
aspects of a wide variety of biological sciences such as cell biology, developmental 
biology, structural biology, microbiology, entomology, molecular biology, 
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and 
animal biology, plant and animal physiology, genomics and bioinformatics. 

 
We have watched the growth and success of JJBS over the years. JJBS has published 
14 volumes, 60 issues and 800 articles. JJBS has been indexed by SCOPUS, CABI’s 
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently 
has been included in the UGC India approved journals. JJBS Cite Score has improved 
from 0.7 in 2019 to 1.4 in 2021 (Last updated on 6 March, 2022) and with Scimago 
Institution Ranking ( SJR) 0.22 (Q3) in 2021. 

 
A group of highly valuable scholars have agreed to serve on the editorial board and 
this places JJBS in a position of most authoritative on biological sciences. I am 
honored to have six eminent associate editors from various countries. I am also 
delighted with our group of international advisory board members coming from 15 
countries worldwide for their continuous support of JJBS. With our editorial board's 
cumulative experience in various fields of biological sciences, this journal brings a 
substantial representation of biological sciences in different disciplines. Without the 
service and dedication of our editorial; associate editorial and international advisory 
board members, JJBS would have never existed. 

 
In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and 
MEDLINE (the U.S. National Library of Medicine database) and others. As you read 
throughout this volume of JJBS, I would like to remind you that the success of our 
journal depends on the number of quality articles submitted for review. Accordingly, I 
would like to request your participation and colleagues by submitting quality 
manuscripts for review. One of the great benefits we can provide to our prospective 
authors, regardless of acceptance of their manuscripts or not, is the feedback of our 
review process. JJBS provides authors with high quality, helpful reviews to improve 
their manuscripts. 

 
Finally, JJBS would not have succeeded without the collaboration of authors and 
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended 
to The Hashemite University and the Scientific Research and Innovation Support 
Fund, Ministry of Higher Education and Scientific Research for their continuous 
financial and administrative support to JJBS. 

 
 
 

Professor Wedyan ,Mohammed A.  
March, 2024 
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Figure 1. (a) Bar chart showing the cell viability of HT-29 cells treated with Lactobacillus acidophilus supernatant. (b) Bar chart showing 
the cell viability of HT-29 cells treated with Memantine.

3.2. Expression of lncRNAs SNHG16, NEAT1, MALAT1, 
H19, and CCAT2 by Real-Time PCR 

Prior to PCR, cDNA concentrations were measured and 
normalized using a NanoDrop spectrophotometer, with the 
reference genes. Figure 2 presents the comparative and 
average gene expression results for HT-29 cells treated 
with Memantine, Lactobacillus acidophilus, and their 
combination. The relative gene expression of SNHG16, 
NEAT1, MALAT1, H19, and CCAT2 in HT-29 cells is 
illustrated under different treatments compared to the 
control. A significant reduction in gene expression was 
observed across all treatments compared to the control, 
with the most pronounced decrease noted in the 
combination treatment of Memantine and LA supernatant. 
Overall, these results indicate that treatment with 
Memantine and LA supernatant, both individually and 
particularly in combination, leads to a reduction of the 
oncogenic genes SNHG16, NEAT1, MALAT1, H19, and 
CCAT2 in HT-29 cancer cells. 

 

Figure 2. Relative fold expression levels of SNHG16, NEAT1, 
MALAT1, H19, and CCAT2 genes in HT-29 cells treated with 
IC50 concentrations of Memantine, LA supernatant, and their 
combination compared to control. Data are presented as mean ± 
SD based on three replicates. (* indicates P<0.05, ** indicates 
P<0.01, *** indicates P<0.001).

 

3.3. Flow Cytometry Analysis Using Annexin-V Kit 

Figure 3 presents the flow cytometry results for 
apoptosis induction in control cells (panel b) and HT-29 
cells treated with the IC50 concentration of the LA 
supernatant (panel a). The results indicate that 98.4% of 
the control cells are viable, which is expected as they were 
not treated with the LA or Memantine. The percentage of 
early and late apoptosis was 1.41% and 0.13%, 
respectively, and a minimal 0.22% of the cells underwent 
necrosis due to the collection and preparation process, 
which is negligible compared to the healthy and viable 
cells. 

The flow cytometry results demonstrated the effects of 
IC50 concentrations of LA supernatant, Memantine and 
their combination on HT-29 cells. We found that 
combination treatment induced the highest levels of late 
apoptosis (28.20%), significantly higher than either 
treatment alone (Memantine at 11.32% and LA supernatant 
at 9.76%). Early apoptosis was also significantly elevated 
in cells treated with Memantine (15.60%) and the 
combination (5.14%) compared to the control (1.52%). 
While the necrosis rates remained relatively low and 
statistically insignificant across all groups, the 
combination treatment yet showed a slight increase 
(3.10%). We suggest a synergistic effect between LA 
supernatant and Memantine, enhancing apoptotic cell 
death while maintaining low necrosis levels, highlighting 
the potential for combined therapeutic strategies in 
targeting cancer cells. 
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Figure 3. Flow cytometry analysis of apoptosis induction in HT-29 cells. (a) Control cells without any treatment. (b) HT-29 cells were 
treated with an IC50 concentration of the probiotic Lactobacillus acidophilus (LA) aupernatant. (c) HT-29 cells were treated with an IC50 
concentration of Memantine. (d) HT-29 cells were treated with Memantine and LA supernatant.

4. Discussion 

Colorectal cancer ranks among the most prevalent 
types of cancer, with its incidence rapidly increasing 
among both men and women in recent years. Each year, 
over 1 to 2 million new cases are diagnosed, and the 
disease is responsible for over 600,000 deaths. The 
prevalence is particularly higher among men and older 
adults (Rawla et al., 2019). Early screening poses 
challenges, as over 80% of colorectal cancers derive from 
adenomatous polyps, but it can identify patients two to 
three years before symptoms appear. 

Memantine, an NMDA receptor antagonist, has 
demonstrated potential anti-cancer effects by increasing 
mitochondrial complex 1 activity while reducing complex 
5 activity. A study indicated that Memantine disrupts 
glutamate synthesis in prostate cancer cells, leading to cell 
death. Memantine's effects on NMDA receptors, which 
play critical roles in various physiological processes due to 
their high calcium flow and magnesium block, suggest its 
potential in cancer therapy (Gulsah Albayrak et al., 2021). 
Lactobacilli are catalase-negative, Gram-positive rods that 
ferment carbohydrates to produce lactic acid and exhibit 
immunomodulatory properties that benefit for maintaining 
microbial balance. However, some strains can transfer 
antibiotic-resistance genes, necessitating careful evaluation 
of their probiotic properties. Their benefits include 
antimicrobial activity, antibiotic resistance, acid and bile 
tolerance, and stability (Di Cerbo et al., 2016).  

This study assessed the cytotoxic effects of 
Lactobacillus acidophilus supernatant and Memantine 
using the MTT assay, revealing dose-dependent reductions 

in cancer cell viability. Memantine exhibited significantly 
greater cytotoxicity than the LA supernatant, with a 150-
fold difference in IC50 values. Hence, memantine exhibits 
high cytotoxicity against cancer cells and can impede key 
metabolic pathways like glutamate synthesis in cancer 
cells while sparing normal cells. If its low toxicity effect 
on normal cells is confirmed, memantine could potentially 
be considered as a future option for cancer treatment, 
along with probiotics. 

Previous studies have also indicated Memantine's dose-
dependent cytotoxic effects on various cancer cells (G 
Albayrak et al., 2018). 

We demonstrated that Memantine and Lactobacillus 
acidophilus significantly induced apoptosis in HT-29 cells, 
with the combination treatment showing the highest levels 
of late apoptosis. Gene expression analysis indicated 
significant downregulation of oncogenic lncRNAs 
SNHG16, NEAT1, MALAT1, H19, and CCAT2 following 
treatments, with the combination treatment yielding the 
most substantial reductions. These findings align with 
other studies that have reported the apoptotic and 
antiproliferative effects of LA and Memantine (Isazadeh et 
al., 2020; Robinson et al., 2020).  

The observed effects may be due to Memantine's 
antagonistic effect on NMDA receptors, which disrupts 
intracellular calcium signaling and activates apoptotic 
pathways, particularly the mitochondrial (intrinsic) 
pathway. This calcium imbalance triggers cytochrome c 
release from mitochondria, subsequently activating 
caspases responsible for apoptosis (Calvo-Rodriguez et 
al., 2020). On the other hand, Lactobacillus acidophilus 
has been found to modulate the gut microbiota and 
produce SCFAs metabolites with anti-inflammatory and 
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Figure 2.  Liquid chromatography-mass spectroscopy (LC-MS) 
spectra of (A) OP-1 that has specific signals at m/z: 566.2 (4+), 
754.6 (3+), and 1131.2 (2+), (B). OP-2 that has specific signals at 
m/z: 612.6 (5+), 765.4 (4+), and 1020.1 (3+).  

3.2. Physicochemical characterization  

The EtBr exclusion experiment was used to test the 
oligopeptides' ability to condense DNA molecules. EtBr 
creates fluorescence after intercalating between DNA 
strands with ease. When a transfection agent attaches or 
condenses DNA molecules, some EtBr will be omitted or 
excluded from the DNA molecules, resulting in a reduced 
intensity of fluorescence (Blessing, Remy, & Behr, 1998; 
Chen et al., 2016). The fluorescence intensity of the 
oligopeptide/DNA diminishes as the concentration of the 
transfection agent increases (Figure 3).  

   

F
lu

o
re

s
ce

n
ce

 I
n
te

n
si

ty
to

 C
o
n
tr

o
l 
(%

)

 

 

 

 
Figure 3. The binding studies of oligopeptides and the PLL (as 
the control) with DNA molecules were performed by EtBr 
exclusion assay at charge ratio 0-10. The samples’ fluorescence 
intensity was measured at 485 nm for excitation and 590 nm for 
emission. The data are displayed as mean + SD (n=3). 

At a charge ratio of 5.0, the fluorescence intensities of 
the DNA molecules condensed by OP-1 and OP-2 
oligopeptides were approximately 50%; however, at 
charge ratio of 10, their fluorescence intensities decreased 
up to ~45% and ~40%, respectively. The data shows that a 
longer amino acid sequence of OP-2 (which consists of 23 
amino acids) condenses DNA more efficiently than OP-1 
(which consists of 17 amino acids). Both oligopeptides, 
along with the control PLL, displayed similar 
physicochemical characteristics in condensing DNA 
molecules. Fascinatingly, when the ratio of the transfection 
agents to DNA molecules increased from 10 to 20, the 
fluorescence intensities remained almost constant. This 
suggests that EtBr still has access to intercalate between 
the double strands of DNA molecules to produce 
fluorescence even though the transfection agent’s 
concentration increased two-fold from the charge ratio of 
10 to 20. The ability of the oligopeptide to condense and 
protect DNA molecules were further evaluated by agarose 
gel electrophoresis experiments. Based on the DNA 
mobility shift assay, the oligopeptides of OP-1 (13+) and 
OP-2 (15+) were considered strong DNA condensers, as 
there were no DNA bands observed at a low charge ratio 
of 0.4 (Figures 4A and 4B).  
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Figure 4. Gel mobility shift assays (I) and complex stability against DNase (II) of the oligopeptide/DNA performed in agarose gel 
electrophoresis: A/D. OP-1, B/E. OP-2, and C/F. PLL. M: DNA marker, 1 kb ladder, FD: free DNA molecules without transfection agent. 
DNase: DNA + DNase without transfection agent. PLL was used as the control. 

The capability of the oligopeptides to condense DNA 
molecules was comparable to that of the cationic polymer 
PLL. The DNA bands were clearly detected on agarose gel 
from un-complexed, free DNA plasmid (lane FD) as 
shown (Figures 4A-4C). However, as the DNA molecules 
were complexed by both OP-1 and OP-2 or PLL, the DNA 
molecules were retarded in the agarose gel wells. This 
indicates that oligopeptides are very efficient in 
condensing DNA molecules, comparable to the control of 
cationic polymer PLL. The oligopeptide of OP-1 and OP-2 
were further evaluated by incubating the 
oligopeptide/DNA complexes in the presence of DNase. In 
the absence of oligopeptide, the free DNA plasmid (lane 
DNase) was fully degraded as observed (Figures 4D-4F). 
The ability of the oligopeptides to protect DNA molecules 
from DNase degradation was also similar to that of the 
PLL. The smeared DNA bands were un-detected in 
agarose gels as the DNA molecules were protected by the 
oligopeptide and the control PLL. The complex of the 
oligopeptide/DNA was further evaluated by measuring 
their particle sizes and zeta potential values (Figure 5).  

The complex particle sizes of the OP-1 and OP-2 with 
DNA molecules were comparable to the PLL/DNA 
complexes, approximately 110-200 nm. However, based 
on Wilcoxon signed-rank test analysis, there was a 
statistically different (p<0.05) of the complex particle size 
between PLL, OP-1, and OP2 (Figure 5A). As the charge 
ratio of the oligopeptide to DNA increases, the zeta 
potential (ζ) value also increases. Theoretically, as the 
charge ratio increases, the positive value will continue to 
rise. We discovered that when the oligopeptide/DNA 
charge ratio was 3.0, the zeta potential value was nearly 
negative and there was not statistically different amongst 
the transfection agent of OP-1, OP-2 and PLL (Figure 5B). 
Interestingly, the particle size of the PLL or OP-1/DNA at 
charge ratio of 1.5 that were incubated for up to 480 hours 
(20 days), remained nearly unchanged, suggesting that 
there was no evidence of PLL/DNA or OP-1/DNA 
aggregation (Figure 5C). Compared to the complexes of 
PLL/DNA and OP-1/DNA, OP-2/DNA behaved 
differently as the particle size dropped from ~150 nm to 
~100 nm as it was incubated up to 20-days (480 hours).  
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Figure 5. Particle size (nm), zeta potential value, and oligopeptide/DNA complex stability in HGB pH 7.4: (A) particle size of transfection 
agent/DNA at charge (N/P) ratios of 1.0-10.0, (B) zeta potential values of transfection agent/DNA at charge ratios of 1.0-10.0, and (C) 
particle size stability of the transfection agent/DNA up to 480 hours after the complex formation at a charge ratio of 1.5. Data are triplicates, 
expressed as mean + SD and subjected to Wilcoxon signed-rank test analysis. 

Transmission electron microscopy (TEM) image 
analysis was used to further characterise the particle size 
and morphology of the oligopeptide/DNA complexes 

(Figure 6). The complexes of OP-1/DNA and OP-2/DNA 
at charge ratio 4.0 resulted in compacted particles with 
diameters of 100-150 nm (Figures 6D-6E). 
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Figure 6. TEM images of the oligopeptide-based transfection agent and the oligopeptide/DNA complexes in HGB pH 7.4 at a charge ratio 
4.0.  (A) OP-1, (B) OP-2, (C) PLL, (D) OP-1/DNA, (E) OP-2/DNA, and (F) PLL/DNA. PLL was used as the control.  

The individual nanoparticle was clearly observed, and 
no aggregation was detected as the oligopeptide was 
diluted in HGB pH 7.4 or complexed with DNA 
molecules. Based on TEM analysis, the oligopeptide/DNA 
complex particle size was comparable to PLL/DNA (100-
150 nm).   

3.3. Biological activity evaluation  

Following a 24-hour growth period, the MTT assay 
was used to assess the viability of the oligopeptide/DNA 
complexes on BHK-21 cells at charge ratios of 1, 2, 4, 8. 
16, and 32. These charge ratio values are equivalent with 

sample concentration of 10, 20, 40, 80, 160, and 320 
µg/mL or ppm. The findings showed that the charge ratio 
of the oligopeptide/DNA has a significant impact on the 
BHK-21 cell viability (Figure 7). The oligopeptides are 
less toxic compared to BHK-21 cells compared to PLL 
based on the Wilcoxon signed-rank test analysis (p<0.01).  
Furthermore, it was evident that when BHK-21 cells were 
treated with PLL at charge (N/P) ratios > 8.0 or above 80 
ppm, over 40% of the cells were inhibited; in contrast, 
only around 20% of the cells were inhibited by OP-1 and 
OP-2 at the same concentration.  
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Figure 7. Cytotoxicity assay of the OP-1, OP-2, and PLL at charge ratio 1.0-32.0 in HGB pH 7.4 on BHK-21 cells. PLL was used as the 
control. Data are displayed as mean + SD (n=3) and subjected to Wilcoxon signed-rank test analysis.
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The oligopeptides were further evaluated to transfect 
BHK-21 cells (Figure 8). The GFP-expressing cells were 
detected at the oligopeptide/DNA charge ratios of 2.0, 4.0, 
and 6.0. However, when the charge ratio increased further 
beyond 6.0, the GFP-expressing cells were hardly 
detectable. Although the GFP-expressing cells mediated 
by the oligopeptides are relatively higher than those 
mediated by PLL, the transfection enhancement was not 
significantly improved. It might be due to the presence of 

13 or 15 positively charged amino acids (OP-1 or OP-2) 
which provide very strong ionic interaction between the 
oligopeptides and the DNA molecules. As the charge ratio 
of the oligopeptide and DNA increases, the complexes of 
oligopeptide/DNA are more compacted than those of low 
charge ratio. This compacted oligopeptide/DNA complex 
limited the release of the DNA molecule from the complex 
to be further transcribed into functional mRNA and, as a 
result, decreased the number of GFP-expressing cells.

 

 
Figure 8. GFP expression of 24-hours post transfection in BHK-
21 cells with plasmid DNA encoding GFP gene condensed with 
OP-1, OP-2, and PLL at charge ratios of 2.0, 4.0, and 6.0. PLL 
was used as the control. 

