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European Journal of Biology (Eur J Biol) is an international, scienti-
fic, open access periodical published in accordance with indepen-
dent, unbiased, and double-blinded peer-review principles. The 
journal is the official publication of Istanbul University Faculty of 
Science and it is published biannually on June and December. The 
publication language of the journal is English. European Journal of 
Biology has been previously published as IUFS Journal of Biology. It 
has been published in continuous publication since 1940.

European Journal of Biology aims to contribute to the literature by 
publishing manuscripts at the highest scientific level on all fields of 
biology. The journal publishes original research and review articles, 
and short communications that are prepared in accordance with 
the ethical guidelines in all fields of biology and life sciences. 

The scope of the journal includes but not limited to; animal  bi-
ology and systematics,  plant biology and systematics, hydro-
biology, ecology and environmental biology, microbiology, cell 
and molecular biology, biochemistry, biotechnology and gene-
tics, physiology, toxicology, cancer biology, developmental and 
stem cell biology.

The editorial and publication processes of the journal are shaped 
in accordance with the guidelines of the International Council of 
Medical Journal Editors (ICMJE), the World Association of Medical 
Editors (WAME), the Council of Science Editors (CSE), the Com-
mittee on Publication Ethics (COPE), the European Association 
of Science Editors (EASE), and National Information Standards 
Organization (NISO). The journal conforms to the Principles of 
Transparency and Best Practice in Scholarly Publishing (doaj.org/
bestpractice). 

Originality, high scientific quality, and citation potential are the 
most important criteria for a manuscript to be accepted for pub-
lication. Manuscripts submitted for evaluation should not have 
been previously presented or already published in an electronic or 
printed medium. Manuscripts that have been presented in a mee-
ting should be submitted with detailed information on the organi-
zation, including the name, date, and location of the organization.

Manuscripts submitted to European Journal of Biology will go 
through a double-blind peer-review process. Each submission 
will be reviewed by at least three external, independent peer 
reviewers who are experts in their fields in order to ensure an 
unbiased evaluation process. The editorial board will invite an 
external and independent editor to manage the evaluation pro-
cesses of manuscripts submitted by editors or by the editorial 
board members of the journal. The Editor in Chief is the final 
authority in the decision-making process for all submissions.

An approval of research protocols by the Ethics Committee in 
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medi-
cal Research Involving Human Subjects,” amended in October 

2013, www.wma.net) is required for experimental, clinical, and 
drug studies. If required, ethics committee reports or an equiva-
lent official document will be requested from the authors. 

For manuscripts concerning experimental research on humans, 
a statement should be included that shows the written informed 
consent of patients and volunteers was obtained following a de-
tailed explanation of the procedures that they may undergo. In-
formation on patient consent, the name of the ethics committee, 
and the ethics committee approval number should also be stated 
in the Materials and Methods section of the manuscript. It is the 
authors’ responsibility to carefully protect the patients’ anonymity. 
For photographs that may reveal the identity of the patients, sig-
ned releases of the patient or of their legal representative should 
be enclosed. 

European Journal of Biology requires experimental research stu-
dies on vertebrates or any regulated invertebrates to comply with 
relevant institutional, national and/or international guidelines. The 
journal supports the principles of Basel Declaration (basel-declara-
tion.org) and the guidelines published by International Council for 
Laboratory Animal Science (ICLAS) (iclas.org). Authors are advised 
to clearly state their compliance with relevant guidelines.

European Journal of Biology advises authors to comply with 
IUCN Policy Statement on Research Involving Species at Risk 
of Extinction and the Convention on the Trade in Endangered 
Species of Wild IUCN Policy Statement on Research Involving 
Species at Risk of Extinction and the Convention on the Trade in 
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All submissions are screened by a similarity detection software 
(iThenticate by CrossCheck).

In the event of alleged or suspected research misconduct, e.g., 
plagiarism, citation manipulation, and data falsification/fabrica-
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Each individual listed as an author should fulfil the authorship 
criteria recommended by the International Committee of Medi-
cal Journal Editors (ICMJE - www.icmje.org). The ICMJE recom-
mends that authorship be based on the following 4 criteria:

1 Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation of 
data for the work; AND

2 Drafting the work or revising it critically for important intel-
lectual content; AND

3 Final approval of the version to be published; AND
4 Agreement to be accountable for all aspects of the work in 

ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved.
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In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-a-
uthors are responsible for specific other parts of the work. In 
addition, authors should have confidence in the integrity of the 
contributions of their co-authors.