4. Discussion 

We have successfully demonstrated that the 
oligopeptides of GRKKRRQRRR-PKKKRKV (OP-1) and 
CKKKHH-YGRKKRRQRRR-PKKKRKV (OP-2) with 
molecular sizes of ~ 2260 Da and ~3057 Da, respectively 
(Figures 1 and 2). This means, the molecular weight of the 
OP-1 can be calculated as follows: = (566.2 x 4)-4 = 
2260.8 Da, or (754.6 x 3)-3=2260.8 Da, or (1131.2 x 2)-2 
= 2260, 4 Da. Similarly, based on LC-MS data, the 
molecular weight of the OP-2 was calculated as follows: = 
(612.6 x 5)-5 = 3058 Da, or (765.4 x 4)-4=3057.6 Da, or 
(1020.1 x 3)-3 = 3057.3 Da. Both oligopeptides were 
capable of condensing and protecting DNA molecules 
efficiently (Figures 3) and forming nanoparticle sizes of 
100-220 nm as revealed by TEM image analysis (Figure 
6). Moreover, by visualizing the DNase-treated samples 
from agarose gel electrophoresis, we have demonstrated 
that our oligopeptides were able to protect DNA molecules 
from enzymatic degradation (Figure 4). Instead of 
visualizing DNA bands on agarose gel, He et al. quantified 
the effectiveness of the DNA protection by measuring the 
optical density (OD260) after incubating the samples in the 
DNase solution (He et al., 2013). Meanwhile, Fihurka and 
co-workers have employed the EtBr exclusion assay to 
determine the undigested DNA of the samples after 
incubation with DNase solution (Fihurka, Sanchez-Ramos, 
& Sava, 2018). They found that as the transfection agent 

condensed DNA molecules efficiently to form compacted 
nanoparticles, the release of DNA from transfection agents 
was very slow. This implies that a very strong interaction 
between the transfection agent and the DNA molecules 
might result in unfavorable conditions.  

The physicochemical characteristics of the 
oligopeptides in condensing, binding, and protecting DNA 
molecules as well as the particle size were comparable to 
PLL. Interestingly, we found that our oligopeptides that 
compose of CKKHH, TAT, and NLS (OP-2) are capable 
of condensing DNA molecules more effectively than the 
conjugated TAT-NLS compound only (OP-1) as more 
compacted particle size was achieved (Figure 5A). 
Previously, it was reported that the conjugate TAT-NLS 
condensed DNA molecules at N/P ratios of 5.0 (Yi et al., 
2012) or mass ratio 2.0-3.0 (Li et al., 2018). In our 
research, the DNA molecules were condensed effectively 
even at a very low mass ratio of 0.4 (Figure 4). The 
presence of 13 or 15 positive charges from lysine and 
arginine in the OP-1 or OP-2 provides very strong ionic 
interaction between the oligopeptides and the negative 
charges of the DNA molecules. This interaction creates 
compact nanoparticles of the oligopeptides composed of 
TAT and NLS sequences as revealed by particle size and 
TEM analysis of the oligopeptide/DNA complex. Both 
oligopeptides are effective at condensing DNA into 
nanoparticle sizes of approximately 200 nm. OP-2 has 
more capability to condense DNA molecular effectively as 
shown in Figure 3 and Figure 5, where DNA condensation 
and DNA complex formation facilitated by OP-2 was 
tighter and smaller compared to OP-1. These 
physicochemical characteristics of OP-2 might come from 
longer amino acid sequence (23 > 17 amino acids), higher 
positively charge (15 > 13 charges), and inclusion of 
cysteine residue (-C-). Longer amino acid sequence and 
higher positively charges of the oligopeptide enhance ionic 
interaction between positively charged oligopeptide and 
the negatively charged DNA molecules. Meanwhile, 
cysteine has been reported capable of promoting 
complexation by the formation of disulfide bonds (Dauty 
et al., 2001; Tarwadi, 2018) that might enhance the 
compactness of the oligopeptide/DNA particles.   

Homogenous particle and complex stability of the 
oligopeptide/DNA are beneficial for the transgene 
expression since they are influence cellular uptake and 
cytoplasmic delivery (Sang et al., 2015). However, for 
transgene expression to occur, DNA molecules are 
expected to be released safely from the carrier prior to 
gene transcription. Therefore, it should be kept in mind 
that the interaction between the gene of interests and the 
carriers must be flexible enough, protected from enzymatic 
degradation, and capable of penetrating nucleus membrane 
before resulting transgene expression. Two (2) histidine 
residues in the CKKHH sequence of OP-2 were expected 
to enhance transgene expression as the histidine capable of 



 © 2025  Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 2 332 

facilitating endosomal escape. Our Findings in transfection 
study on BHK-21 cells have showed that there was only a 
minor transfection enhancement as the number of GFP-
expressing cells slightly increased as cells were treated 
with OP-2 compared to the control PLL (Figure 8). It is 
interesting to note that although both oligopeptides are 
capable of condensing and protecting DNA molecules 
from enzymatic degradation during cellular transport 
(Figure 4), the transgene expression facilitated by the 
oligopeptides was still moderate. We speculate this 
phenomenon might be due to very tight ionic interaction 
between the oligopeptides and DNA molecules that made 
it difficult for RNA Polymerase to initiate transcription 
process and hampered gene expression. Nevertheless, our 
oligopeptides are relatively non-toxic as the viability of 
BHK-21 cells was ~ 80% compared to control, although 
cells were treated with oligopeptides at a charge ratio of 
12.0 that gives a chance to interfere and damage the cell 
membranes. To achieve safe and efficient non-viral gene 
delivery vehicles, these transfection agents composing of 
CKKHH, TAT, and NLS could be further explored by 
formulating the oligopeptides with lipids or other 
components. 

5. Conclusion 

We have successfully demonstrated that inclusion of 
CKKHH functionalized positively charged amino acid of 
lysine and arginine in TAT and NLS sequence is capable 
of condensing and compacting DNA molecules to form 
nanoparticle sizes (100-220 nm) as revealed by DNA 
condensation, DNA shift mobility, particle size and TEM 
image analysis. Based on MTT assays, both oligopeptide 
sequences of GRKKRRQRRR-PKKKRKV (OP-1) and 
CKKKHH-YGRKKRRQRRR-PKKKRKV (OP-2) with 
molecular sizes of ~ 2260 Da and ~3057 Da, respectively, 
have low cytotoxicity in BHK-21 cells. However, a very 
strong ionic interaction between DNA molecules and the 
oligopeptide hampered DNA molecules released from the 
complexes and in turn limited the transgene expression. 
Therefore, further exploration to optimize the oligopeptide 
sequence or modulate the ionic interaction of the positively 
charged amino acids and the negatively charged DNA 
molecules is needed by formulating the oligopeptide with 
lipids or other compounds to increase transfection agent 
efficiency.  
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Abstract 

 
The utility of potential low-copy genes as molecular markers is becoming more practical for phylogenetic study because they 
often outperform the multi-copy genes. The application of a low-copy gene, FLORICAULA second intron (FLint2), that 
contributes to early flowering as a phylogenetic marker in bananas (Musaceae), has never been reported. Yet, inflorescence 
remains a dominant distinguishing characteristic in bananas and its closely related species. Hence, this study aimed to 
determine the potential phylogenetic utility of FLint2 compared with Internal Transcribed Spacer (ITS) as a multicopy gene 
in bananas and closely related species. Results showed that FLint2 was easily amplified under optimized PCR conditions. 
The FLint2 amplicons were found to be medium length (450-500 bp) in bananas and significantly differ from its closely 
related species of Heliconiaceae and Strelitziaceae (1200-1300 bp). The sequences were GC-rich and highly variable at 
89.11%. Individual maximum-likelihood phylogenetic trees of both markers were mostly congruent. The FLint2 provides an 
alternative internal topology within bananas and is better at separating the cultivar genome groups, although weak in 
bootstrap support. The combined sequences improved the tree topology and strong-supported clades. In conclusion, FLint2 
was proven to have high potential phylogenetic utility to intraspecific and genomic levels in bananas and it is also suggested 
to be suitable for use in closely related species within the Zingiberales order. 

Keywords: FLORICAULA, LEAFY, phylogeny, polymorphism, Musaceae, Zingiberales  
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1. Introduction 

The tropical fruit of bananas (Musaceae) is a globally 
important cash crop and nutritious food source. More than 
1,000 cultivated varieties (cultivars) were recorded, mainly 
produced and consumed for local home consumption, and 
a few of them contributed to international trade (Pareek, 
2016). Most of today's cultivated bananas presumably 
come from diploid wild species of Musa acuminata 
(genome A) and Musa balbisiana (genome B). 
Hybridizations that occur among and within those species 
were generated progenies with various levels of ploidy and 
genome groups such as AA, AB, BB (diploids); AAA, 
AAB, ABB (triploids); and AAAA, AAAB, AABB 
(tetraploids) (De Jesus et al., 2013). Furthermore, sterility, 
parthenocarpy, and human selection have complicated the 
domestication of bananas (De Langhe et al., 2009). Hence, 
evolutionary study through phylogenetic analysis of Musa 
genetic resources is significant as the basis information for 
further banana breeding programs. 

In plants, molecular markers are mainly derived from 
nuclear and plastid genomes. The nuclear ribosomal 
Internal Transcribed Spacer (ITS) is a multi-copy gene 

that has been popularly used as a molecular marker in land 
plants with high resolving power and more informative 
results than plastid markers such as trnL, matK, rbcL, 
atpB-rbcL, rps16, rpoC, and others (Ranibala et al., 2018; 
Ha et al., 2022; Amer let al., 2022; Salih, 2023). The ITS 
has high phylogenetic utility as an intron (non-coding 
region) because evolution may occur more neutrally. 
However, multiple divergent ITS sequence types and 
paralogues were detected due to the complex and several 
phylogenetic scenarios of rRNA loci in hybrids, 
particularly in allopolyploid bananas. It promotes bad 
signaling and has a negative effect on phylogenetic 
inference. Therefore, plasmid cloning is necessary before 
sequencing (Hřibová et al., 2011; Hapsari et al., 2018).  

The utility of potential low-copy genes as molecular 
markers is becoming more practical for phylogenetic study 
because they often outperform the multi-copy genes. The 
FLORICAULA, or LEAFY, is one of the low-copy nuclear 
genes, comprising three exons and two introns. It is one of 
the main regulatory genes that contributed to controlling 
the change from vegetative to generative phase, initiating 
and developing flowers (Yang et al., 2017). Particularly, 
the second intron of the FLORICAULA gene (FLint2) is 
considered a recommended marker for phylogenetic 
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studies at lower taxonomic levels of flowering plants 
(Angiosperms) (Grob et al., 2004). Several studies have 
utilized FLint2 for phylogenetic analyses of various plant 
species, including Amorphophallus (Nikmah et al., 2016), 
orchids (Schlüter et al., 2007), papaya (Yu et al., 2005), 
Brassica (Pankin et al., 2008), Citrus (Yingzhi et al., 
2007), and Cinnamomum (Huang et al., 2016).  

Until today, the phylogenetic study using FLint2 in 
bananas has not been investigated. Meanwhile, 
inflorescence remains a dominant distinguishing 
characteristic in bananas (Jaitrong and Manthey, 2018; Inta 
et al., 2023) and its closely related species such as the bird 
of paradise plants (Iles et al., 2017; Kholqiyah et al., 2024) 
and gingers (Kress et al., 2002; Záveská et al., 2016), 
Canna (Sultana et al., 2019), and others. This makes 
FLint2 allegedly suitable for phylogenetic studies. Both 
FLint2 and ITS are introns (untranslated gene regions of 
genomic DNA that are spliced out in the formation of 
mature RNA molecules) and present in the nuclear genome 
(Creer et al., 2007); thus, a phylogenetic study for the 
combination sequences is possible. Hence, the purpose of 
this study was to provide a new opportunity for the 

potential utility of a low-copy FLint2 gene in comparison 
with a multi-copy ITS gene as a molecular marker to study 
the phylogenetic study at the lower taxonomic level of 
bananas. The finding of this study may become the basis 
reference of molecular evidence to support further 
breeding programs and proposing a genetic conservation 
strategy in bananas, and possibly in its closely related 
species within the Zingiberales order. 

2. Materials and Methods 

2.1.  Plant Materials 

Nine living plant accessions of bananas (Musa spp., 
Musaceae) from East Java, Indonesia, were used as the 
study material's ingroup. It comprised five cultivars 
representing four genome groups and four wild species 
representing their two putative ancestral parents. Two 
closely related species from the order of Zingiberales, 
namely Heliconiaceae and Strelitziaceae, were used as the 
outgroup (Table 1, Figure 1).  

Table 1.  Plant study material of bananas and closely related species 

Code Species name Local name Genome group Family 

M1 Musa balbisiana Pisang Klutuk Ijo BBw Musaceae 

M2 Musa balbisiana Pisang Klutuk Wulung BBw Musaceae 

M3 Musa acuminata var. rutilifes Pisang Cici AAw Musaceae 

M4 Musa acuminata var. alasensis Pisang Monyet AAw Musaceae 

M5 Musa acuminata Pisang Gading AAcv Musaceae 

M6 Musa acuminata Pisang Nangka AAA/AAB Musaceae 

M7 Musa x paradisiaca Pisang Ongkap AAB Musaceae 

M8 Musa x paradisiaca Pisang Saba Landa ABB Musaceae 

M9 Musa x paradisiaca Pisang Ebung ABB Musaceae 

H1 Heliconia wagneriana Pisang Hias - Heliconiaceae 

S1 Ravenala madagascariensis Pisang Kipas - Strelitziaceae  

 
Figure 1. Inflorescence morphology of bananas and closely related species. 

2.2.  DNA Isolation, PCR and sequencing 

Whole genome DNA was isolated from fresh young 
leaves using an isolation kit (Promega), following the 
manufacturer’s protocol for plants. PCR was performed 
using a thermocycler (Bio-rad) with primer pair, i.e., 

FLint2F1 5’-CTTCCACCTCTACGACCAGTG-3’ and 
FLint2R1 5’-TCTTGGGCTTGTTGATGTAGC-3’ (Grob 
et al., 2014). PCR reactions comprised 30 cycles with an 
initial denaturation at 94°C for 4 minutes, followed by 
denaturation at 94°C for 30 seconds, annealing at 62°C for 
30 seconds, extension at 72°C for 30 seconds and final 
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extension at 72°C for 7 minutes (Nikmah et al., 2016). The 
amplifications were evaluated by electrophoresis 1.5% 
agarose gel. The PCR products were directly sequenced 
with ABI Sequencer (Applied Biosystems) at 1stBASE 
Lab. Sdn Bhd (Malaysia). The FLint2 sequences from this 
study have been deposited for open access to the NCBI 
GenBank with accession numbers OL690520 to 
OL690530 (Table 1). 

2.3.  Data analysis molecular polymorphism and 
phylogenetic tree reconstruction 

Raw sequences were evaluated using Seqscanner v.10. 
Polymorphism and phylogenetic analyses were carried out 
on separate FLint2, and ITS, and combined sequences. The 
ITS sequences of the same samples from previous studies 
(Hapsari et al., 2018) were retrieved from the NCBI 
GenBank for further comparison phylogenetic study 
(Table 2). Multiple sequence alignments were conducted 
in ClustalW (Thompson et al., 1994). DNA 
polymorphisms were analyzed with DnaSP 6.12.03 
(Librado and Rozas, 2009). Phylogenetic tree 
reconstructions were performed in MEGA X by Kimura 2 
model maximum likelihood, and 1000 bootstraps (Kumar 
et al., 2018). Bootstrap supports were categorized as 
strong (>85%), moderate (70-85%), weak (50-69%), and 

very weak (<50%) (Kress et al., 2002). Visual 
comparisons of tree topologies were performed to 
determine the congruence of phylogenetic signal and 
combinability of FLint2 and ITS datasets. 

3. Results  

3.1. FLint2 amplicons 

The Flint2 amplification successfully yielded a single 
band at an annealing time of 62 °C. The FLint2 amplicon 
length in bananas was approximately 450-500 bp, which is 
significantly different from the outgroup Heliconiaceae 
and Strelitziaceae (1200-1300 bp) (Figure 2). Furthermore, 
direct sequencing on FLint2 amplicons of 9 banana 
samples yielded raw nucleotides with a length of 520-534 
bp, as for H. wagneriana at 1,300 bp and R. 
madagascariensis at 1,291 bp. In comparison, ITS 
amplicons in bananas were longer, around 643-651 bp, yet 
shorter in H. wagneriana and R. madagascariensis, i.e., 
569 bp and 602 bp, respectively. Meanwhile, the GC 
content of Flint2 sequences in bananas was high, 56.40-
60.30%, but lower in H. wagneriana (44.10%) and R. 
madagascariensis (43.20%). Nonetheless, the GC content 
of ITS was higher than FLint2 (Table 2).  

 

 
Figure 2. Electrophoregram FLint2 amplicons of bananas and closely related species. 

Table 2. Statistic sequences of FLint2 and ITS in bananas and closely related species 

Code Operational Taxonomic Unit 
NCBI acc. number Seq. length (bp) GC (%) 
FLint2 ITS Flint2 ITS Flint2 ITS 

M1 M. balbisiana Klutuk Ijo OL690520 KT696444 532 650 58.9 63.7 
M2 M. balbisiana Klutuk Wulung OL690521 KT696445 524 651 58.4 63.6 
M3 M. acuminata var. rutilifes OL690522 KT696459 533 648 59.5 62.9 
M4 M. acuminata var. alasensis OL690523 KT696462 525 647 58.7 60.7 
M5 Pisang Gading (AAcv) OL690524 KT696473 534 650 59.3 62.0 
M6 Pisang Nangka (AAA/AAB) OL690525 KT696477 526 648 56.4 62.7 
M7 Pisang Ongkap (AAB) OL690526 KT696457 532 650 60.3 62.9 
M8 Pisang Saba Landa (ABB) OL690527 KT696449 520 643 59.5 63.6 
M9 Pisang Ebung (ABB) OL690528 KT696452 520 649 57.7 63.1 
H1 Pisang Hias OL690529 KY215128 1300 569 44.1 70.3 
S1 Pisang Kipas OL690530 FJ428107 1291 602 43.2 73.2 

3.2. DNA polymorphisms of FLint2 compared to ITS 
The comparison of DNA polymorphism analyses of 

FLint2 compared to ITS and the combined sequences of 
both regions in bananas and closely related species are 
presented in Table 3. The results showed that FLint2 was 

highly polymorphic at 89.11%, with a total number of 
mutations reaching up to 906 events. Further, the mutation 
events consisted of 44 singleton variables (19 variants, 18 
three variants, 7 four variants) and 414 informative 
parsimonies (105 two variants, 202 three variants, and 107 
four variants). The FLint2 and ITS regions were high in 
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GC content, with FLint2 having 57.20% GC and ITS 
having 65.10% GC. The ITS region was much more 
conserved (polymorphic 36.90%, monomorphic 63.10%) 

than FLint2. Meanwhile, the combined sequences yielded 
moderate variations (40.33%) yet relatively conserved 
(59.67%) ones. 

Table 3. Comparison of polymorphisms data of FLint2, ITS and combined sequences in bananas 

Polymorphisms FLint2 ITS Combined sequences 

Number of all aligned sites 1308 1179 2496 

Number of sites with alignment gaps 794 599 1400 

Number of sites in the final dataset 514 580 1096 

Number of polymorphic sites 458 (89.11%) 214 (36.90%) 442 (40.33%) 

Number of monomorphic sites 56 (10.89%) 366 (63.10%) 654 (59.67%) 

G+C content 57.20% 65.10% 61.30% 

Total number of mutations (Eta) 906 251 506 

Number of parsimony informative sites 414 113 311 

Number of singleton sites 44 101 131 

Haplotype (gene) diversity (Hd±SD) 1.000± 0.039 0.982±0.046 0.982±0.046 

Nucleotide diversity (π±SD) 0.480±0.076 0.113±0.029 0.131±0.039 

Genetic similarities (%) 38.16-99.82 64.45-100 57.21-100 

Number of haplotypes 11 10 10 

Number of haplogroups 0 1 (M1+M2) 1 (M1+M2) 

Number of clades in all taxa 3 3 3 

Number of subclades in Musaceae 4 4 5 

Number of clades and subclades in Musaceae with ≥70% 
BS 

2 5 6 

Remarks: G=Guanine, C=Cytosine, BS=Bootstrap Support, SD=Standard Deviation, BS=Bootstrap 

Due to the high DNA polymorphisms of FLint2, 
haplotype analysis resulted in haplotype gene diversity at 
maximum level (1.000±0.039) with high nucleotide 
diversity (0.480±0.076). Further, it was separated into 11 
haplotypes with none of the haplogroups. The bananas and 
closely related species examined had a high genetic 
variation of FLint2, with similarities ranging from 38.16% 
to 99.82% (Table 3). Meanwhile, the ITS and the 
combined sequences resulted in lower haplotype and 
nucleotide diversity but were still categorized as high 
(Hd>0.5; π>0.5%). They resulted in 10 haplotypes with 
one haplogroup, i.e. Pisang Klutuk Wulung and Pisang 
Klutuk Ijo (M. balbisiana), with 100% genetic similarity 
(Table 2).  

3.3. Phylogenetic trees of FLint2, ITS and combined 
sequences 

Individual phylogenetic reconstruction in bananas 
using FLint2 and ITS resulted in phylogenetic trees, which 
are primarily congruent. It comprised two main clades in 
which the Heliconiaceae and Strelitziaceae were separated 
from Musaceae and served as an outgroup with a strong 
bootstrap support. Specific to the Musaceae only 

(ingroup), the phylogenetic tree of Flint2 was clustered 
into three clades. The FLint2 tree demonstrated an 
alternative internal topology among and within the genome 
group of bananas but supported by weak to moderate 
bootstraps. Banana cultivars with two or more A genomes 
(AAw, AAcv, AAA, and AAB) were clustered in clade 1. 
Two wild bananas, M. balbisiana (BBw), were separated 
in clade 2, and banana cultivars with ABB genome were 
separated in clade 3 (Figure 3).  

Meanwhile, the ITS phylogenetic tree resulted in only 
two clades. The first clade is similar to Flint2 and was 
comprised of banana genome groups AAw, AAcv, AAA, 
and AAB. The second clade consists of wild M. balbisiana 
and ABB as sisters supported by strong bootstraps (Figure 
4). Likewise, the combined analysis of FLint2 and ITS 
shows an improvement in tree topology and increases the 
number of clades with solid bootstrap compared to 
individual analysis. The tree topology of combined 
sequences was much more congruent with ITS than FLint2 
(Table 3, Figure 5).  
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Figure 3. Maximum likelihood phylogenetic tree of FLint2 

 
Figure 4. Maximum likelihood phylogenetic tree of ITS 

 
Figure 5. Maximum likelihood phylogenetic tree of combined FLint2 and ITS

4. Discussion 

The FLint2 primers were found to be easily amplified 
to the whole genome DNA of bananas and closely related 
species under optimized PCR conditions. The 
amplifications successfully yielded single bands (Figure 
2), thus allowing direct sequencing. In this current study, 
the FLint2 primers in bananas need high annealing 
temperatures to produce single bands at 62 °C; meanwhile, 
ITS needs a low annealing temperature at 53 ºC (Hapsari et 
al., 2018). The FLint2 primers were known to be strongly 
temperature-dependent (Nikmah et al., 2016). At lower 
annealing temperatures, the templates resulted in multiple 
bands, possibly due to nonspecific priming (Ruiz-Villalba 
et al., 2017).  

Interestingly, the FLint2 amplicon length in bananas 
significantly differs compared to Heliconiaceae and 
Strelitziaceae. The amplicon’s length gaps were about 600-
700 bp. Heliconiaceae was found to have the same 
amplicon size as Strelitziaceae (Figure 2). These results 
are supported by a previous report by Pankin et al. (2008), 
which stated that FLint2 was considered highly varied in 
size, even between genera under the same family. In 
comparison, ITS amplicons in bananas were longer than 
Flint2 in wild species and cultivars yet shorter in H. 
wagneriana and R. madagascariensis (Table 2). In 
general, there is no significant difference in the length of 
the ITS amplicon in Angiospermae, which is around 600-
700 bp (CBOL, 2009; Hřibová et al., 2011). 

Furthermore, the FLint2 sequences in bananas from this 
study were considered medium in size and sufficient for 
phylogenetic analysis. BLAST NCBI analysis has 
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confirmed the generated sequences homologous to partial 
cds Floricaula/Leafy of some species from the 
Zingiberales order, such as Curcuma spp. with a similarity 
of 91.84%-97.62%, Globba sp. with a similarity of 
93.33%-95.84% and Zingiber spp. with similarity of 
91.11%-93.33% (Záveská et al., 2016). 

Both FLint2 and ITS regions are introns with high GC 
content. A higher GC content level indicates a higher 
mutation and recombination events become mutation 
hotspots (Amit et al., 2012; Kiktev et al., 2018). 
Interestingly, comparative DNA polymorphism analysis 
showed that FLint2 has higher polymorphism and 
mutation occurrence than ITS and thus will provide better 
phylogenetic information (Kress et al., 2002). 
Furthermore, haplotype analysis of FLint2 also resulted in 
higher haplotype gene diversity than ITS. A haplotype is a 
specific allele or a cluster of DNA sequences of closely 
linked genes on a chromosome passed down from a 
common ancestral (Garg et al., 2021). 

This study found that FLint2 sequences in bananas and 
closely related species were highly variable and 
informative; therefore, they were powerful in 
differentiation at lower taxonomic levels. This finding is 
also supported by the fact that the Zingiberales order is 
classified as a group of highly diverse species, varieties, 
hybrids, and cultivars, which are distinguished mainly 
based on morphology, including the flowering organ, 
which is important for taxonomic differentiation (Kress et 
al., 2002; Iles et al., 2017).  

Particularly in bananas, about 13 out of 15 
distinguishing morphological characters among genome 
groups are dominated by inflorescence characteristics, 
including peduncle texture, pedicel length, ovules 
arrangement, bract curling behavior, bract shape and color, 
and male flower shape and color (Jaitrong and Manthey, 
2018; Gusmiati et al., 2018; Inta et al., 2023) (Figure 1). 
Therefore, polymorphisms in Flint2 sequences that 
contributed to early flowering allegedly may affect the 
inflorescence phenotype characteristics of the individual. 
Polymorphisms commonly occur in nature and are often 
associated with biodiversity, genetic variation, and 
adaptation processes (Chung et al., 2023). 

Maximum likelihood is an accurate method commonly 
used for phylogenetic analysis. This method searches for 
the best tree topology with the highest probability or 
likelihood of character state changes from a precise 
evolutionary model (Lin et al., 2013). The phylogenetic 
trees of individual and combined sequences resulted in 
phylogenetic trees which are mostly congruent. It 
comprised two main clades in which the Heliconiaceae and 
Strelitziaceae were separated from Musaceae and served as 
an outgroup with a strong bootstrap support. An outgroup 
clade provides a time arrow for the historical sequence 
polarization of all subsequent evolutionary events (Graham 
et al., 2002). Hence, this study supports that Heliconiaceae 
and Strelitziaceae were primitive relatives of bananas. 

Specific to the Musaceae only (ingroup), the 
phylogenetic tree of Flint2 was clustered into three clades; 
meanwhile, in ITS and combined sequences, it was 
separated into two clades. However, the taxon members of 
the clade were quite similar (Figures 3, 4, 5). Although 
supported by weak to moderate bootstraps, the FLint2 
phylogenetic tree demonstrated an alternative internal 
topology and is better at separating the cultivar genome 

groups. Furthermore, the combined analysis of FLint2 and 
ITS shows an improvement in tree topology and increases 
the number of clades with strong bootstrap compared to 
individual analysis (Table 3, Figure 5). In addition, the 
phylogenetic trees from this study supported the banana 
cultivar domestication theory (De Langhe et al., 2009) that 
diploid AAcv first came from intersubspecific 
hybridization of wild M. acuminata (AAw); then, triploid 
AAA appeared, followed by AAB, and next ABB from 
hybridization of edible AAcv with wild M. balbisiana 
(BBw). However, due to continuous evolution resulting 
from genetic variation and mutations, the AAcv and AAA 
genome groups cannot be separated (Hariyanto et al., 
2021). 

5. Conclusion 

The present study is the first report of the application of 
Flint2 as a phylogenetic marker in bananas (Musaceae). 
The finding of this study indicates that FLint2 has a high 
potential phylogenetic utility at lower taxonomic levels to 
intraspecific and genomic levels in bananas. FLint2 was 
easy to amplify and yielded a single product suitable for 
direct sequencing. It resulted in medium-sized amplicons 
in bananas but larger in their closely related species of 
different genera. The FLint2 sequences were highly 
variable and informative; therefore, they were powerful 
enough to differentiate at lower taxonomic levels. The 
phylogenetic analysis of FLint2 provides an alternative 
internal topology within bananas and is better at separating 
the cultivar genome groups; it also well supports the 
banana domestication theory. Further research suggests 
that studies at the intra and interspecific levels of the 
closely related species in the Zingiberales order should be 
done using this FLint2 marker by involving more 
taxonomically diverse samples. 
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 Abstract  

This study investigates the taxonomic status of the genus Micromeria in Jordan, focusing on the morphological features 
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1. Introduction 

Jordan, located in the Eastern Mediterranean, with a 
total area of 89,287 km² and acts as a bridge between the 
Mediterranean region and Arabia peninsula. Its climatic 
zones support distinct biogeographical regions, namely the 
Mediterranean, Irano-Turanian, Saharo-Arabian, and the 
Sudanian (sub-Tropical) regions , which collectively host 
13 major vegetation types (Al-Eisawi 1996). This diversity 
has resulted in over 2,500 plant species, belonging to 142 
families and 868 genera (Al-Eisawi, 2013). Despite this 
richness, taxonomic uncertainties persist for several taxa, 
including those in the genus Micromeria 

 The genus Micromeria (Lamiaceae) comprises 
approximately 69 species, native to regions ranging from 
the Mediterranean Basin to southern Africa and parts of 
Asia (Kew, 2021). 

Micromeria species are known for their ecological 
adaptability and medicinal properties, with several species 
traditionally used in herbal medicine. In Jordan, six species 
are recorded: M. danaensis, M. fruticosa, M. graeca, M. 
myrtifolia, M. nervosa, and M. sinaica (Al-Eisawi, 2013). 
Of these, M. danaensis is endemic to Jordan and restricted 
to the Dana Biosphere Reserve, contributing to its 
designation as a Key Biodiversity Area (KBA, 2017). 
Additionally, M. nervosa and M. myrtifolia have shown 
antiproliferative potential against cancer cell lines (Oran et 
al., 2022). 

Historically, the taxonomy of Micromeria has been 
complex. Initially described by Bentham (1834) as part of 
Satureja, the genus was later divided into distinct genera 
based on morphological and ecological traits (Boissier, 

1879; Feinbrun-Dotan, 1978). Earlier works in the Middle 
East region, such as those by (Post and Dinsmore, 1933) 
and (Feinbrun-Dotan, 1978), highlighted inconsistencies in 
species identification and descriptions. 

Morphological features remain a primary tool in plant 
taxonomy despite advancements in molecular and genetic 
methods (Stuessy, 2009; Duminil & Di Michele, 2009). 
These traits are particularly valuable for distinguishing 
closely related species in Micromeria. However, the 
absence of a comprehensive taxonomic key for 
Micromeria in Jordan has hindered efforts to resolve 
ambiguities and assess recently discovered taxa like M. 
danaensis.  
This study provides a systematic study for the genus in 
Jordan and establish an updated taxonomic key that will 
assess the identifying of Micromeria taxa in Jordan based 
on their morphometric features. 

This study provides a systematic revision of the genus 
Micromeria in Jordan. By integrating morphological, 
ecological, and taxonomic analyses, we aim to develop an 
updated taxonomic key to facilitate species identification 
and contribute to the understanding of Micromeria species 
diversity and distribution of Jordan. 

2. Materials and Methods 

A total of 30 Micromeria specimens representing the 
whole plant, including all plant parts, were collected 
during seven field trips conducted from March to May 
2021. The specimens were pressed and dried, and then 
were poisoned chemically using a mixture of 150 g 
mercuric chloride (HgCl) and 350 g ammonium chloride 
(NH4Cl) dissolved in as little water as possible, and 10 L 
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of 96% ethanol. After processing, the specimens were 
identified, labeled, and mounted.  Voucher specimens of 
each species were deposited at the herbarium of the Royal 
Society for the Conservation of Nature (RSCN). 
Additionally, 37 Micromeria specimens deposited at two 

herbaria in Jordan, were consulted and examined in detail: 
the Biological Sciences Department herbarium at the 
University of Jordan (AMM) and the herbarium of the 
Royal Society for the Conservation of Nature (RSCN) 
(Table 1). 

Table 1. Specimen details and collection sites of Micromeria species in Jordan. 

Species No. of field 
specimens 

A voucher 
number 

Date of collection Locality No. of 
herbarium 
specimens 

A voucher 
number 

M. nervosa 11 33856 8. March. 2021 Jarash – Sakeb 14 18 

33857 9. March. 2021 Ajloun – Ajloun Forest reserve 31 
33858 9. March. 2021 Ajloun – Ajloun Forest reserve 67 
33859 1. April. 2021 Irbid – Yarmouk Forest reserve 73 
33860 26. April. 2021 Tafilah – Dana Biosphere reserve 107 
33861 26. April. 2021 Tafilah – Dana Biosphere reserve 125 
      139 
      183 
      232 
      545 
      1973 
      18655 
      35339 
      35881 

M. myrtifolia 9 33862 8. March. 2021 Jarash – Sakeb 9 93 
33863 9. March. 2021 Ajloun – Ajloun Forest reserve 140 
33864 1. April. 2021 Irbid – Yarmouk Forest reserve 5844 
33865 1. April. 2021 Irbid – Yarmouk Forest reserve 6272 
33866 26. April. 2021 Tafilah – Dana Biosphere reserve 7477 
      7748 
      31397 
      32850 
      35617 
      5950 

M. sinaica 4 33867 26. April. 2021 Tafilah – Dana Biosphere reserve 8 7237 
33868 16. May. 2021 Tafilah – Dana Biosphere reserve 7700 
33869 16. May. 2021 Tafilah – Dana Biosphere reserve 11249 
      30337 
      31169 
      31397 
      38136 
      38579 

M. fruticosa 4 33870 24. April. 2021 Irbid- Judayta 4 10133 

33871 24. April. 2021 Irbid- Judayta 
33872 29. April. 2021 Ajloun- Alhashmeh 
33873 29. April. 2021 Ajloun- Alhashmeh 
      

M. danaensis 2 33874 26. April. 2021 Tafilah – Dana Biosphere reserve 2 236 
33875   Tafilah – Dana Biosphere reserve 

M. graceca 0   - - 0 0 

The morphological features studied for all collected 
taxa of Micromeria included plant length; stem 
indumentum and color; leaf type, width, length, shape, 
margin, petiole, apex, marginal vein, and indumentum; 
floral leaf shape, length, and indumentum; inflorescence 
type, number of flowers, peduncle, and pedicel; calyx 
shape, teeth, and indumentum; corolla color and 
indumentum; nutlet shape and surface texture. In each 

sample of the specimens studied, at least 4 readings were 
taken for each morphological character. Characters, such 
as hair type and the presence or absence of glands, were 
studied using a stereomicroscope at different 
magnifications (10x, 20x, and 40x). All measurements 
were taken using a Vernier caliper for accuracy. 
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3. Results 

Five different Micromeria species were identified in 
Jordan. These are M. nervosa (Desf.) Benth., M. fruticosa 
(L.) Druce, M. myrtifolia Boiss. and Hohen, M. sinaica 
Benth. and M. danaensis Danin. Three species were 
distributed within the Mediterranean region; M.  fruticosa, 
M. danaensis, and M. nervosa. The M.  myrtifolia was 
distributed within the Mediterranean and Irano _Turanian 
region. The fifth species, M. sinaica, was distributed 
within the Saharo _Arabian region _Desert plant (Fig. 1). 

 
Figure 1. A Map of the Localities of the studied Micromeria 
specimens (Fresh and Herbarium specimens). 
      The morphological results of similarities and differences were 
summarized for each species in Table 2. The study species were 
described as follows: 

3.1. Micromeria fruticosa   

Description: Chamaephyte, 25_50 cm, divaricately 
branched, yellowish when dry (see Fig. 2- A&B). Stems 
erect, long _ paniculate, covered with densely puperulent 
hairs (see Fig. 3- E), glandular. 