All those designated as authors should meet all four criteria for 
authorship, and all who meet the four criteria should be identi-
fied as authors. Those who do not meet all four criteria should 
be acknowledged in the title page of the manuscript.

European Journal of Biology requires corresponding authors to 
submit a signed and scanned version of the authorship contri-
bution form (available for download through the journal’s web 
page) during the initial submission process in order to act ap-
propriately on authorship rights and to prevent ghost or hono-
rary authorship. If the editorial board suspects a case of “gift aut-
horship,” the submission will be rejected without further review. 
As part of the submission of the manuscript, the corresponding 
author should also send a short statement declaring that he/
she accepts to undertake all the responsibility for authorship 
during the submission and review stages of the manuscript.

European Journal of Biology requires and encourages the aut-
hors and the individuals involved in the evaluation process of 
submitted manuscripts to disclose any existing or potential 
conflicts of interests, including financial, consultant, and institu-
tional, that might lead to potential bias or a conflict of interest. 
Any financial grants or other supports received for a submitted 
study from individuals or institutions should be disclosed to the 
Editorial Board. To disclose a potential conflict of interest, the 
ICMJE Potential Conflict of Interest Disclosure Form should be 
filled and submitted by all contributing authors. Cases of a po-
tential conflict of interest of the editors, authors, or reviewers 
are resolved by the journal’s Editorial Board within the scope of 
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and comp-
laint cases within the scope of COPE guidelines. In such cases, 
authors should get in direct contact with the editorial office 
regarding their appeals and complaints. When needed, an om-
budsperson may be assigned to resolve cases that cannot be 
resolved internally. The Editor in Chief is the final authority in 
the decision-making process for all appeals and complaints.

When submitting a manuscript to European Journal of Biology, 
authors accept to assign the copyright of their manuscript to Is-
tanbul University Faculty of Science. If rejected for publication, 
the copyright of the manuscript will be assigned back to the 
authors. European Journal of Biology requires each submission 
to be accompanied by a Copyright Transfer Form (available for 
download at the journal’s web page). When using previously 
published content, including figures, tables, or any other ma-
terial in both print and electronic formats, authors must obtain 
permission from the copyright holder. Legal, financial and cri-
minal liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published in 
European Journal of Biology reflect the views of the author(s) and 
not the opinions of the editors, the editorial board, or the publis-
her; the editors, the editorial board, and the publisher disclaim any 
responsibility or liability for such materials. The final responsibility 
in regard to the published content rests with the authors.

MANUSCRIPT SUBMISSION

European Journal of Biology endorses ICMJE-Recommendations 
for the Conduct, Reporting, Editing, and Publication of Scholarly 
Work in Medical Journals (updated in December 2015 - http://
www.icmje.org/icmje-recommendations.pdf). Authors are requ-
ired to prepare manuscripts in accordance with the CONSORT 
guidelines for randomized research studies, STROBE guidelines 
for observational original research studies, STARD guidelines for 
studies on diagnostic accuracy, PRISMA guidelines for systematic 
reviews and meta-analysis, ARRIVE guidelines for experimental 
animal studies, TREND guidelines for non-randomized public be-
haviour, and COREQ guidelines for qualitative research.

Manuscripts can only be submitted through the journal’s online 
manuscript submission and evaluation system, available at the 
journal’s web page. Manuscripts submitted via any other medi-
um will not be evaluated.

Manuscripts submitted to the journal will first go through a te-
chnical evaluation process where the editorial office staff will 
ensure that the manuscript has been prepared and submitted 
in accordance with the journal’s guidelines. Submissions that 
do not conform to the journal’s guidelines will be returned to 
the submitting author with technical correction requests.

During the initial submission, authors are required to submit 
the following:

• Copyright Agreement Form,
• Author Contributions Form, and

ICMJE Potential Conflict of Interest Disclosure Form (should be 
filled in by all contributing authors). These forms are available 
for download at the journal’s web page.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all 
submissions and this page should include:

• The full title of the manuscript as well as a short title (run-
ning head) of no more than 50 characters,

• Name(s), affiliations, and highest academic degree(s) of the 
author(s),

• Grant information and detailed information on the other 
sources of support,

• Name, address, telephone (including the mobile phone 
number) and fax numbers, and email address of the cor-
responding author,

• Acknowledgment of the individuals who contributed to 
the preparation of the manuscript but who do not fulfil the 
authorship criteria.
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Abstract: Abstract with subheadings should be written as stru-
ctured abstract in submitted papers except for Review Articles 
and Letters to the Editor. Please check Table 1 below for word 
count specifications (250 words).

Keywords: Each submission must be accompanied by a mi-
nimum of three to a maximum of six keywords for subject in-
dexing at the end of the abstract. The keywords should be listed 
in full without abbreviations. 

Manuscript Types

Original Articles: This is the most important type of article 
since it provides new information based on original research. 
A structured abstract is required with original articles and it 
should include the following subheadings: Objective, Materials 
and Methods, Results and Conclusion.  The main text of original 
articles should be structured with Introduction, Materials and 
Methods, Results, Discussion, and Conclusion subheadings. Ple-
ase check Table 1 for the limitations of Original Articles.

Statistical analysis to support conclusions is usually necessary. 
Statistical analyses must be conducted in accordance with in-
ternational statistical reporting standards. Information on sta-
tistical analyses should be provided with a separate subheading 
under the Materials and Methods section and the statistical 
software that was used during the process must be specified.

Units should be prepared in accordance with the International 
System of Units (SI).

Short Communications: Short communication is for a concise, 
but independent report representing a significant contribution to 
Biology. Short communication is not intended to publish prelimi-
nary results. But if these results are of exceptional interest and are 
particularly topical and relevant will be considered for publication.

Short Communications should include an abstract and should 
be structed with the following subheadings: “Introduction”, 
“Materials and Methods”, “Results and Discussion”.

Editorial Comments: Editorial comments aim to provide a brief 
critical commentary by reviewers with expertise or with high 
reputation in the topic of the research article published in the 
journal. Authors are selected and invited by the journal to pro-
vide such comments. Abstract, Keywords, and Tables, Figures, 
Images, and other media are not included.

Review Articles: Reviews prepared by authors who have ex-
tensive knowledge on a particular field and whose scientific ba-
ckground has been translated into a high volume of publicati-
ons with a high citation potential are welcomed. These authors 
may even be invited by the journal. Reviews should describe, 
discuss, and evaluate the current level of knowledge of a topic 
in clinical practice and should guide future studies. The main 
text should contain Introduction, Experimental and Clinical Re-
search Consequences, and Conclusion sections. Please check 
Table 1 for the limitations for Review Articles.

Letters to the Editor: This type of manuscript discusses important 
parts, overlooked aspects, or lacking parts of a previously publis-
hed article. Articles on subjects within the scope of the journal that 
might attract the readers’ attention, particularly educative cases, 
may also be submitted in the form of a “Letter to the Editor.” Readers 
can also present their comments on the published manuscripts in 
the form of a “Letter to the Editor.” Abstract, Keywords, and Tables, 
Figures, Images, and other media should not be included. The text 
should be unstructured. The manuscript that is being commented 
on must be properly cited within this manuscript. 

Tables

Tables should be included in the main document, presented 
after the reference list, and they should be numbered conse-
cutively in the order they are referred to within the main text. 
A descriptive title must be placed above the tables. Abbrevia-
tions used in the tables should be defined below the tables by 
footnotes (even if they are defined within the main text). Tables 
should be created using the “insert table” command of the word 
processing software and they should be arranged clearly to 
provide easy reading. Data presented in the tables should not 
be a repetition of the data presented within the main text but 
should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as se-
parate files (in TIFF or JPEG format with 1200 dpi for graphic and  
600 dpi for colour images) through the submission system. The 
files should not be embedded in a Word document or the main 
document. When there are figure subunits, the subunits should 
be labeled merged to form a single image. Each subunit should 
be submitted separately through the submission system. Images 
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Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Reference limit Table limit Figure limit