Leaves: Petiolate, entire, or crenate, 0.5 _ 2 cm x 0.5 _ 
1 cm, ovate, obtuse to subacute, with thin margins, 
glandular and covered with short hairs (see Fig. 4- A&B). 
floral leaves lanceolate, shorter than calyx.  

Verticillasters: Lax, many flowered (4_7), long 
pedunculate cymes (2_4 cm), without Pedicle, glandular 
and covered with short hairs (see Fig 5-A).  

Calyx: Cupuliform, pedunculate, glandular, and 
covered with short hairs (tomentose), teeth short and equal 
(see Fig. 6-A).  

Corolla: White, tube exserted, 2_labiate, hairy, lower 
lip somewhat longer than the upper.  

Nutlet: Oblong (spheroidal), hairy and shiny (see Fig. 
7-A).  

Flowering time: February _ June. 
Habitat: Mediterranean region and among rocks 
Distribution: Irbid, Um Qais, Alsholah, Ajloun 

mountains. 

Specimens examined. 
     Irbid, Alal,7 km North of Irbid towards the borders 

with Syria, waste places & uncultivated segments & 
roadsides; 10. May. 1983; D. Al-Eisawi. Irbid, Alsholah; 
15. May. 1987; D. Al-Eisawi. Nablus; September. 1991; 
D. Al-Eisawi. Ajloun, Ishtafena, 25. April.1999; D. Al-
Eisawi. Irbid, Judayta; 13. April. 2021; B. Ayasrah. Irbid, 
Judayta, along the road to Irbid; 24. April. 2021; B. 
Ayasrah. Ajloun, Alhashmeh; 29. April. 2021; B. Ayasrah. 

3.2. M. danaensis 

Description: Chamaephyte, 5_10 cm, many stemmed 
from base (see Fig. 2- I&J). Stems erect, short paniculate, 
covered with densely puberulent hairs (see Fig. 3-D), 
glandular. 

Leaves: Sessile, entire, 0.2 _ 0.4 x 0.1 _ 0.2 cm, oblong 
to lanceolate, acuminate, with thick margins, somewhat 
revolute, glandular, and covered with short hairs (see Fig. 
4- I&J). floral leaves linear, shorter than calyx, as long as 
Pedicle.  

Verticillasters: Lax, few flowered (1_2) (-4), cymes 
short pedunculate (0.2 _ 0.4 cm), flowers pedicellate, half 
as long as calyx, glandular and covered with short hairs 
(see Fig. 5-E).  

Calyx: Tubular, covered with short hairs, glandular, 
teeth erect, short and equal (see Fig. 6-E).  

Corolla: Cream-colored, lilac spotted, tube exserted, 
2_labiate, hairy.  

Nutlet: Ovoid(elliptical), minutely puperulous on the 
upper surface (see Fig. 7-E). 

Flowering time: March_ May. 
Habitat: Mediterranean region; crevices of 

smooth_faced white sandstone outcrops. 
Distribution: Dana Biosphere Reserve. 
Specimens examined: 
       Dana reserve; 5. April. 1997; RSCN. Team. Dana 

reserve, Wadi Araba; 11. April. 1997; RSCN. Team. Dana 
reserve, Wadi Barra, 2Km SE of the visitor center; 14. 
May. 1996; RSCN. Team. Tafila, Dana Biosphere 
Reserve, Al-Barrah, East Southeastern side of the reserve; 
5. April. 2021; B. Ayasrah. Tafila, Dana Biosphere 
Reserve, Khunaq Al-Arz, Middle North of the reserve, 
near Ain Lahtha; 6. April. 2021; B. Ayasrah. 

3.3. M. nervosa 

Description: Chamaephyte, 15_25 (-45) cm, many 
stemmed from base (see Fig. 2- C&D). Stems are mostly 
purplish, simple, or sparingly branched, covered with long 
hooked hairs (see Fig. 3-C), glandular.  

Leaves: Petiolate, entire, 0.6 _ 0.9 x 0.4 _ 0.6 cm, 
ovate, acuminate, with thick margins, somewhat revolute, 
glandular, and covered with long hairs (see Fig. 4- E&F). 
Floral leaves linear, as long as verticillaster.  

Verticillasters: Long hairy, many flowered (7_10), 
pedunculate (1cm), forming spike -like inflorescences, 
glandular, flowers Pedicellate (see Fig. 5-C).  

Calyx: Tubular, longer than pedicle, glandular and 
covered with long hairs as long as or exceeding in length 
of the calyx_ tube, teeth not equal, lower teeth longer than 
upper as long as calyx (see Fig. 6-C).  

Corolla: Purplish_ pink, tube sub-included, 2_labiate, 
hairy.  

Nutlet: Oblong, smooth (see Fig 7-C). 
Flowering time: March_ May. 
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Habitat: Mediterranean region and among rocks 
Distribution: Ajloun mountains, Jarash, Amman, Salt, 

Dana and Petra. 
Specimens examined: 
         Al-Aloak; 14. April. 1983; S. Abdulhadi. Ajloun, 

Qalaet elrabath; 17. May. 1972; D. Al-Eisawi. King Talal 
Dam; 14. April. 1983; R. H. Jayyosi. King Talal Dam, 
along the road to Jarash; 14. April. 1983; N. Al-Najjar. 
Wadi Um Rakham between Mersa Matruh and Agiba; 21. 
March. 1975; T. Hadidi. Salt, Sbahi; 12. April. 1984; S. 
Alkhateeb. Amman, Naour, 200 the main road; 22. April. 
1993; H. Alkhatib & M. Abu- Hammour. Salt- Near Zai 
National Park; 12. April. 1984; W. Jabri. Salt, Sbahi; 22. 
April. 1993; Y. Al- Mograbe. Salt. Rabad Fortress, near 
Ajlun; 23. May. 1974; W. Jallad, L. Boulos & J. Lahham. 
Jarash, Way of Ras Dabboos, 15 km south of Jarash; 16. 
April. 1997; T. Rawashdeh. Jarash, Zarqa eiver, 500 m N. 
of the river, degraded deciduous oak forest; 29. April. 
1999; D. Al-Eisawi & J. Zaidan. 12 Km north Irbid, 3 Km 
north Sal; 26. April. 1975; W. Jallad, L. boulos & J. 
lahham. 15 Km north of Suweilih, along the road of 
Jarash; 29. March. 1984; M. Alhabash. Jarash; 17. April. 
1986; D. Al-Eisawi. Jordan vally, 2-3 Km E. of Abu 
Obaidah, along the road to Khirbit Alwahadneh; 28. 
March. 1996; D. Al-Eisawi, K. Arid & I. Aziz. Amman, 13 
Km west of Amman, along the road from Naur to Ghor, 
near Children Wood; 9. March. 1978; D. Al-Eisawi. Al- 
Salt, Al- wasia; 28. April. 1999; M. Abu- Hammor. Jarash, 
King Talal Dam; 29. March. 1984; L. Boulos & S. Darras. 
Ajloun, Wahadneh, 12 Km at the crossing point with 
Halawa; 28. March. 1996; D. Al-Eisawi. Al- Salt, Subehi; 
22. April. 1993; M. Kamel & S. Abu- Romman. Tafila, 
Dana Biosphere Reserve, Middle of the reserve; 4. April. 
2016; S, Khatatbeh, B, Ayasrah, & M. Zoubi. Jarash, 
Dibeen Forest Reserve, 23. March. 2019; B. Ayasrah. 
Dibeen Forest Reserve, Wadi alsoan; 14. April. 2019; B. 
Ayasrah. Ajloun, Ajloun Forest Reserve, Building of the 
reserve; 8. April. 2018; S, Khatatbeh & B, Ayasrah. Irbid, 
Yarmouk Forest Reserve, Wadi Ain Arkeh; 22. March 
.2017; A. Sabbarenie, S. Khatatbeh, B. Ayasrah & S. 
Malkawy. 

3.4.         M.  myrtifolia 

Description: Chamaephyte, 15_40 cm, many stemmed 
from base (see Fig. 2- E&F). Stems erect or ascending, 
generally simple, covered with short, hooked hairs (see 
Fig. 3-A), glandular.  

Leaves: Sessile, somewhat short petiolate, entire, 1 _ 
1.5 x 0.5 _ 0.8 cm, elliptic, acute to acuminate, with thick 
margins, glandular and covered with short hairs (see Fig. 
4- C&D). Basal leaves ovate, petiolate. Floral leaves 
linear, shorter than verticillaster.                             
Verticillasters: Short hairy, many flowered (4_7), very 
dense, pedunculate (1 cm), sometimes part of the stems 
bearing few flowered sessile, Thyrse (compound 
dichasium arranged as raceme), glandular, flowers 
Pedicellate (see Fig. 5-D).  

Calyx: Tubular, longer than pedicle, glandular and 
covered with short hairs, teeth not equal, upper teeth 
longer than lower (see Fig. 6-D).  

Corolla: Purplish_ pink, densely hairy, tube sub-
included, 2_labiate.  

Nutlet: Ovoid or elliptical, smooth (see Fig. 7-D). 
Flowering time: March_ August. 

Habitat: Mediterranean region and Irano -Turanian 
region. 

Distribution: Irbid, Ajloun, Jarash, Amman, Salt, Dana, 
Petra and shoubak 

Specimens examined: 
Amman, near Naour, Children Forest, along the road to 

Ghor; 8. May. 1981; A. Khlilieh & D. Al-Eisawi. Dibben 
National Park; 31. December.2003; M. Mahklouf & D. Al-
Eisawi. 3-4 Km west Rum Rest House, 18 Km from the 
main road to Aqaba; 23. March. 1975; L. Boulos, W. Jalld, 
J. Lahham, M.A. Abu Hamaidan. Dana Reserve, Wadi 
Finan; 28. April. 1994; D. Al-Eisawi. Dibbin National 
Park; 14. December. 1973; L. Boulos & R. Hauke. Petra; 
15. March. 1974; L. Boulos, D. Al-Eisawi & W. Jallad. 
Wadi Yutum, Upper stream, 15 Km north of Aqaba; 21. 
March. 1975; L. Boulos, W. Jallad, J. Lahham, & 
M.A.Abu Hmaidan. Irbid, Yarmouk Forest Reserve; 18. 
March. 2017; Sabbarenie, S. Khatatbeh, B. Ayasrah & S. 
Malkawy. Jarash, Dibeen Forest Reserve; 13. March. 
2018; B. Ayasrah. Tafila, Dana Biosphere Reserve, East-
South of the reserve, Wadi Dana; 7. May. 2016; S. 
Khatatbeh & B. Ayasrah. Jarash, Sakeb; 1. April. 2021: B. 
Ayasrah. 

3.5. M. sinaica 

Chamaephyte, 10_35 cm, many stemmed from base 
(see Fig. 2- G&H). Stems erect, virgate, simple or sparsely 
branched, covered with short, hooked hairs (see Fig. 3-B), 
glandular.  

Leaves: Sessile, entire, .02_ 0.5 x 0.1_0.4 cm, ovate, 
obtuse, with thick margins, somewhat revolute, glandular, 
and covered with short hairs (see Fig. 4- G&H). Floral 
leaves lanceolate, as long as verticillaster.  

Verticillasters: Lax, short hairy, many flowered (7_10), 
sessile, forming spike _ like inflorescences, glandular, 
flowers pedicellate (see Fig. 5-B).  

Calyx: Tubular, as long as pedicel, glandular and 
covered with short hairs, teeth not equal, upper teeth 
longer than lower (see Fig. 6-B).  

Corolla: Purplish_ pink, short hairy, tube exserted, 
2_labiate.  

Nutlet: Ovoid or elliptical, minutely puberulous on the 
upper surface and have two curves (see Fig. 7-B). 

Flowering time: March_ May. 
Habitat: Saharo _Arabian region _ —arid rocky desert 

habitat.  
Distribution: Dana, Wadi Arabah, Rum and Petra 
Specimens examined: 
Four Km south Rum Rest House, along the road to 

Rum Police Station; 23. March. 1975; L. Boulos, W. Jalld, 
J. Lahham, M.A. Abu Hamaidan. Ishtafena to Deir Abu 
Said; 11. May. 1996; S. Khaleel & V. Slageren. Tafila, 23 
Km S. of Tafila, Khonaq Al- Arz, 1 Km W. of Ain Lahtha; 
1. May. 1997; D. Al-Eisawi. Tafila, S. end of Tafila, along 
the road to Shoubak; 11. April. 1979; D. Al-Eisawi. Wadi 
Dana, Wadi el Jaifeh; 27. April. 1999; RSCN. Team. Wadi 
Dana, Wadi Al Rommanah; 11. May. 1999; RSCN. Team. 
Wadi Dana, Wadi Al Rommanah; 4. May. 1999; RSCN. 
Team. Wadi Dana, Wadi Fatmeh; 26. April. 1994; RSCN. 
Team. Wadi Dana, Wadi Al Barrah; 16. May. 1994; 
RSCN. Team. Tafieleh, Dana Biosphere Reserve, East of 
the reserve, Al Barrah area, wadi Al Qaraya; 17. AUG. 
2016; S. Khatatbeh & B. Ayasrah. Tafila, Dana Biosphere 
Reserve, Wadi Feynan, Southern side of the reserve; 16. 
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May. 2016; S. Khatatbeh & B. Ayasrah. Tafila, Dana 
Biosphere Reserve, East of the reserve, Rumannah camp, 

Daghla area; 26. April. 2016; S. Khatatbeh, M. Zoubi & B. 
Ayasrah. 

Table 2. Morphological characters examined for the five sampled species of Micromeria from Jordan. 

Taxon 

Morphological characters 

M. myrtifolia M. sinaica M. nervosa M. fruticosa M. danaensis 

Height (cm) 15_40 cm 10_35 cm 15_25 cm 25_50 cm 5_10 cm 

Stems   Type of Hairs Short hooked hairs Short hooked hairs  long hooked hairs   puperulent hairs  puperulent hairs  

Indumentums yellow gland yellow gland yellow gland yellow gland yellow gland 

Color Green Green Red_Green Green and yellow when dry Green 

Verticillasters Type Thyrse (compound 
dichasium arranged as 
raceme) 

Spike like Spike like Cymes long pedunculate  

Number of flowers Many flowered (4_7) 
very dense 

many more than 7 
flowered,  

many more than 7 
flowered 

Many flowered (4_7) few flowered (1_2) 
(_4) 

Peduncle Pedunculate (1 cm), 
sometimes part of the 
stems bearing dense 
flowered sessile 

Sessile (0) Pedunculate (1 
cm) 

Pedunculate (2_4 cm) Pedunculate (1 cm) 

Pedicle 

 

short (2mm) 

 

short (2mm) 

 

short 4 mm 

 

0 short (2mm) 

Indumentums Hairs short hairs short hairs Long hair short hairs short hairs 

gland Glandular Glandular Glandular glandular glandular 

Calyx Shape Tubular Tubular Tubular Cupuliform tubular 

Teeth Not equal (upper teeth 
longer than lower) 

Not equal (upper 
teeth longer than 
lower) 

Not equal (lower 
teeth longer than 
upper as long as 
calyx) 

Short and equal Short and equal 

Indumentums glandular and covered 
with short hairs  

glandular and 
covered with short 
hairs  

glandular and 
covered with long 
hairs 

glandular and covered with 
short hairs  

Glandular and 
covered with 
puberulent hairs 

Long longer than pedicle as long as pedicel longer than 
pedicle 

Long  longer than pedicle 

Corolla Type Tube, 2_labiate, 
subincluded 

Tube, 2_labiate, 
exserted 

Tube, 2_labiate, 
subincluded 

Tube, 2_labiate, exserted Tube, 2_labiate, 
exserted 

Color Pink Pink purplish- pink White cream-coloured 

Indumentums Hairy Hairy Hairy Hairy Hairy 

Leaves Shape Elliptic Ovoid Ovate Ovate oblong to lanceolate 

Long 1 cm 0.2 _ 0.5 cm 0.6 _ 0.9 cm 0.5 _ 2 cm 0.2 _ 0.4 cm 

Width 0.5 cm 0.1 _ 0.4 cm 0.4 _ 0.6 cm 0.5 _ 1 cm 0.1 _ 0.2 cm 

Apex acute to acuminate Obtuse Acuminate obtuse to subacute acuminate 

Margin Entire Entire Entire entire sometimes crenate entire 

Petiole Sessile Sessile Petiolate Petiolate sessile 

marginal vein Thick Thick Thick Thin thick 

Indumentums Glandular and Short 
hairs 

Glandular and 
Short hairs 

Glandular and 
long hair 

Glandular and short hair Glandular and short 
hair 

Nutlet Shape ovoid(elliptical) Ovoid (elliptical) Oblong Oblong (spheroidal) Ovoid (elliptical) 

Surface Texture Smooth minutely 
puberulous on the 
upper surface and 
have tow curves 

Smooth hairy and shiny minutely puberulous 
on the upper surface 
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Figure 2: Wild accessions of Micromeria species in their natural habitats in Jordan. A&B. M. fruticosa, C&D. M. nervosa, E&F. M. 
myrtifolia, G&H. M. sinaica, and I&J. M. danaensis. 
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Figure 3. Types of the hairs on the stems for the five Micromeria species. A. M. myrtifolia; stem covered with short, hooked hairs (40x); B. 
M. sinaica; stem covered with short, hooked hairs (40x). C, M. nervosa; stem covered with long, hooked hairs (40x); D. M. danainses; stem 
covered with puberulent hairs (40x). E. M. fruticose; stem covered with puberulent hairs (40x). 
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Figure 4. Upper and lower leaves of the five Micromeria species. A. the upper leaves of M. fruticosa (20x), B. the lower leaves of M. 
fruticosa (20x), C. the upper leaves of M. myrtifolia (20x), D. the lower leaves of M. myrtifolia (20x), E. the upper leaves of M. nervosa 
(20x), F. the lower leaves of M. nervosa (20x), G. the upper leaves of M. sinaica (40x), H. the lower leaves of M. sinaica (40x), I. the upper 
leaves of M. danaensis (40x), and J. the lower leaves of M. danaensis (40x). 
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Figure 5. Verticillasters for the five Micromeria species under compound microscope (20x). A. M. fruticosa, B. M. sinaica, C. M. nervosa, 
D. M. myrtifolia, and E. M. danaensis. 
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Figure 6. Calyx for the five Micromeria species under compound microscope (40X). A. M. fruticosa, B. M. sinaica, C. M. nervosa, D. M. 
myrtifolia, and E. M. danaensis. 