Original Article 4500 250 (Structured) No limit 6 Maximum 10

Short Communication 2500 200 30 3 4

Review Article 5500 250 No limit 5 6

Letter to the Editor 500 No abstract 5 No tables No media



should be labeled (a, b, c, etc.) to indicate figure subunits. Thick 
and thin arrows, arrowheads, stars, asterisks, and similar marks 
can be used on the images to support figure legends. Like the 
rest of the submission, the figures too should be blind. Any in-
formation within the images that may indicate an individual or 
institution should be blinded. The minimum resolution of each 
submitted figure should be 300 DPI. To prevent delays in the 
evaluation process, all submitted figures should be clear in reso-
lution and large in size (minimum dimensions: 100 × 100 mm). 
Figure legends should be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be 
defined at first use, both in the abstract and in the main text. The abb-
reviation should be provided in parentheses following the definition.

When a drug, chemical, product, hardware, or software program 
is mentioned within the main text, product information, including 
the name of the product, the producer of the product, and city and 
the country of the company (including the state if in USA), should 
be provided in parentheses in the following format: “Discovery St 
PET/CT scanner (General Electric, Milwaukee, WI, USA)”.

All references, tables, and figures should be referred to within 
the main text, and they should be numbered consecutively in 
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original artic-
les should be mentioned in the Discussion section before the 
conclusion paragraph.

References

While citing publications, preference should be given to the la-
test, most up-to-date publications. If an ahead-of-print publica-
tion is cited, the DOI number should be provided. Authors are 
responsible for the accuracy of references. Journal titles should 
be abbreviated in accordance with the journal abbreviations in 
Index Medicus/ MEDLINE/PubMed. When there are six or fewer 
authors, all authors should be listed. If there are seven or more 
authors, the first six authors should be listed followed by “et al.” In 
the main text of the manuscript, references should be cited using 
Arabic numbers in parentheses. The reference styles for different 
types of publications are presented in the following examples.
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INTRODUCTION

Lamiaceae is a family rich in wild aromatic plant 
species and antioxidant compounds beneficial to 
humans (1). The Lamiaceae family is divided into seven 
subfamilies: Ajugoideae, Lamioideae, Nepetoideae, 
Scutellarioideae, Viticoideae, Symphorematoideae and 
Prostantheroideae, the first five of which are grown in 
Turkey (1). Salvia L. is one of the largest belonging to the 
Lamiaceae (2) and is known as ‘adaçayı (sage)’ in Turkey 
(3). It is known that Salvia taxa, which have antibacterial, 

carminative, stimulant, diuretic, and spasmolytic 
properties, have been used for treatment since the 
earliest times (4-6). Salvia, the diversity of which varies 
according to leaf shapes, calyx structure, length, and 
color of petals, has 100 species and 107 taxa in the flora 
of Turkey (7-10), and Turkey is very important in terms of 
its import and use (11). Salvia absconditiflora Greuter & 
Burdet (Synonym: S. cryptantha Montbret & Aucher ex 
Bentham) is a perennial and endemic plant. The life form 
is the whole adaptation of the plant to the climate, and it 
is assumed in the literature that it develops in response to 
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ABSTRACT

Objective: Salvia absconditiflora Greuter & Burdet is an endemic plant and survives in nature by adapting to extreme 
conditions. The aims of this study are to characterize and compare the diversity in the spectral-chemical structure of 
S. absconditiflora’s plant parts using the FTIR spectroscopy technique, to determine the wettability of the adaxial and abaxial 
epidermal surfaces of S. abscontidiflora leaves and to interpret whether there is a difference between the contact angle 
(CA) measurements at the points determined in the surface area of the leaves from the part close to the petiole to the leaf 
tip. 

Materials and Methods: The ATR-FTIR spectra for the chemical content of S. absconditiflora were obtained from six different 
plant parts and information about their chemical compositions was obtained. CA measurements were carried out for the 
natural events of the leaf area, especially for the water holding capacity or hydrophilic-hydrophobic characteristics. 

Results: The biochemical fingerprint of S. absconditiflora was determined by the analysis of chemical groups in vegetative 
and generative plant parts using ATR-FTIR spectroscopy. The CAs showed that the leaf had a hydrophobic character. In 
addition, leaf hysteresis was determined for each plant part, and it was understood that the lotus effect also appeared in S. 
absconditiflora. 

Conclusion: Detailed biochemical profiling, wettability, and hysteresis reports of S. absconditiflora were created for the first 
time. With this study, important clues about the adaptation of plants to harsh conditions were obtained.

Keywords: ATR-FTIR spectroscopy, contact angle, gypsum, hysteresis, Salvia leaf  
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environmental conditions (12). The life form of S. absconditiflora, 
which generally spreads on rocky limestone slopes, dry steppes, 
fallow fields, and roadsides, is hemicryptophyte (13) and its 
flowering time is from May to August.

Gypsum habitats with rare, threatened, and endemic plants 
are one of the most illustrative examples of natural stressful 
environments (14). Depending on the substrate factor, gypsum 
plants are faced with both the physical and chemical stress 
of the soil and arid climatic conditions. For plants growing in 
gypsum soils containing CaSO4.2H2O, soil salinity is also a con-
sideration (14). When plants are exposed to salinity, certain 
biochemical changes occur in plant tissues which maintain an 
osmotic balance between soil and these tissues. These changes 
cause the accumulation or loss of biochemicals such as carbo-
hydrates, amines, and lipids (15). Plants develop morphological, 
physiological, ecophysiological, and biochemical adaptations 
to tolerate substrate factors such as soil salinity. Examining the 
properties of leaves under salt stress is an important way to 
study abiotic stress situations (16).

The use of infrared (IR) spectroscopy in biological samples dates 
to the 1950s (17). After the development of IR spectroscopy, 
Fourier transform infrared (FTIR) spectroscopy became a valu-
able instrument for distinguishing and identifying different sam-
ples (18). Attenuated total reflection-Fourier transform infrared 
(ATR-FTIR) spectroscopy is also a tool with many advantages due 
to features such as being able to perform the analysis in a short 
time without the need for sample dilution and more frequent 
reproducibility (19). Furthermore, in ATR-FTIR spectroscopy, ATR 
measurement is independent of sample thickness and can be 
measured even when the biological sample is small (20).

The fact that FTIR spectroscopy allows the investigation of 
biological samples as well as gases, liquids, and solids, has made 
it powerful (18). FTIR provides effective data on the molecular 
structure and chemical composition of biological samples. 
These fingerprints even make it possible to trace changes in the 
molecular composition of human cancer diseases today (21).

In addition to its use in human health, FTIR is also used to monitor 
plant physiological processes such as environmental stress, leaf 
senescence, and aging (22). Wahab et al. reported that FTIR 
helped identify the use of Cactus leaves fibers in wastewater 
treatment for ammonium removal as a recycling strategy 
(23). Palacio et al. investigated the ability of gypsum plants to 
distinguish groups by comparing the main chemical groups in 
the leaves of plant groups specialized for gypsum habitats with 
the help of FTIR spectroscopy (24). Woutersen et al. interpreted 
the evolutionary history of Nitraria by determining the chemical 
composition of pollen walls with FTIR spectroscopy (25). To 
understand the osmotic balance between the roots, which are 
the most important organs in the connection of plants with 
the soil, and the soil solution, biochemicals are determined 
with expensive equipment such as HPLC and GS-MS (26), 
together with xylem sap analysis (27). However, the use of FTIR 
spectroscopy in stress studies is recommended more due to its 
advantages such as time efficiency and cheapness (15).

Wetting, which occurs because of the interaction of water 
with a surface, has a critical importance in plants. The water 
contact angle (CA) with the surface is the angle at which water, 
air, and solid meet, and it is also a measure that represents 
the probability of the surface being wetted by water (28). 
Leaf wetting is effective in reducing water loss from intense 
transpiration, thus limiting water depression by keeping the 
relations between the plant and water in balance (29-30). The 
plant surfaces exhibit hydrophobic or hydrophilic properties 
depending on their affinity for wetness (31). As the surface 
hydrophobicity increases, the contact angle hysteresis (CAH) 
decreases in parallel with the increase in water contact angles 
(CAs) (32). Super hydrophobicity is very important in wetting 
studies, where both the water contact angle is greater than 150° 
and the hysteresis is less than 10°. Super hydrophobicity is often 
associated with very low adhesive surfaces. The best example 
of a low stickiness surface and super hydrophobicity is the lotus 
effect, which comes from the waterproofing of the lotus leaf. 
The lotus effect was first described by Neinhuis and Barthlott 
(33), and it was reported that the water-repellent effect of the 
lotus leaf resulted from its complex morphology. Studies on 
hydrophobic natural surfaces were generally inspired by the 
lotus leaf (34) and Salvia was interpreted for the first time.