 
Figure 7. Nutlets for the five Micromeria species under compound microscope (40X); A. M. fruticosa, B. M. sinaica, C. M. nervosa, D. M. 
myrtifolia, and E. M. danaensis. 
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The sixth species of Micromeria, which is M. graceca 
was not found in any field trip, and no voucher specimen 
of this species was found in the herbarium of the 
Biological Sciences Department, School of Science, at the 
University of Jordan, and in the herbarium of the Royal 
Society for the Conservation of Nature (RSCN). 

A new key for the species of Micromeria in Jordan was 
constructed to illustrate the variations among closely 
related species, as following: 
1. 1. Corolla white to cream- colored; stem covered with 

puberulent hairs………………...2 
2. _ Corolla purplish to pink; stem covered with hooked 

hairs……………………...……...3 
3. 2. Verticillasters many flowered (4_7); cymes long 

pedunculate (2_4 cm). calyx; cupuliform.; leaves; 
ovate, petiolate…………………………M.  fruticosa 

4. _ Verticillasters few flowered (1_2) (-4); cymes short 
pedunculate less than 1 cm; calyx; tubular; leaves; 
oblong to lanceolate, 
sessile…………………………………M. danaensis 

5. 3. Hairs of calyx very long, as long as or exceeding in 
length of the calyx- tube; calyx teeth as long as 
calyx.………………………………………M. nervosa 

6. 3- Hairs of calyx shorter than above; calyx teeth less 
than half as long as calyx tube 

7. 4.      Verticillasters very dense; Pedunculate (1 cm), 
part of the stems bearing dense flowered sessile. Calyx 
longer than pedicle…………………… M.  myrtifolia 
4. Verticillasters sparse; nearly sessile. Calyx as long as 

pedicle.……...…M. sinaica 

4. Discussion 

The genus Micromeria has been extensively studied 
taxonomically, with varying perspectives on its 
classification. Bentham (1829) first described Micromeria 
as a distinct genus, and later (Bentham 1848), he 
considered it a single distinct genus. However, Killick 
(1961) considered Micromeria as part of Satureja 
complex. Some taxonomists have divided this complex 
into several genera, Satureja L., Clinopodium L., 
Calamintha Mill., Acinos Mill. and Micromeria Benth. 
(Bentham 1848, Boissier 1879, Ball, et al. 1972, Davis 
1982, Doroszenko 1986).   While other taxonomists 
consolidated the group to a single genus Clinopodium 
(Kuntze 1891) or Satureja s.l. (Briquet 1896, and Brenan 
1955, Greuter 1986). More recently, taxonomists have 
considered Micromeria as a distinct genus (Doroszenko 
1986, Morales Valverde 1993, ), while Harley et al. (2004) 
suggested four sections (Micromeria, Pineolentia, 
Cymularia, and Pseudomelissa) for Satureja complex.  

This study focused on the morphological features of 
five Micromeria species in Jordan and have provided 
systematic evidence for distinguishing between these 
species. As a result of the morphometric variations 
observed, five species of Micromeria in Jordan are 
identified: M. nervosa (Desf.) Benth., M. fruticosa (L.) 
Druce, M. myrtifolia Boiss. & Hohen, M. sinaica Benth. 
and M. danaensis Danin. Key morphological features, such 
as differences in leaf shape, stem indumentum, floral 
structure, and nutlet texture, were instrumental in 
differentiating these species. 

Boulos (2002) in his book “Flora of Egypt” reported 
and described five species of the genus Micromeria; M. 

serbaliana, M. sinaica, M. imbricata, M. nervosa and M. 
mertifolia. Three of these species; M. sinaica, M. nervosa 
and M. mertifolia were recorded in Jordan.       
Additionally, Chaudhry (2001) reported two species in his 
book Flora of the kingdom of Saudi Arabia: M. abyssinica 
and M. imbericata, and none of them recorded in Jordan. 
Although Al-Eisawi mentioned the presence of M. graceca 
in his 2013 publication (Al-Eisawi, 2013), this species was 
not found in any of the field trips, or herbariums. Referring 
to Al-Eisawi (pers. Comm.), his expectation of the 
presence of this species was based on the records from 
neighboring regions, such as Egypt and Palestine, in 
habitats that are similar to Jordan. However, there is still 
no evidence of the presence of this species in Jordan. 

The findings of this study contribute to the broader 
understanding of Micromeria taxonomy in Jordan and 
neighboring regions. The observed morphological traits 
align with earlier taxonomic classifications in the region 
but also highlight areas requiring further investigation. For 
instance, the absence of M. graceca raises questions about 
its actual range. Future research, incorporating genetic 
analyses and additional sampling in underexplored areas, 
could provide deeper insights into the taxonomic 
relationships and potential undiscovered species within the 
genus. 

5. Conclusion 

This study provides a detailed morphometric character 
of five Micromeria species in Jordan: M. nervosa, M. 
fruticosa, M. myrtifolia, M. sinaica, and M. danaensis. 
Key morphological features, such as leaf shape, stem 
indumentum, floral structure, and nutlet texture, were 
critical in differentiating these species. The study 
confirmed the absence of M. graceca in Jordan, despite its 
prior mention in neighboring regions. The findings 
underscore the importance of morphometric features in 
species identification and contribute to distinguish the 
taxonomic framework for Micromeria in the region. 

The results have significant implications for the 
conservation of Micromeria species in Jordan. By 
providing clear diagnostic features for species 
identification, the study helps in monitoring and 
conserving these species, which are vital to the region's 
biodiversity. Given the potential for undiscovered 
Micromeria species in Jordan, as seen in neighboring areas 
such as M. imbricata in northern Saudi Arabia (Chaudhry, 
2001; Ryding, 2007), M. serbaliana in Sinai (Boulos, 
2002), and Micromeria juliana in Syria (Post & Dinsmore 
1933), all in habitats similar to those found in Jordan. This 
observation opens the way for further research to explore 
and identify more Micromeria species that may potentially 
exist in Jordan. 

Future research should also integrate molecular 
techniques alongside morphometric data to better resolve 
taxonomic ambiguities and phylogenetic relationships 
within the genus. Expanding sampling efforts to include 
other regions in the Mediterranean and Saharo-Arabian 
zones, where Micromeria species may overlap, could 
provide valuable insights into species distribution and 
evolutionary patterns. Additionally, investigating the 
ecological factors influencing species distribution will be 
essential for a comprehensive understanding of the genus 
and its conservation needs. 
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Abstract 

Osteoarthritis (OA) is a prevalent global health issue, with its incidence increasing steadily due to aging populations and 
unhealthy lifestyles. This study explored the potential of Momordica charantia L, a plant known for its potent 
antioxidant, anti-inflammatory, and anti-degenerative properties, as a therapeutic agent for osteoarthritis. An in-silico 
analysis was conducted to investigate the phylogeny, antigenicity, and structural insights of a Disintegrin and 
Metalloproteinase with ThromboSpondin motifs 5 (ADAMTS-5), a key enzyme involved in OA progression and the binding 
potential of Momordica charantia L on ADAMTS-5. Techniques in structural bioinformatics and theoretical 
chemistry were used to discover novel inhibitors of ADAMTS-5 by utilizing molecular docking and molecular mechanics 
generalized Born surface area (MM-GBSA). This novel technique facilitated the discovery of new molecules that hold 
potential as inhibitors of ADAMTS-5, thereby providing an alternative avenue for osteoarthritis treatment. Given the 
pressing need for safe and effective OA treatments, this study offers a promising therapeutic approach and highlights the 
importance of further research.  

Keyword:  Osteoarthritis; Aggrecan; ADAMTS-5; Molecular docking; ADMETox; Disease-modifying Osteoarthritis Drugs (DMOADs) 
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1. Introduction 

Osteoarthritis (OA) is a disabling, progressive, and 
painful joint disease that ranks prominently among global 
public health priorities (Chow & Chin, 2020). It is one of 
the most common diseases that affect millions of people 
globally, with older people above fifty years being the 
most affected (Pegreffi et al., 2023). OA is defined as 
wearing joint cartilage and subchondral bone, causing 
intense pain, stiffness, and reduced motion and flexibility, 
significantly affecting daily functioning and quality of life 
(Grässel et al., 2021). The global rates of OA have been 
rising steadily due to increased lifespans and a higher 
prevalence of risky dieting and non-physical activities 
(Scheuing et al., 2023). Despite negatively impacting 
millions worldwide, OA is a burden due to treatment costs 
and lost productivity (Fang & Zhao, 2021; Liu et al., 
2024). The pathogenesis of OA involves several biological 
processes related to the disease that may occur in parallel 
or sequentially. Since aggrecan is an important cartilage 
structural protein, degraded aggrecan is likely to impact 
the stability of joints. Other alterations in the properties of 
aggrecan are important in understanding OA through the 

accelerated breakdown of the cartilage matrix (Peng et al., 
2021). 

One more enzyme, identified as ADAMTS-5 (A 
disintegrin-like and metalloproteinase with 
thrombospondin motifs-5), participates in the aggrecan 
breakdown within the cartilage. This enzyme is recognized 
as the most potent aggrecanase affecting human cartilage. 
Notably, ADAMTS-5 is primarily linked with the 
deterioration of the N-terminal IGD segment of aggrecan, 
as documented by Santamaria and de Groot in 2020, also 
Kemberi et al in 2023. This cleavage produces aggrecan 
residuals, which are more susceptible to other proteases, 
and this enhances the release of aggrecan and the 
weakening of the extracellular matrix, ultimately 
contributing to the development of OA (Yamamoto et al., 
2021; Li et al., 2022). The breakdown of aggrecan and 
other extracellular matrix (ECM) proteins has a notable 
effect on the chondrocyte signaling cascade and various 
metabolic processes within cartilage. This process alters 
the production of ECM proteins and diminishes the 
creation of anabolic signals typically responsible for 
maintaining healthy cartilage, as evidenced by (Chery et 
al.,2020;  Peng et al., 2021). The degradation of aggrecan 
and other ECM proteins can lead to changes in the 
signaling cascade of chondrocytes and metabolic 
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processes, ultimately affecting the maintenance and repair 
of cartilage. This has implications for cartilage's overall 
health and function, particularly in conditions such as 
osteoarthritis (Peng et al., 2021). These changes also affect 
the mechanical properties of cartilage and weaken them, 
thereby making them more vulnerable to mechanical stress 
and other related factors that contribute to cartilage 
degeneration. It has been shown that aggrecan degradation 
is one of the key factors in the pathogenesis of OA, which 
directly affects joint tissue remodeling and breakdown of 
the extracellular matrix and contributes to increased 
production of inflammatory cytokines in chondrocytes of 
osteoarthritic joints (Liu et al., 2022). 

The approach targeting ADAMTS-5 is a potential 
solution for formulating a new class of DMOADs (Oo et 
al.,2021; Kim et al., 2022; Lin et al., 2023). Currently, no 
approved DMOADs are available in the market, but few 
inhibitors specifically targeting ADAMTS-5 have given 
promising outcomes, reducing aggrecan breakdown and 
delaying OA progression in different animal models 
(Brebion et al., 2021; Latourte & Richette, 2022). Hence, 
the attempt at targeting ADAMTS-5 presents a potential 
way to treat OA; the design of effective ADAMTS-5 
inhibitors appears as a major advancement toward forming 
DMOADs for this painful disease. 

Bitter gourd is a monoecious plant called  'Momordica 
charantia L' and falls under the family Cucurbitaceae, 
which has proven to have enormous nutritive and 
medicinal importance (Waqas Mazhar et al., 2024). 
Previous works have also demonstrated that Momordica 
charantia L possesses strong antioxidant activity, anti-
inflammatory ability, anticancer propensity, and anti-
degenerative effect, suggesting it might be used to cure 
OA (Shal et al., 2018). Experimental research has also 
shown promising results on different models of why the 
compound could slow cartilage degeneration and reduce 
the inflammation seen in OA. 

Momordica charantia contains a diverse array of active 
ingredients, including alkaloids, flavonoids, terpenoids, 
and phenolic compounds, which have been identified as 
potential therapeutic agents (de Oliveira et al., 2018; 
Gayathry & John, 2022). These compounds exhibit anti-
inflammatory and antioxidant properties, suggesting that 
their mechanisms of action involve the modulation of 
signaling pathways related to oxidative stress and 
inflammation. Given the increasing prevalence of OA and 
its substantial economic burden, identifying novel 
therapeutic avenues for safe and effective treatments is 
paramount (Cai et al., 2021). 

This study contributes a novel dimension to the existing 
knowledge of OA biology by providing a comparative 
analysis of ADAMTS-5. Through in-silico analysis, the 
phylogeny, antigenicity, and structural insights of 
ADAMTS-5 were explored, offering valuable insights into 
the molecular characterization of this enzyme. 
Furthermore, the binding potential of Momordica 
charantia L on ADAMTS-5 was investigated using a 
computational approach. This investigation explores the 
potential of natural products, such as Momordica 
charantia L, in inhibiting ADAMTS-5 activity and 
reducing inflammation, offering a valuable avenue for 
treating OA. 

2. Materials and Methods 

2.1. Computational Investigation 

The computational investigation used the Schrödinger 
Suite software (Maestro 12.8) 
(https://www.schrodinger.com). 

2.2. Target Preparation 
The three-dimensional crystal structure of ADAMTS-5 

complexed with the inhibitor GLPG1972 (PDB ID: 6YJM) 
was selected from the RCSB Protein Data Bank. This 
structure has a resolution below 2.3Å, an R-value free of 
0.256, an R-value Work of 0.212, and an R-value observed 
of 0.215 (https://www.rcsb.org). Maestro's Schrödinger 
Suite's Protein Preparation Wizard tool 
(https://www.schrodinger.com) was employed to import 
and prepare the protein structure (Ruswanto et al., 2024). 
The preparation process encompassed several steps: 
assigning bond orders, adding hydrogens, creating zero-
order metal bonds, generating disulfide bonds, removing 
water molecules, and generating het states using Epik at 
pH levels ranging from 7.0 to 9.0. PROPKA pH 7.0 
(https://propka.readthedocs.io) was utilized to refine the 
protein by optimizing hydrogen bond assignments. After 
removing water molecules located further than 3.0 Å from 
het groups, restrained minimization was done using the 
OPLS4 force field to minimize the protein. The 
Ramachandran Plot was generated and saved to validate 
the protein structure. 

2.3. Ligand Preparation 

118 compounds associated with Momordica charantia 
L were gathered from the PubChem database. To predict 
their inhibitory potential, these compounds underwent 
molecular docking with the active site of ADAMTS-5. The 
structures of these compounds, obtained in SDF format, 
were imported into the LigPrep tool in the Maestro 
Schrödinger panel. The OPLS4 force field 
(https://www.schrodinger.com/platform/products/opls4) 
was employed to perform energy minimization, ensuring 
the generation of a maximum of one stereoisomer per 
ligand. 

2.4. Active Site Prediction 

The active site of the ADAMTS-5 protein (PDB ID: 
6YJM) was predicted for ligand binding using the 
Receptor Grid Generation tool. This tool created a three-
dimensional cubic grid box around the binding site, 
encompassing all the amino acid residues in the active site 
region (Ruswanto et al., 2024). The grid was generated by 
selecting the co-crystallized ligand present at the active 
site of ADAMTS-5. The calculated three-dimensional 
coordinates of the generated grid were 77.81 Å, 26.87 Å, 
and -29.61 Å. Predicting the active site of a protein is a 
crucial step in structure-based drug design and virtual 
screening. Grid-based methods are commonly used to 
represent the binding site and efficiently sample the 
conformational space of potential ligands. The grid allows 
for rapid evaluation of different ligand poses and facilitates 
the identification of favorable interactions between the 
ligand and receptor (Tung et al., 2023). 

2.5. Molecular Docking 

Molecular docking was performed using the ligand 
docking tool in Maestro version 12.8. The process began 
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with High-Throughput Virtual Screening (HTVS), which 
rapidly identified potential ligands by treating both the 
ligand and target as rigid entities. This was followed by 
Super Precision (SP) docking, which employed increased 
sampling precision to refine ligand binding evaluation. 
Extra Precision (XP) docking was conducted with a rigid 
body, utilizing a more refined scoring function and 
exhaustive conformational exploration. Finally, XP 
docking with Flexible Docking was performed to simulate 
better realistic ligand-target interactions and account for 
potential conformational changes in target proteins. The 
binding free energy of all the docked complexes was 
determined using MM-GBSA, a tool compatible with 
Prime in Schrödinger Maestro 12. 8. This was done 
through thermodynamics calculations within the program 
to establish the extent of interaction between the molecules 
(Srinivasa et al., 2024). 

2.6. Drug-likeness, Pharmacokinetic, and Toxicity 
Prediction 

The investigated ligands ' pharmacokinetic aspects and 
possible toxicity were analyzed using the SwissADME and 
Pro-Tox II online tools to determine the drug-likeness. 
This assessment entailed the general evaluation of the 
ADMET properties, which are significant measures that 
indicate the nature of a compound and its functionality 
within the human body. ADMET comprises parameters 
such as Absorption, Distribution, Metabolism, Excretion, 
and toxicity that define any compound's suitability for the 
likely use of a drug (Diningrat et al., 2023). Besides the 
ADMET evaluation, other significant molecular 
descriptors such as the molecular weight (MW), the 
number of HBA (hydrogen bond acceptors), the number of 
 HBD (hydrogen bond donors), and the TPSA (topological 
polar surface area) were calculated for the considered 
compounds. These descriptors were measured based on the 
Lipinski rule of 5.  