In this study, endemic S. absconditiflora Greuter & Burdet 
growing in gypsum habitats was examined. To the best of 
our knowledge, there are no literature reports regarding 
the FTIR spectroscopy analysis and CA measurements of 
S. absconditiflora. Two main objectives of this study 
were: (i) to characterize and compare the diversity in the 
spectral-chemical structure of vegetative and generative 
organs of S. absconditiflora using the FTIR spectroscopy 
technique; and (ii) to determine the wettability of the adaxial 
and abaxial epidermal surfaces of S. abscontidiflora leaves and 
to interpret whether there is a difference between the CAs at 
the points determined in the surface area of the leaves.

MATERIALS AND METHODS

Species Selection and Study Area
The endemic Salvia absconditiflora samples were collected 
from around the Aşağıpelitözü village (950-1000 m a.s.l., 40°29’ 
N, 33°41’ E) in the Çankırı province in the northern part of 
Central Anatolia from May to June 2021 (Figure 1). In this study, 
S. absconditiflora was taken from gypsum areas (Figure 1d). After 
it was brought to the laboratory, it was freed from residues. 
Damaged plant parts were not included in the analysis. The 
plant was identified taxonomically according to Davis et al. 
(35). The plant material identification was determined by the 
author (A. Kayabaş). After plant identification, the vegetative 
and generative parts were dried in a shady and ventilated room. 
The plant samples were stored in Çankırı Karatekin University  as 
part of a personal collection. When evaluated climatically, the 
climate in Çankırı, which is approximately 250 km away from 
the sea, is continental and a semi-arid climate prevails (36). 

When examined geologically, gypsum formations are common 
in the Çankırı province and its surroundings (36).
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ATR-FTIR Spectroscopic Analysis
The infrared spectra of the dried root, stem, leaf, petiole, and 
flower were obtained using ATR-FTIR spectroscopy, model 
Thermo Nicolet 6700, supplied by OMNIC software and 
recorded at room temperature in the wavenumber range from 
400 to 4000 cm-1 at a resolution of 4 cm-1, accumulating 32 scans 
per spectrum.

Leaf CAs Measurement
The CA measurements of the S. absconditiflora leaves were 
carried out at room temperature using a Krüss DSA 100 
goniometer. A drop of deionized water (4 μL, 18 MΩ cm 
resistivity) was used as the wetting liquid. Three contact angle 
values were obtained from three different parts between the 
petiole and the leaf tip and then averaged. The leaf veins were 
avoided in the measurements.

RESULTS 

ATR-FTIR spectroscopy gave detailed results for the analysis 
of organic matter chemical groups in the vegetative and 
generative plant parts of S. absconditiflora. The results 
contributed to the determination of the biochemical 
fingerprint of S. absconditiflora. Starting from the root of 
S. absconditiflora, the ATR-FTIR spectra of each plant part were 
taken. The ATR-FTIR spectra of the root, stem, petiole, leaf, sepal, 
and petal are shown in Figure 2. Although there were partial 
shifts in the band regions seen in the ATR-FTIR spectra, it was 
determined that there was not much change. It was found that 
the chemical groups of the ATR-FTIR spectra for each segment 
were similar and the band regions were close (Table 1). It was 
determined that there were changes in the intensities of only 
some chemical groups ranging from the root to the petal. 

It was determined that the S-O bending bands in the ATR-FTIR 
spectrum were caused by gypsum and sulphate, and the range 
of these bands was between 602-595, 680-675, and 690-630 
cm-1 respectively. The bands of calcium carbonate and alkane 
groups were found in the range of 730-710 cm-1. Calcium oxalate, 
lignin, and calcium carbonate sourced bands were seen in 780-
775 (COO- bending), 832-825 (aromatic CH out of plane) and 
879-872 cm-1 (C-O plane banding) bands, respectively. The band 
C-O stretching, and O-H deformation band of polysaccharides 
were detected at 1015-1005 cm-1. Stretching bands in silicates, 
phosphates and sulphates were seen significantly at 1150-950 

Figure 1. Salvia absconditiflora Greuter & Burdet (Photos by A. 
Kayabaş) a. Plant habit, b. Early-stage of plant, c. Late-stage of 
plant d. Gypsum habitat in which the species grows.

Figure 2. ATR-FTIR spectra of different parts of Salvia absconditiflora.
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Table 1. Characteristic bands of ATR-FTIR spectra at Salvia absconditiflora.

Salvia absconditiflora Wavenumbers 
(cm-1)/

Chemical Group/ 
Compound type

Ref.
Root (cm-1) Stem (cm-1) Petiole (cm-1) Leaf (cm-1) Sepal (cm-1) Petal (cm-1)

(669, 600) (667, 600) (667, 600) (668, 598) (667, 597) (665, 599) 669, 597 
S-O bending,
Gypsum

(38)

(680-630) x (690-650) (690-650) (680-650) (680-650) 680-610 
S-O bending,
Sulphates

(37)

(720) x (720) (717) (715) (710) 715 
C-O in-plane bending,
Calcium carbonate

(39)

(730) (729) (729) (730) (730) x 720 
CH2 wag,
Long chain (> C4) alkanes

(24)

(775) (779) (775) (780) (780) (778) 780 
COO- bending,
Calcium oxalate

(42)

(830) (832) (830) (827) (825) (820) 835 
Aromatic CH out of plane, 
Lignin

(40)

(875) (876) (875) (879) (879) (872) 874 
C-O plane bending,
Calcium carbonate

(41)

(1015) (1010) (1008) (1020) (1008) (1010) 1050 
(1030-1080) Combination 
of C-O stretching and 
O-H deformation, 
Polysaccharides

(43)

(1085-910) (1080-920) (1080-920) (1080-930) (1090-910) (1090-950) 1100-950 
Si-O stretching,
Silicates

(44)

(1080-915) (1080-920) (1080-915) (1080-930) (1090-910) (1090-950) 1100-1000 
P-O stretching, 
Phosphates

(44)

(1135-1080) (1130-1080) (1160-1130) (1180-1130) (1170-1135) (1180-1030) 1140-1080 
S-O stretching, Sulphates

(44)

(1265-1220) (1280-1200) (1260-1205) (1260-1215) (1280-1200) (1280-1210) 1265-1240 
C-O-C stretching Esters
………..
C-N stretching Amide III

(45)

(1265-1220) (1280-1200) (1260-1205) (1260-1215) (1280-1200) (1280-1210) (46)

(1268) x (1268) (1271) (1250) (1260) ~1265 
C-O stretching of 
phenolic and/or aryl-
methyl ethers, Indicative 
of lignin backbone

(48)

(1318) (1318) (1316) (1318) (1317) (1316) 1312 
C-O stretching, Calcium 
oxalate

(47)
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Table 1. Characteristic bands of ATR-FTIR spectra at Salvia absconditiflora. (continued)

Salvia absconditiflora Wavenumbers 
(cm-1)/

Chemical Group/ 
Compound type

Ref.
Root (cm-1) Stem (cm-1) Petiole (cm-1) Leaf (cm-1) Sepal (cm-1) Petal (cm-1)

(1450, 1370) (1458, 1373) (1455, 1374) (1457, 1373) (1450, 1375) (1453, 1372) 1371-1450 
C-H deformations, 
Phenolic (lignin) and 
aliphatic structures

(24)

(1429) (1430) (1434) (1434) (1435) (1420) 1426 
Symmetric C-O stretch 
from COO- or stretch 
and OH deformation, 
Carboxylate/Carboxylic 
structures (humic acids)

(49)

(1440-1410) (1450-1425) (1445-1425) (1470-1435) (1450-1425) (1450-1420) 1450-1410 
C-O stretching, Calcium 
carbonate

(51)

(1510-1505) (1510-1500) (1511-1502) (1510-1504) (1511-1502) (1512-1505) 1505-1515 Aromatic C = 
C stretching,
Lignin/Phenolic 
backbone

(24)

(1555) (1550) (1555) (1558) (1557) (1558) 1550 
N-H in plane (amide-II), 
Proteinaceous origin

(50)