2.7. Quantitative Structure-Activity Relationship (QSAR) 
Model. 

Data concerning the activity of ADAMTS-5 inhibitors 
was sourced from the CHEMBL database. To initiate the 
process of QSAR and search for antagonists, the protein’s 
FASTA sequence extracted from the PDB under the 
accession code 6YJM 
(https://www.rcsb.org/structure/6YJM), was employed to 
query the CHEMBL database 
(https://www.ebi.ac.uk/chembl/). The list of inhibitors was 
transformed into an ".SDF" format through the use of 
DataWarrior software, after which the ligands were 
prepared and used for QSAR creation with the AutoQSAR 
module. Among the generated models, the best model was 
determined based on ranking, leading to the selection of 
the KPLS_MOLPRINT2D_7 model. This model was 
utilized to predict the bioactivity of the top compounds 
highlighted in the research. 

3. Results and Discussion 

Osteoarthritis is among the most prevalent forms of 
arthritis, characterizing joint pain in millions of people 
worldwide and the elderly population. It is now prevalent 
all over the globe due to aspects like population ageing and 
others, including obesity and a sedentary lifestyle 
(Hawker, 2019; Allen et al., 2022). Aggrecan 

degradation contributes to the emergence of discomfort, 
rigidity, and limited movement, resulting in disability and 
reduced economic productivity globally. Aggrecan plays a 
pivotal role as a primary proteoglycan in cartilage tissue, 
vital for maintaining joint integrity. The involvement of 
ADAMTS-5 in aggrecan degradation is associated with the 
progression of OA. Therefore, discovering compounds 
capable of inhibiting ADAMTS-5 represents a potential 
approach to managing OA (Hawker, 2019). 
Table 1. Docking and MMGBSA scores of the lead compounds 
from Momordica charantia L docked against ADAMTS-5 active 
site. 

COMPOUND NAME DOCKING 
SCORE (Kcal/mol) 

MM/GBSA 
(∆Gbind) 

Isoquercitrin  -11.659 -51.54 

Chlorogenic acid -11.648 -53.77 

Quercitrin -11.172 -68.96 

Epicatechin -10.443 -54.61 

Catechin -10.349 -54.24 

Naringenin-7-O-glucoside -10.188 -59.78 

Luteolin-7-O-glucoside -9.863 -57.61 

In this study, a computational method was used to look 
for possible lead compounds from MC that can antagonise 
the activity of the ADAMTS-5 enzyme. Schrodinger 
Maestro 12. 8 was used to perform molecular docking on 
118 compounds against the binding pocket of ADAMTS-5 
enzyme (PDB ID: 6YJM). Firstly, the compounds were 
sorted according to the docking score and then further 
evaluated according to their MMGBSA score and 
ADMETox features. These findings indicated that the 
selected hit compounds were well positioned into the 
active site of the ADAMTS-5. 

 
Figure 1: Chart showing the docking scores of the lead 
compounds from Momordica charantia L docked against 
ADAMTS-5 active site.
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Figure 2: Chart showing the MMGBSA scores of the lead 
compounds from Momordica charantia L docked against 
ADAMTS-5 active site.

 

From Isoquercitrin to Luteolin-7-O-glucoside, the 
compounds displayed a pronounced binding affinity with 
the ADAMTS-5 active site, with negative binding energies 
indicating a high level of affinity. The lead compounds 
listed in Table 1 exhibited primary amino acid interactions 
with crucial hydrophobic amino acid residues such as PHE 
406, ILE 442, LEU 443, LEU 379, and MET 381(Figure 
3), which are essential for ADAMTS-5's binding site and 
catalytic activity. These docked molecules also form 
hydrogen bonds with GLH 411, GLY 380, LEU 379, and 
THR 378 within the ADAMTS-5 binding pocket, thereby 
effectively saturating its active region. The best bioactive 
molecule Isoquercitrin, which has a maximum binding 
energy of -11.659Kcal/mol, forms a hydrogen bond with 
the residues GLH 411, GLY 380, LEU 379, THR 378 and 
ASP 377 and interact with the hydrophobic amino residues 
PHE 406, LEU 438, ILE 442, LEU 443, ILE 446, LEU 
379 and MET 381(Figure 3; Table 2).  

 

 
Figure 3: 2D-molecular interaction of the lead compounds from Momordica charantia L docked against ADAMTS-5 active site: (A) 
Isoquercitrin (B) Quercitrin (C) Chlorogenic acid (D) Epicatechin (E)  Naringenin-7-O-glucoside (F) Catechin (G) Luteolin-7-O-glucoside 
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With binding energies of -11.648Kcal/mol, 
Chlorogenic acid is thought to form hydrogen bonds with 
the aliphatic amino acids GLY 380, LEU 379, THR 378, 
ILE 442 and THR 444 and interact with the key amino 
acids MET 381, LEU 379, PHE 406, ILE 442, LEU 443 
and ILE 446. Quercitrin completely occupied the 

ADAMTS-5 binding site, displaying a binding energy of -
11.172Kcal/mol while interacting with the hydrophobic 
amino acids MET 381, LEU 379, LEU 443, ILE 442, LEU 
438, and PHE 406, alongside amino acid residues GLY 
380, GLH 411, SER 440, and THR 407 via hydrogen 
bonds. 

 

 
Figure 4: 3D-molecular interaction of the lead compounds from Momordica charantia L docked against ADAMTS-5 active site: (A) 
Isoquercitrin (B) Quercitrin (C) Chlorogenic acid (D) Epicatechin (E)  Naringenin-7-O-glucoside (F) Catechin (G) Luteolin-7-O-glucoside 

While establishing a hydrogen bonding connection with 
the amino acid GLY 380, LEU 379, ASP 377, GLH 411 
and THR 407, Epicatechin and Catechin had binding 
energies of -10.443Kcal/mol and -10.349Kcal/mol 
respectively, with both interacting with the hydrophobic 

amino acids ALA 382, MET 381, LEU 379, PHE 406, ILE 
446, LEU 443, ILE 442 and LEU 438 residues. 
Naringenin-7-O-glucoside, with binding eniergies of -
10.188Kcal/mol interacts with key residues ILE 446, LEU 
443, ILE 442, PHE 406, MET 381and LEU 379 through 
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amino acid interactions, while also forming hydrogen 
bonds with THR 444, SER 441, GLY 380, THR 378 and 
HID 374 residues. Luteolin-7-O-glucoside, having binding 
energies of -9.863Kcal/mol, forms hydrogen bonds with 
the residues ILE 442, SER 441, GLH 411 and THR 378 
and interacts with the hydrophobic amino residues as 
Isoquercitrin (PHE 406, LEU 438, ILE 442, LEU 443, ILE 
446, LEU 379 and MET 381). These findings indicate that 
these compounds have strong potential to bind the 
ADAMTS-5 enzyme in the treatment of various arthritis, 
particularly osteoarthritis. 
 
Table 2: Hydrogen Bonds and Hydrophobic interactions of the 
lead compounds from Momordica charantia L docked against 
ADAMTS-5 active site  

COMPOUNDS H-BOND Hydrophobic 
interacting amino 
acids 

Other 
Interactions 

Isoquercitrin  GLH 411, 
GLY 380, 
LEU 379, 
THR 378, 
ASP 377 

PHE 406, LEU 
438, ILE 442, 
LEU 443, ILE 
446, LEU 379, 
MET 381 

None 

Chlorogenic 
acid 

GLY 380, 
LEU 379, 
THR 378, 
ILE 442, 
THR 444 

MET 381, LEU 
379, PHE 406, ILE 
442, LEU 443, 
ILE 446 

None 

Quercitrin GLY 380, 
GLH 411, 
SER 440, 
THR 407 

MET 381, LEU 
379, LEU 443, 
ILE 442, LEU 
438, PHE 406 

None 

Epicatechin GLY 380, 
LEU 379, 
ASP 377, 
GLH 411, 
THR 407 

ALA 382, MET 
381, LEU 379, 
LEU 438, ILE 
442, LEU 443, 
ILE 446, PHE 406 

None 

Catechin GLY 380, 
LEU 379, 
ASP 377, 
THR 407, 
GLH 411, 
SER 441 

ALA 382, MET 
381, LEU 379, 
PHE 406, ILE 446, 
LEU 443, ILE 
442, LEU 438 

None 

Naringenin-7-O-
glucoside 

THR 444, 
SER 441, 
GLY 380, 
THR 378, 
HID 374 

ILE 446, LEU 
443, ILE 442, PHE 
406, MET 381, 
LEU 379 

None 

Luteolin-7-O-
glucoside 

ILE 442, 
SER 441, 
GLH 411, 
THR 378 

ILE 446, PHE 406, 
LEU 443, ILE 
442, LEU 438, 
MET 381, LEU 
379 

None 

The binding affinities of ADAMTS-5 lead compounds 
were further evaluated using the MMGBSA and 
Schrodinger program. This method involves calculating 
the free energy change of binding for the ligands in their 
binding pose. Isoquercitrin, Chlorogenic acid, Quercitrin, 
Epicatechin, Catechin, Naringenin-7-O-glucoside and 
Luteolin-7-O-glucoside had binding free energies of -
51.54∆Gbind, -53.77∆Gbind, -68.96∆Gbind, -
54.61∆Gbind, -54.24∆Gbind, -59.78∆Gbind and -
57.61∆Gbind respectively (Table 1; Figure 2). 

Table 3: Pharmacokinetics profile of lead compounds of 
Momordica charantia L docked against ADAMTS-5 active site 

MODEL QPlogHERG QPlogBB QplogKhsa 

Isoquercitrin  -5.085 -3.468 -0.885 

Chlorogenic acid -3.298 -3.328 -0.917 

Quercitrin -5.22 -3.29 -0.661 

Epicatechin -4.41 -1.88 -0.442 

Catechin -4.302 -1.853 -0.441 

Naringenin-7-O-
glucoside 

-5.786 -3.239 -0.719 

Luteolin-7-O-
glucoside 

-5.819 -3.952 -0.808 

QPlogHERG: IC50 value for blockage Human Ether-a-go-go-
Related Gene (hERG) K+ channels (below − 5) 

QPlogBB: Brain/blood partition coefficient (− 3.0 to 1.2) 

QplogKhsa: Binding to human serum albumin (− 1.5 to + 1.5) 

It is imperative to comprehend the pharmacokinetics of 
phytochemicals for their use as new agents for drug 
administration (Rai et al., 2023; Rathaur and SR, 2019). 
To predict the pharmacokinetic properties of the lead 
compounds, the QikProp activity available in the Maestro 
software was used. This included the determination of 
compounds’ affinity to human serum albumin 
(QPlogkhsa), the blood-brain barrier penetration 
(QPPlogBB), and finally the 50% inhibitory concentration 
concerning Human Ether-a-go-go-Related Gene (hERG) 
K+ channels (QPlogHERG). As shown in Table 3, all 
designed lead compounds targeting the ADAMTS-5 
enzyme are within the QPlogKHSA range of 0-0.5, 
suggesting their promising drug candidacy. This range of 
values signals that the compounds may have favourable 
pharmacokinetic characteristics; longer circulation within 
the body, improved distribution in the tissues, and slower 
clearance rates which could benefit their therapeutic 
outcomes. As demonstrated in Table 3, none of the HERG 
values recorded for all the compounds selected for the 
study were above 10µM, proving that these are good 
compounds to work with for drug discovery and 
development from the perspective of cardiac safety. 
Indeed, this discovery is very important to note because 
substances with low degrees of HERG inhibition can help 
to prioritize promising drug candidates with better 
cardiovascular characteristics. As seen earlier, all the lead 
compounds were found to possess reasonable log bb/p 
values that fall in between the expected range. 
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Table 4: In-silico drug likeness prediction of the lead compounds from Momordica charantia L docked against ADAMTS-5 active site 

COMPOUNDS MW HBA HBD TPSA ILOGP LOGKP ROV 

Isoquercitrin  464.40 12 8 210.51 0.94 -8.88 2 
Chlorogenic acid 354.31 9 6 164.75 0.87 -8.76 1 
Quercitrin 448.38 11 7 190.28 1.60 -8.42 2 
Epicatechin 290.27 5 5 110.38 1.47 -4.594 0 
Catechin 290.27 6 5 110.38 1.33 -7.82 0 
Naringenin-7-O-glucoside 434.39 10 6 166.14 2.35 -8.49 1 
Luteolin-7-O-glucoside 448.38 11 7 190.28 1.76 -8.00 2 

Table 5: The bio-availability and pharmacokinetic properties (ADMETox) of the lead compounds from Momordica charantia L docked 
against ADAMTS-5 active site 

The drug discovery and development process requires a 
thorough evaluation of the suitability of potential 
compounds (Adelusi et al., 2022). One well-established 
method for assessing this suitability is the Lipinski rule of 
five (RO5), which takes into account various factors 
including molecular weight, lipophilicity, hydrogen bond 
donors, and the number of rotatable bonds (Daoud et al., 
2023). As per the Lipinski Rule of Five, a drug is deemed 
to exhibit favourable oral bioavailability if its molecular 
weight is under 500, its log P value is less than 5, it 
possesses fewer than 5 hydrogen bond donors, and has 
fewer than 10 hydrogen bond acceptors (Chen et al., 2020; 
Olugbogi et al., 2024). This evaluation is instrumental in 
determining the potential of a molecule to be developed 
into an oral drug with minimal adverse effects. 

The results of the drug-likeness property analysis are 
presented in Table 4. All investigated compounds conform 
to Lipinski's ROV computations. Table 5 shows the result 
obtained from the ADMETox software, suggesting that 
none of the ligand molecules selected can pass through the 
blood-brain barrier. According to the results, the 
bioavailability level of Epicatechin and Catechin possesses 
a positive alert of human intestinal absorption in the 
human body, and all the selected ligand molecules are 
potential inhibitors of the CYP1A2, CYP2C19, CYP2C9, 
CYP2D6, and CYP3A4 metabolic enzymes. It can be 
postulated that Chlorogenic acid and Quercitrin are not 
effluxed through P-glycoprotein and are therefore not 
substrates. Moreover, not all the chosen ligand molecules 
showed any signs of carcinogen, mutagen, hepatotoxic or 
cytotoxic nature apart from quercetin, which proved to be 
a carcinogen. 

3.1. Auto-QSAR Model 

The Quantitative Structure-Activity Relationship 
(QSAR) methodology is a computational and statistical 
modelling approach to predict biological activity (or 
physicochemical properties) of chemical compounds from 
their molecular structure. It calculates a quantitative 
correlation between molecular structural features and 
observed biologic or chemical activities. QSAR has 
become a popular method in drug discovery, toxicology 
and environmental chemistry to design new compounds 
with specific properties or predict a compound’s activity 
for compounds that have not been tested (Samuel et al., 
2023). 

 
The developed QSAR model correctly clones the 

biological activities of the leading compounds and 
juxtaposes them to the standard ADAMTS-5 inhibition. 
The AutoQSAR module was used in constructing the 
QSAR model. The best model (KPLS_MOLPRINT2D_7) 

Models Isoquercitrin Chlorogenic 
acid 

Quercitrin Epicatechin Catechin Naringenin-7-
O-glucoside 

Luteolin-7-O-
glucoside 

BBB Does not cross Does not cross Does not 
cross 

Does not 
cross 

Does not 
cross 

Does not cross Does not cross 

GI absorption Low Low Low High High Low Low 
CYP2C9 Inhibitor No No No No No No No 
CYP2C19 
Inhibitor 

No No No No No No No 

CYP1A2 Inhibitor  No No No No No No No 
CYP3A4 Inhibitor No No No No No No No 
CYP2D6 Inhibitor No No No No No No No 
P-gp Substrate Yes No No Yes Yes Yes Yes 
Carcinogenicity No No Yes No  No No  No  
Hepatotoxicity No No No No No No No 
Mutagenicity No No No No No No No 
Cytotoxicity No No  No No No No No 
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for predicting the pIC50 values of the top compounds has 
an R-squared value of 0.8097, a Q-squared value of 0.8033 
and the root mean square error (RMSE) stands at 0.4391, 
with a standard deviation (S.D) of 0.4200. Thus, our result 
is suggestive of the positive therapeutic potential of 
phytochemical compounds of Momordica charantia L on 
inhibition of ADAMTS-5 when compared to the standard 
ADAMTS-5 inhibitors.  

3.2. LIMITATION 

 while this study provides a strong foundation for 
further investigation of Momordica charantia L. 
compounds as potential ADAMTS-5 inhibitors, it should 
be viewed as a starting point rather than a definitive 
assessment. The findings warrant experimental validation, 
cell-based studies, and eventually, animal models of 
osteoarthritis to elucidate these compounds' therapeutic 
potential fully. 

4. Conclusion 

The utilization of Momordica charantia leaf in this 
study has shown great potential as a potential drug for 
treating osteoarthritis. This plant possesses various 
beneficial properties, including strong antioxidant, anti-
inflammatory, anticancer, and antidegenerative effects. 
These results have significant implications for the 
exploration of new therapeutic options for osteoarthritis 
treatment. Taken together, this study will inspire further 
research interest among scientists, leading to 
advancements in developing novel treatments for this 
debilitating condition. 
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Abstract 

Background.   Biosurfactants exhibit exceptional biological activities against pathogenic microorganisms, gaining 
significant attention for their potential in combating antimicrobial drug resistance. These molecules have been globally 
studied and widely published in reputable international journals. This study aims to provide a comprehensive bibliometric 
analysis of the global research profile, utilization, and advancements of biosurfactants as antimicrobial agents over the past 
three decades. 
Methods.   Publication data on biosurfactants as antimicrobial agents were obtained from the Scopus database (1991–2023) 
and analyzed bibliometrically through VOSviewer. 
Results.  A total of 908 publications, with an annual average of 28 articles, including notable contributions in Frontiers in 
Microbiology, with 43 documents are obtained in this study. Publication trends have shown consistent growth since 2000, 
peaking in 2022. India emerged as the most prolific contributor, followed by Ulster University as the leading institution and 
Banat, I.M. as the most productive author. Popular research themes include biosurfactants, antimicrobial activity, and anti-
infective agents.  
Conclusion.  This research offers a brief overview of the utilization of biosurfactants as antimicrobial agents research at a 
worldwide level from 1991 through 2023. This analysis highlights research trends and provides a foundation for future 
studies in this field. 
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1. Introduction 

Antimicrobial resistance stands as one of the greatest 
challenges rapidly facing modern medicine and public 
health globally (Rzycki et al., 2024). The World Health 
Organization (WHO) has highlighted that antimicrobials, 
including antibiotic resistance, pose a major concern to the 
public health, with the potential to contribute ineffective 
drugs to treat bacteria to antibiotics due to prolonged and 
improper antimicrobial use (Rzycki et al., 2024; 
Antimicrobial Resistance Collaborators, 2022; Prastiyanto 
et al., 2024). To solve this urgent problem, researchers and 
other groups are actively coordinating action plans to 
develop novel antibiotics and antimicrobial agents. A 
thorough study and screening process are critical to 
precisely characterize compounds and define possible 
targets for tackling antimicrobial resistance and other 
human diseases. 

Natural products (NPs), such as medicinal plants 
(Anand et al., 2019; Manan et al., 2022), fungi (Jakubczyk 

and Dussart, 2020), and endophytic plants have the ability 
to compete with other microorganisms and are abundant 
source of antimicrobial compounds. These compounds 
have unique features when compared to synthetic 
compounds in terms of structural complexity and 
enormous scaffold diversity (Atanasov et al., 2021). The 
phenolic compound of Ruta chalepensis L. leaf extract has 
antimicrobial activity against bacteria, such as Bacillus 
cereus, Pseudomonas aeruginosa, Staphylococcus aureus, 
and fungi like Candida albicans (Al-Ghamdi et al., 2020). 
Plants and fungi-based pharmaceuticals have been used in 
the reduction of human disease for over 5000 years (Hu et 
al., 2019). The endophytic thermophilic fungus 
Gymnascella thermotolerans-GTE-21 on Euphorbia 
geniculata have antimicrobial activity against human 
pathogenic microbial Staphylococcus epidermidis and 
Candida ciferrii (El-Zayat et al., 2024). This highlights 
that natural products are a promising source of 
antimicrobials, particularly biosurfactants derived from 
bacteria, fungi, or plants (Figure 1) (Ceresa et al. 2021, 
Kumar et al. 2021, Sarubbo et al. 2022). 
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Figure 1. Production, Types, and Application of Biosurfactants. 

Biosurfactants belong to surface-active compounds that 
consist of hydrophobic and hydrophilic moieties of 
biological origin to encourage the presence of interfaces 
with different polarities between fluids (Eras-Munoz et al., 
2022). Biosurfactants possess several benefits compared 
with chemical surfactants, including being non-toxic, 
biodegradable, not accumulating in the environment, and 
stable under several environmental conditions (Alfian et 
al., 2022); thereby providing various future applications, 
including industrial sectors. These surface-active 
compounds possess promising biological features against 
pathogenic microbes in the host organisms, including anti-
biofilm (Ali et al., 2022; Adnan et al., 2023; Kaur and 
Kaur, 2019), anti-adhesive (Mouafo et al., 2023; Firdose et 
al., 2023), and anti-microbial activities (Akgul et al., 2019; 
Adnan et al., 2023; Adu et al., 2022; AA et al., 2020).  

Studies in biosurfactants used for treating pathogenic 
agents in plants and humans are increasing gradually. Low 
molecular weight groups, like glycolipids and lipopeptides, 
have been authorized for biological qualities based on their 
molecular. Glycolipids have been effective therapeutic 
agents in combating various diseases (Shu et al., 2021), 
including antiadhesive (Kadhum and Haydar, 2020), and 
antimicrobial properties, such as antifungal (Ayed et al., 
2023), antibacterial (de Freitas et al., 2019; da Fontoura et 
al., 2020), and antiviral effects (Tsuji et al., 2023). 
Nevertheless, lipopeptides showed biocontrol agents 
against plant pathogens (Huang et al., 2022; Ghazala et al., 
2022; Abdallah et al, 2018), antimicrobial impact in food 
(Ali et al., 2022), biofilm inhibition (Englerova et al., 
2021; Ceresa et al., 2021), and antimicrobial (Chauhan et 
al., 2022). Biosurfactants like rhamnolipid produced by 
Pseudomonas aeruginosa ST5 and surfactin from Bacillus 
amyloliquefaciens ST34 have demonstrated efficacy 

against antibiotic-resistant Escherichia coli and 
Staphylococcus aureus (Ndlovu et al., 2017). Similarly, 
Sambanthamoorthy et al. (2014) reported that 
biosurfactants from Lactobacillus jensenii and 
Lactobacillus rhamnosus exhibit potent antimicrobial and 
anti-adhesive activities against multidrug-resistant (MDR) 
strains, including Acinetobacter baumannii, Escherichia 
coli, and methicillin-resistant Staphylococcus aureus 
(MRSA). 

The aims of this study was to carry out a bibliometric 
analysis of the biosurfactants related-research, especially 
of antimicrobial activities. Bibliometric analysis has been 
widely used in several research worldwide, such as snake 
venom, Indonesian biodiversity through DNA barcoding, 
prevalence of chikungunya cases, prevalence of 
monkeypox cases, organoid in regenerative medicine also 
global trends in non-alcoholic fatty acid liver (Sofyantoro 
et al., 2022a; Priyono et al., 2023; Sofyantoro et al., 2023; 
Sofyantoro et al., 2022b; Setiawan et al., 2024; Putri et al., 
2023). Regarding current bibliometric studies, there is only 
one that evaluates the output of renewable source 
production of biosurfactants quantitively and qualitatively 
(Nunes et al., 2022), and no bibliometric studies of 
biosurfactants as antimicrobial agents. Therefore, 
evaluation the worldwide research profile of literature on 
antimicrobial agents of biosurfactants is critical. In order 
to provide a comprehensive profile of biosurfactants as 
antimicrobial agents literature for the last three decades, 
this study mapped collaboration worldwide, evaluated the 
eminent institutions performance and authors, investigated 
the output of reputable journals, analyzed the highly cited 
articles, as well as highlighted arising research topics. The 
current study findings may present a visual summary of 
research advancements in this field and assess future 
research implications. 

2. Materials and Methods 

This study used data from the Scopus database, 
selected for its broad journal coverage, which supports 
both keyword searches and citation analysis. Scopus also 
indexes journals from other databases (Falagas et al., 
2008). On February 20, 2024, a bibliometric filter was 
generated and run using the key terms (TITLE-ABS-KEY 
( biosurfactant ) AND TITLE-ABS-KEY ( antimicrobial ) 
OR TITLE-ABS-KEY ( antibiotic ) ) AND ( EXCLUDE ( 
PUBYEAR , 2024 ) ) in the title and abstract parts to 
identify biosurfactants as antimicrobial-related 
publications from the Scopus database. Type of 
documents, including key terms, journal titles, publication 
year, countries, institutions, and citations, were extracted. 
The data were analyzed with VOSviewer to evaluate 
global profiles, international and author collaborations and 
to map prevalent keywords over the past three decades 
(McAllister et al., 2022). 

3. Results 

3.1. Publication profile of biosurfactant as 
antimicrobial-related research from 1991 to 2023 

Between 1991 and 2023, 908 documents were 
published worldwide, generating in an average of 28 
papers a year related to biosurfactants as anti-microbial 
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agents. Since the 2000s, there has been a steady growth in 
the amount of research on biosurfactants as antimicrobial 
agents; the highest number of publications was published 
in 2022 (112 documents).  The highest number published 
were research articles (n = 679), reviews (n = 142), book 
chapters (n = 55), and conference papers (n = 14), 

respectively. English was written in many of the 
documents (n = 893), followed by Chinese (n = 4), and 
French (n = 3). Since 1991, the number of documents 
about biosurfactants as antimicrobial agent has been 
steadily rising, with the maximum productivity recorded in 
2022 (n = 113) (Figure 2). 

 

 
Figure 2. Publication profile of biosurfactant as antimicrobial-related research from 1991 to 2023. 908 documents were obtained from the 
Scopus database.   

3.2. Collaboration and contribution countries of 
biosurfactant as antimicrobial-related research during 
the years 1991-2023 

Between 1991-2023, 79 countries contributed to the 
literature on biosurfactants as antimicrobial agents. The 
publication shares of the top ten most prolific countries 
ranged from 26.9% for India to 3.1% for South Korea. 
Table 1 presents the top ten countries globally related to 
their relative contribution to the total number of 
publications. With 245 (26.9%) documents published, 
India was the top prolific country, followed by Brazil (n = 
84, 9.2%), China (n = 72, 7.9%), the United States (n = 64, 
7.0%), and the United Kingdom (n = 58, 6.3%) (Table 1). 
Figure 3a reveals the formation of nine distinct clusters 
visualized using VOSviewer, each represented by a 
different color: green (Italy, Canada, Belgium), purple 
(Brazil, Portugal), red (Germany, Poland, India), dark blue 
(France, Mexico, Nigeria), yellow (India, Saudi Arabia, 
Egypt), light blue (Thailand), and orange (Spain, Tunisia). 
Meanwhile, Figure 3b maps countries based on publication 
year, with a color gradient from purple to yellow 
indicating older to more recent publications. The earliest 

publication year is 2014, while the most recent one is 
2020. 
Table 1. Collaboration and contribution of the Top Ten Countries 
for Biosurfactant Research Publications on Antimicrobial Agents 
Worldwide.  

SCRa Country Number of Documents (%) 

1 India 245 (26.9%) 

2 Brazil 84 (9.2%) 

3 China 72 (7.9%) 

4 United States 64 (7.0%) 

5 United Kingdom 58 (6.3%) 

6 Spain 43 (4.7%) 

7 France 34 (3.7%) 

8 Germany 31 (3.3%) 

9 Italy 30 (3.2%) 

10 South Korea 29 (3.1%) 
aSCR: standard competition ranking. 
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                                               (a)                                                                                 (b) 
Figure 3. Mapping the collaboration among countries: The number of collaborations with other countries is reflected in the size of the 
circle. Visualizations in (a) network and (b) overlay. The size of the circles corresponds to the frequency of appearances. The degree of 
relationship is indicated by the length of the links. The different colors reveal distinct clusters. The color gradient, from purple to yellow, 
indicates the timeline from older to more recent publications

3.3. The highest journals of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 2 displays the top fourteen journals with the most 
documents globally, with 195 (21.47%) documents. 

Frontiers in Microbiology (n = 43), Colloids and Surfaces 
B Biointerfaces (n = 15), and Applied Microbiology and 
Biotechnology (n = 15) were the most published journals 
on the study of biosurfactants as antimicrobial agents.  

.  

Table 2. The highest journals in the field of biosurfactant research related to antimicrobials. 

SCR Journal No. of Documents SJR H-index 

1 “Frontiers in Microbiology” 43 (4.73%) 1.19 233 

2 “Applied Microbiology and Biotechnology” 15 (1.65%) 0.968 267 

3 “Colloids and Surfaces B Biointerfaces” 15 (1.65%) 0.868 198 

4 “Bioresource Technology” 13 (1.43%) 2.473 364 

5 “International Journal of Molecular Sciences” 13 (1.43%) 1.154 269 

6 “World Journal of Microbiology and Biotechnology” 12 (1.32%) 0.726 115 

7 “Applied Biochemistry and Biotechnology” 12 (1.32%) 0.514 135 

8 “Pharmaceutics” 11 (1.21%) 0.795 106 

9 “Antibiotics” 11 (1.21%) 0.792 77 

10 “Scientific Reports” 10 (1.10%) 0.973 315 

11 “Process Biochemistry” 10 (1.10%) 0.676 182 

12 “Journal of Applied Microbiology” 10 (1.10%) 0.774 185 

13 “Current Microbiology” 10 (1.10%) 0.526 108 

14 “Biocatalysis And Agricultural Biotechnology” 10 (1.10%) 0.655 70 

SCR: standard competition ranking. 

3.4. The highest cited article of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

The article titled “Natural functions of lipopeptides 
from Bacillus and Pseudomonas: More than surfactants 
and antibiotics” was the most cited article on 

biosurfactants as antimicrobial-related research in FEMS 
Microbiology Reviews (Table 3). The second-highest cited 
article “Biosurfactant: Potential applications in medicine” 
published in Journal of Antimicrobial Chemotherapy was 
co-authored by Banat, I.M who is the first of the top ten 
authors (Table 5). 
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Table 3. The most cited articles on biosurfactant as antimicrobial-related research 

SCR Authors Article title Journal Year Citation 

1 Raajimakers et al., 2010 

“Natural functions of lipopeptides 
from Bacillus and Pseudomonas: 
More than surfactants and 
antibiotics” 

FEMS Microbiology 
Reviews, 34(6), pp. 1037–1062 2010 779 

2  Rodrigues et al., 2006 “Biosurfactants: Potential 
applications in medicine” 

Journal of Antimicrobial 
Chemotherapy, 57(4), pp. 609–618 2006 724 

3 Abdel-Mawgoud et al., 
2010 

“Rhamnolipids: Diversity of 
structures, microbial origins and 
roles” 

Applied Microbiology and 
Biotechnology, 86(5), pp. 1323–
1336 

2010 656 

4  Singh et al., 2007 
“Surfactants in microbiology and 
biotechnology: Part 2. Application 
aspects” 

Biotechnology Advances, 25(1), pp. 
99–121 2007 595 

5  Galie et al., 2018 
“Biofilms in the food industry: 
Health aspects and control 
methods” 

Frontiers in 
Microbiology, 9(MAY), 898 2018 551 

6  Singh and Cameotra, 2004 “Potential applications of microbial 
surfactants in biomedical sciences” 

Trends in Biotechnology, 22(3), pp. 
142–146 2004 493 

7  Reid et al., 2011  
“Microbiota restoration: Natural 
and supplemented recovery of 
human microbial communities” 

Nature Reviews Microbiology, 9(1), 
pp. 27–38 2011 423 

8  Thomas et al., 2013  “Current developments in solid-
state fermentation” 

Biochemical Engineering 
Journal, 81, pp. 146–161 2013 412 

9  Elshikh et al., 2016  

“Resazurin-based 96-well plate 
microdilution method for the 
determination of minimum 
inhibitory concentration of 
biosurfactants” 

Biotechnology Letters, 38(6), pp. 
1015–1019 2016 399 

10  Van Hamme et al., 2006 

“Physiological aspects. Part 1 in a 
series of papers devoted to 
surfactants in microbiology and 
biotechnology” 

Biotechnology Advances, 24(6), pp. 
604–620 2006 390 

SCR: standard competition ranking. 

3.5. The most productive institutions of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 4 displays the top 10 productive affiliations 
worldwide in the field of biosurfactants as antimicrobial 
agents from 1991 to 2023, with a total of 133 (14.64%) 
documents. Ulster University is the most prolific 

contributor with 25 (2.73%) biosurfactants as 
antimicrobial-related documents. Second through fifth on 
the list were the Universidade de São Paulo (n = 23, 
2.51%), Universidade do Minho (18, 1.98%), 
Universidade de Vigo (n = 16, 1.75%), University of Sfax 
(n = 13, 1.42%), respectively.  

Table 4. The most productive organization in publications related to antimicrobial agents of biosurfactants. 

SJR Affiliation Country Number of documents (%) 

1 Ulster University Northern Ireland 25 (2.73%) 

2 Universidade de São Paulo Brazil 23 (2.51%) 

3 Universidade do Minho Portugal 18 (1.98%) 

4 Universidade de Vigo Spain 16 (1.75%) 

5 University of Sfax Tunisia 13 (1.42%) 

6 Savitribai Phule Pune University India 12 (1.31%) 

7 Universitat de Barcelona Spain 11 (1.20%) 

8 Universidade Catolica de Pernambuco Brazil 11 (1.20%) 

9 Prince of Songkla University Thailand 11 (1.20%) 

10 Ministry of Education of the People's Republic of China China 10 (1.09%) 

SCR: standard competition ranking.
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3.6. The top authors contributed of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 5 displays the top 10 authors worldwide who 
commit to the field of biosurfactants as antimicrobial 

agents from 1991 to 2023 according to the amount of 
document publications. Banat, I.M. is the first of the top 
ten authors with 24 documents of biosurfactant as 
microbial-related publication and Vecino, X. is the lowest 
author with 9 documents. 

Table 5. The top ten authors contributed to antimicrobial agents 
of biosurfactants. 

SCR Authors No of document H-index 

1 Banat, I.M. 24 80 

2 Moldes, A.B. 13 41 

3 Cruz, J.M. 12 45 

4 Sarubbo, L.A. 12 51 

5 Saimmai, A. 11 14 

6 Rodríguez-López, L. 11 19 

7 Nitschke, M. 11 30 

8 Rodrigues, L.R. 10 66 

9 Maneerat, S. 10 25 

10 Vecino, X. 9 28 

SCR: standard competition ranking. 
Figure 4 maps the occurrence of terms extracted from 

908 documents about biosurfactants as antimicrobial 
agents indexed by Scopus. Of the 8603 terms that were 
retrieved, 81 were determined in more than 50 
occurrences, leading to the formation of 5 distinct clusters: 
red, purple, blue, yellow, and green. (Figure 4a). Terms 
like antibiofilm activity, antibiotic agent, antibiotic 

resistance, biosurfactant, bacterial strain, Candida 
albicans, biofilm, Escherichia coli, human, 
hydrophobicity, Pseudomonas aeruginosa, Staphylococcus 
aureus, 16s RNA, quorum sensing are present in cluster 1 
(red color); cluster 2 (green color): animal, anti-bacterial 
agents, antiinfective agent, chemistry, drug effect, 
genetics, Isolation and purification, metabolism, microbial 
sensitivity test, surface-active agents; cluster 3 (blue 
color): bacteria, biomolecules, bioremediation, 
emulsification, emulsion, Fourier transform infrared 
spectroscopy, surface tension; cluster 4 (yellow color): 
antifungal activity, Bacillus subtilis, biosynthesis, fungi, 
lipopeptide, surfactin; cluster 5 (purple color): 
antimicrobial activity, glycolipid, lipid, rhamnolipid. In 
Figure 4b, the extracted terms are categorized by 
VOSviewer into a color gradient that represents old to 
recent publishing years, ranging from blue to yellow. 
Several key terms including antibiotic agent, biosynthesis, 
bacterial strain, lipopeptide, surfactin, lipid, surface-active 
agents, surface tension, and Bacillus subtilis were 
deciphered upon in the early years of biosurfactant 
research as it pertained to antimicrobials. Meanwhile, 
some keywords like animal, chemistry, drug effect, anti-
infective agent, antibiofilm activity, antibiotic resistance, 
biofilm, Fourier transform infrared spectroscopy, and 16s 
RNA are the topics that have appeared in recent years. 

 

 
                                                          (a)                                                                                                            (b) 

Figure 4. Mapping of occurrence terms retrieved from titles and abstracts in biosurfactant as antimicrobial-related research articles 
conducted by VOSviewer. Visualizations in (a) network and (b) overlay. The circles’ sizes correspond to the frequency of appearances. The 
degree of relationship is indicated by the length of the link. The different colors reveal distinct clusters. The color gradient, from purple to 
yellow, indicates the timeline from older to more recent publications

4. Discussion 

Biosurfactants can be classified as either low-
molecular-weight or high–molecular–weight 
biosurfactants (Kubicki et al., 2019). Lipopolysaccharides, 
lipoproteins, and a combination of these types belong to 
high-molecular-weight biosurfactants (Kubicki et al., 

2019), while low-molecular-weight biosurfactants include 
fatty acids, phospholipids, glycolipids, 
polyketideglycosides, lipopeptides, and spiculisporic acid 
(Vieira et al., 2021). Moldes et al. (2021) reported 
glycolipopeptides and glycopeptides as the least studied 
microbial biosurfactants. Both glycopeptides and 
glycolipopeptides have been investigated and reviewed for 
their antimicrobial ability (Butler et al., 2014; Vecino et 
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al., 2018; Acharya et al., 2022). Glycolipids and 
lipopeptides are the most investigated biosurfactant classes 
for antimicrobial properties as shown in Supplementary 1 
and Supplementary 2. 

Polymyxins biosurfactants from bacteria were first 
reported in 1947 as one of the earliest classes of antibiotic, 
and in 1949, polymyxin E from Paenibacillus 
polymyxa was produced (Ledger et al., 2022). However, 
several adverse effects, including neuromuscular blockade, 
nephrotoxicity, and neurotoxicity as well as the availability 
of less toxic antimicrobials, caused it to lose popularity 
(Grill and Maganti, 2011). Glycopeptides as antibiotics 
from actinomycetes were discovered and reported in 1954 
and introduced clinically in 1958 (Hutchings et al., 2019). 
Iturin as an interesting lipopeptide for antimicrobial and 
antifungal activity (Yaraguppi et al., 2023). Furthermore, a 
review article titled “Natural functions of lipopeptides 
from Bacillus and Pseudomonas: More than surfactants 
and antibiotics” published in FEMS Microbiology 
Reviews (Raajimakers et al., 2010) was the most cited 
article on biosurfactants as antimicrobial-related research, 
indicating that lipopeptide has gained attention in this 
study. 

Based on our findings, India is the most prolific 
country in terms of antimicrobial properties of 
biosurfactants research. Biosurfactant research is gradually 
increasing together with a remarkable market surge in 
growth for biosurfactant demand in India (TechSci 
Research, 2023). This trend is especially apparent in 
personal care products that use antimicrobial natural 
ingredients. Starting in 2016, the number of published 
documents significantly increased, and the highest number 
was in 2022, indicating the field of antimicrobial 
properties of biosurfactants had high research productivity 
in recent years. In the research progress of antimicrobial 
properties of biosurfactant, Saudi Arabia, Egypt, and Iraq 
contributed as collaboration countries besides developed 
countries. This result differs from the institution's 
productivity in publications related to antimicrobial agents 
of biosurfactants. Ulster University from Northern Ireland 
has the most number of documents on antimicrobial 
properties of biosurfactant-related research. 

Frontiers in Microbiology was listed as the most 
prominent journal with many documents discussing the 
antimicrobial properties of biosurfactants in this study. The 
first publication from Frontiers in Microbiology obtained 
in this study was published in 2014 titled "Analysis of 
biosurfactants from industrially viable Pseudomonas strain 
isolated from crude oil suggests how rhamnolipids 
congeners affect emulsification property and antimicrobial 
activity” by Das and colleagues from China (Das et al., 
2014). Frontiers in Microbiology journal contributed 
4.73% (n = 43) of the total publications retrieved from the 
Scopus database. Interestingly, although the oldest article 
related to antimicrobial properties of biosurfactants in 
Colloids and Surfaces B Biointerfaces journal was 
published in 1996 (Araki et al., 1996), this journal was 
identified as having the third-highest number of published 
documents 1.65% (n = 15).  

The highest citations of research articles in Table 3 
emphasize the most significant studies in biosurfactants as 
research with an antimicrobial focus. They can be used as 
references in finding present trends and prospects. 
According to the cluster formed (Figure 4), the red color 

(cluster 1) indicated the biological activity of biosurfactant 
and pathogen-caused infection. The green color (cluster 2) 
indicated the relationship between biosurfactant properties 
within organisms and their drug combination. The blue 
color (cluster 3) showed the characterization of 
biosurfactants, followed by the yellow color showed 
certain biosurfactants (lipopeptide and surfactin) with their 
antifungal activity. The purple color showed the major 
biosurfactants studied, such as glycolipid and rhamnolipid 
with their antimicrobial activity.  As shown in Figure 4, 
biosurfactant research starting in 2017 has the emerging 
trend research in several keywords, such as animal, 
chemistry, drug effect, anti-infective agent, antibiofilm 
activity, antibiotic resistance, biofilm, Fourier transform 
infrared spectroscopy, and rna 16s.  

Antimicrobial resistance like antibiotic resistance in 
2019 caused 1.27 million deaths globally (Antimicrobial 
Resistance Collaborators, 2022). Exploration of natural 
compounds particularly biosurfactants for tackling human 
disease due to antimicrobial resistance is interesting 
among researchers worldwide. Several studies have 
demonstrated the biological activity of biosurfactants in 
vivo or cell line animals like mice (Huang et al., 2018; 
Tsuji et al., 2023), human cells (Vazquez et al., 2018), 
mouse fibroblast and mouse macrophage cell lines (Farias 
et al., 2019), chorioallantoic membrane (Rodriguez-Lopez 
et al., 2019), and Aedes aegypti larvae (de Andrade 
Teixeira Fernandes et al., 2020).  Biosurfactants are 
capable of degrading microbial cell membranes. These 
molecules, composed of a hydrophilic head and a 
hydrophobic tail, interact with bacterial membrane lipids, 
leading to cellular damage. The mechanism begins with 
biosurfactants binding to lipopolysaccharides and 
peptidoglycan in the bacterial membrane, followed by their 
accumulation on the membrane surface. Furthermore, 
biosurfactants disrupt membrane proteins, triggering 
membrane disintegration and ultimately causing bacterial 
cell lysis (Lourenco et al., 2024; Adu et al., 2020).  

Biofilm formation enhances antimicrobial resistance by 
increasing bacterial metabolism and strengthening 
defenses against antimicrobial agents (Uruen et al., 2020; 
Zhao et al., 2023). Many studies informed the antibiofilm 
potential of biosurfactants on the host or medical devices 
(Supplementary 3). Biosurfactants form micelles that 
interact with bacterial membranes, modifying the 
hydrophobic layer to inhibit biofilm formation and 
adhesion. They also alter surface tension and membrane 
permeability, causing membrane leakage (Jimoh et al., 
2023). Moreover, the established combination formula of 
biosurfactant to combat antibiotic resistance and 
multidrug-resistant (MDR) strains has also been reported 
including nanoparticle-promising technology 
(Supplementary 4) (Falakaflaki et al., 2022; Diaz De 
Rienzo et al., 2016; Arif et al., 2021; Amirinejad et al., 
2023; Sharaf et al., 2022; Giordani et al., 2019; Lin et al., 
2023). Combining natural and synthesized compounds, 
this technology possesses a synergetic action against 
antimicrobial resistance compared to biosurfactants or 
drugs alone. Additionally, this strategy developed 
widespread biosurfactant applications related to the 
keyword “drug effect” on the host.  

Several methods exist to investigate biosurfactant 
composition (Barale et al., 2022; Gharaei et al., 2022; Sen 
et al., 2017), such as Thin Layer Chromatography (TLC), 
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nuclear magnetic resonance (NMR), high-performance 
liquid chromatography (HPLC), gas chromatography-mass 
spectrometry (GC-MS), liquid chromatography-mass 
spectrometry (LC-MS), and Fourier transform infrared 
spectroscopy (FTIR). In this study, FTIR is the prominent 
compositional analysis to determine the functional groups 
of biosurfactant compounds (Arif et al., 2021; Nataraj et 
al., 2021; AA et al., 2020; Alfian et al., 2022; Athira et al., 
2021; Challaraj Emmanuel et al., 2019;). On the other 
hand, the established technique for identifying 
biosurfactant-producing bacterial strains was 16S rRNA 
gene sequence analysis (Saleh et al., 2019; Rani et al., 
2020; Englerova et al., 2021; Elkhawaga et al., 2018; 
Cheffi et al., 2021; Reddy et al., 2018; Buonocore et al., 
2020; Challaraj Emmanuel et al., 2019) besides 
biosurfactant-producing yeast strains using rDNA regions 
(the D1/D2 LSU domains and ITS) (Sen et al., 2017). 
Interestingly, Villela et al., (2023) carried out whole-
genome gene markers not just the 16S rRNA gene to 
identify strains. The result showed identified strains 
differed from the original paper.  

5. Future Perspective 

Biosurfactants have recently drawn the attention of the 
research area on drug-delivery systems, pharmaceuticals, 
and especially antimicrobial resistance. Firstly, further 
exploration of the functional roles of biosurfactants could 
enhance our understanding of their impacts on tackling 
human diseases. Moreover, the exploration of 
biosurfactants is boundless from direct producers like 
bacteria, plants, and fungi, yet it can be produced by 
producers associated with animals and sponges. On the 
other hand, the adverse effect due to the interaction of the 
properties should be emphasized especially for differences 
in application effects. The challenges regarding the cost 
and effectiveness of biosurfactant applications are 
important to be resolved.  

6. Conclusion 

A total of 908 documents have been published over 
three decades, with an average of 28 publications per year. 
Most publications were reported in 2022. India emerged as 
the leading country in publication volume, while Ulster 
University ranked as the top institution. Banat, I.M. was 
identified as the most prolific author. Prominent keywords 
in this research include biosurfactants, antimicrobial 
activity, and anti-infective agents. In summary, the data 
provided in this study illustrates the advancements made in 
the scope of biosurfactants research focusing on their 
antimicrobial properties from 1991 to 2023, and it may 
help provide insights for future research. 

7. Limitations of Study 

A limitation of this study is that it primarily focuses on 
data from Scopus databases, which may not include all 
consistent publications. Additionally, the selection of 
keywords and filters could unintentionally narrow the 
scope, possibly skewing results toward particular research 
areas or geographic regions. Another limitation is the 
potential impact of publication bias, where studies with 
more favorable or significant results are more likely to be 

published, potentially leading to an overestimation of the 
antimicrobial potential of biosurfactants. Lastly, the timing 
of publications could influence trends observed in the 
analysis, with surges in publication frequency possibly 
reflecting external factors such as increased funding or 
interest rather than true advancements in the field. 
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Supplementary 1. Antimicrobial activities of biosurfactants produced by microorganisms. 

Producer microorganism Biosurfactant 
class 

Biosurfactant type Antimicrobial activity Reference 

Bacillus amyloliquefaciens Lipopeptides  Agrobacterium tumefaciens Abdallah et al., 2018 

Bacillus alveayuensis  Mixture of surfactins, 
iturins, and fengycins 

Desulfovibrio marinus Argentin et al., 2023 

Bacillus subtilis  Iturin A Phytophthora infestans Wang et al., 2020 

Serratia marcescens  Serrawettin Pseudomonas aeruginosa, methicillin-
resistant Staphylococcus aureus, 
Cryptococcus neoformans 

Clements et al., 2019 

Pseudomonas aeruginosa Glycolipids Rhamnolipids Bacteria: Serratia marcescens, 
Enterobacter aerogenes, Klebsiella 
pneumoniae, Staphylococcus aureus, 
Staphylococcus epidermidis, Bacillus 
subtilis, and phytopathogenic fungal 
species: Chaetonium globosum, 
Penicillium funiculosum, Gliocadium 
virens and Fusarium solani 

Haba et al., 2003 

Candida tropicalis  Sophorolipids Escherichia coli, Listeria monocytogenes 
and Staphylococcus aureus 

Ankulkar et al., 2019 

Rhodococcus fascians  Trehalose lipid Vibrio harveyi and Proteus vulgaris Janek et al., 2018 

Pseudozyma aphidis  Mannosylerythritol 
lipids-A 

Listeria monocytogenes Liu et al., 2020 

Cryptococcus humicola and 
Pseudozyma fusiformata 

 Cellobiose lipids pathogenic Cryptococcus and Candida 
species 

Kulakovskaia et al., 
2007 

Streptomyces Polyketides  Pathogenic fungi, various bacteria Risdian et al., 2019 

 

Supplementary 2.  Antimicrobial activities of biosurfactants produced by plants. 

Producer plants Biosurfactant class Biosurfactant type Antimicrobial activity Reference 

Chenopodium quinoa Saponins   Bezerra et al., 2021 

Glycine max Saponins   Bezerra et al., 2021 

Malphiguia ermaginata Saponins 

 

  Bezerra et al., 2021 

Quillaja saponaria Saponins  Asaia spp. biofilm Antolak et al., 2018 

Chenopodium quinoa 
Wild. 

Saponins  Staphylococcus aureus, 
Staphylococcus 
epidermidis, 

B. aureus, 

S. enteritidis, 

P. aeruginosa, 

L. ivanovii 

Dong et al., 2020 

Sapindus mukorossi fruits Saponins Sapindoside B, 

Sapinmusaponin A, 

Sapinmusaponin F, 

Sapinmusaponin N 

B. subtilis, 

B. linens, 

M. luteus, 

S. epidermidis, 

E. coli, 

P. fluorescens 

Sarethy et al., 2015 
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Supplementary 3. Antibiofilm properties of biosurfactants 

Producer microorganism Biosurfactant 
class 

Biosurfactant type Antibiofilm activity Reference 

Endophyte Burkholderia sp.  Glycolipid  Staphylococcus aureus AA et al., 2020 
Paenibacillus polymyxa Lipopeptide Polymyxin D1 

Surfactins 
Bacillus subtilis, Micrococcus 
luteus, Pseudomonas aeruginosa,  
S. aureus, Streptococcus bovis. 

Quinn et al., 2012  

Nesterenkonia sp. Lipopeptide  Staphylococcus aureus Kiran et al., 2017  
Lactobacillus jensenii P6A and 
Lactobacillus 
gasseri P65 

Unclassified  Staphylococcus saprophyticus, 
Enterobacter aerogenes and 
Klebsiella pneumoniae 

Morais et al., 2017 

Bacillus subtilis Lipopeptide  Achromobacter xylosoxidans, 
Alcaligenes faecalis, Pseudomonas 
alcaligenes 

de Souza Freitas et 
al., 2020 

Acinetobacter junii Lipopeptide  Proteus mirabilis, S. aureus, 
Pseudomonas aeruginosa 

Ohadi et al., 2020  

Pseudozyma aphidis Glycolipid Mannosylerythritol lipids S. aureus Shu et al., 2020  
Bacillus velezensis Lipopeptide Surfactin P. aeruginosa, 

E. coli,  
K. pneumoniae,  
S. aureus 

Ali et al., 2022  

Shewanella algae Glycolipid  Bacillus cereus, Streptococcus 
pneumoniae, Pseudomonas 
aeruginosa, Escherichia coli, K. 
pneumoniae, Acinetobacter sp. 

Gharaei et al., 2022 

Lactobacillus acidophilus Unclassified  Chromobacterium violaceum,  
Serratia marcescens, Pseudomonas 
aeruginosa 

Adnan et al., 2023  

Bacillus subtilis B. 
vallismortis 

Lipopeptides Iturin 
Fengycin 
Surfactin 

Malassezia furfur Da Silva et al., 2021 

Pseudomonas plecoglossicida Glycolipid Rhamnolipid S. aureus,  
B. subtilis, Aeromonas hydrophila 

Sabarinathan et al., 
2021  

Bacillus amyloliquefaciens Unclassified  Acinetobacter baumannii Amer et al., 2023  
P. aeruginosa Glycolipid Rhamnolipid Baumannii, 

Enterococcus faecium 
Firdose et al., 2023  

Lactobacillus paracasei  glycolipoprotein E. coli, 
S. aureus, 
Salmonella enteritidis, P. 
aeruginosa, Yersinia enterolitica, 
Proteus mirabilis, 
K. pneumoniae 

Mouafo et al., 2023 
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Supplementary 4.  Development of Biosurfactant formulation strategy  

Formulation strategy Antimicrobial activity Reference 
Liposomes containing biosurfactants S. aureus Giordani et al., 2019  
Toothpaste with biosurfactant and chitosan 
or sodium fluoride 

Streptococcus mutans Resende et al., 2019  

Garlic extract with biosurfactant S. aureus Mohamed et al., 2020  
Chitosan-based nanoparticle  Helicobacter pylori Arif et al., 2021 
Lipopeptides and glycolipids combination albicans 

Staphylococcus spp. 
Ceresa et al., 2021  

Usnic acid-loaded Rhamnolipid vesicle S. aureus Falakaflaki et al., 2022 
Rhamnolipid-coated iron oxide 
nanoparticles 

coli 
S. aureus 

Sharaf et al., 2022  

Glycolipid and antibiotics combination S. aureus 
A. baumannii 

Amirinejad et al., 2023  

Biosurfactant nanoemulsion E. coli 
S. aureus 

Haddaji et al., 2023 
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