(1600-1650) (1630-1580) (1630-1580) (1630-1585) (1620-1590) (1640-1600) 1600-1650 (1610)
Aromatic C = C stretching 
and/or asymmetric C-O 
strech in COO-, Lignin 
and other aromatics, 
or aromatic or aliphatic 
carboxylates

(61)

(1617) (1617 cm-1) (1617 cm-1) (1614 cm-1) (1617 cm-1) (1622 cm-1) 1615 
C = O streching, Calcium 
oxalate

(52)

(1653) (1655) (1651) (1655) (1647) (1652) 1653 
C = O of amide I, 
Proteinaceous origin

(53)

(1707-1703) (1720-1710) (1720-1710) (1710-1700) (1710-1700) (1710-1695) 1710-1707 
C = O stretch of COOH,
Carboxylic acids

(61)

(1735-1730) (1740-1720) (1740-1720) (1740-1720) (1740-1718) (1740-1720) 1740-1720 
C = O strech of COOR, 
Esters

(45)

(2850) (2850) (2850) (2850) (2850) (2850) 2850 
symmetric CH2 stretching 
Fats, waxes, lipids

(56)

(2920) (2920) (2920) (2920) (2925) (2925) 2920
antisymmetric CH2 
stretching Fats, waxes, lipids

(57)

x x x x x x 3340 
O-H stretching, Cellulose

(55)

(3500-3000) (3500-3000) (3500-3000) (3500-3000) (3500-3000) (3620-3000) 3600, 3400 
O-H stretching, Gypsum

(54)
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cm-1. It is thought that these bands overlap each other since these 
bands are seen distinctly and are also in the fingerprint region. 
C-O-C and C-N stretch bands in lignin and amide-III structures 
were detected at 1280-1200 cm-1. Lignin, calcium oxalate, 
phenolic and aliphatic structures, carboxylate structures were 
referred to C-O stretch (1275-1265 cm-1), C-H deformation 
(1450-1371 cm-1), symmetrical C-O, COO- and OH deformation 
bands (1434-1426 cm-1). C-O stretching, aromatic C=C 
stretching, and N-H bands, which belong to calcium carbonate, 
lignin/phenolic, and proteinaceous origin, were determined 
at 1450-1410, 1505-1502, and 1560-1550 cm-1, respectively. 
The aromatic C=C band containing lignin and other aromatic 
structures, carbonyl band originating from calcium oxalate, 
and protein bands known as carbonyl amides were detected at 
1640-1580, 1620-1615, and 1655-1650 cm-1. The carboxylic acid 
carbonyl stretch band and carbonyl band of esters were also 
determined at 1710-1700 and 1750-1715 cm-1.

Bands of hydroxyl chemical groups originating from gypsum 
and cellulose were seen in plant parts from root to flower. The 
intensity change graph of the hydroxyl bands is shown in Figure 
3a. Accordingly, the hydroxyl band intensity from root to petal 
was calculated as 3240, 3170, 2570, 1410, 5040, and 8560 a.u. 
(arbitrary units), respectively. Band intensities were determined 
to be different for each region. The bands belonging to symmetric 
and antisymmetric aliphatic carbon groups, which are considered 
as the main source of oils, waxes, and lipids were also observed at 
2920 and 2850 cm-1 (Figure 3b). The intensity of these bands also 
differed according to the regions of the plant. Band intensities 
were measured as 1520, 660, 1400, 2160, 1260, and 750 a.u. from 
root to petal. These results show that the band intensity changes 
for each part, which is valid for the hydroxyl band.

CA measurements were taken to understand the chemical 
composition of the leaf surfaces and their hydrophobic-
hydrophilic interactions. The leaves were measured at regular 
intervals for CA measurements. The CA of the leaves divided 
into three regions from the petiole to the tip of the leaf 
was measured. According to these measurements, the CA 
measurements of the abaxial surface of the leaf from the petiole 
to the leaf tip were found to be 99.14±3.05o, 98.42±4.41o and 
97.78±2.18o, respectively (Figure 4).

Three regions were selected for the adaxial surface of the 
leaf, and CA measurements were made for these regions. In 
this context, the CA measurement results were measured 
as 98.02±4.42o, 95.09±4.17o and 89.98±4.04o in the regions 
determined from the petiole to the leaf tip (Figure 5). The CA 
measurement values on the adaxial surface differed more than 
the abaxial surface.

Figure 3. Peak intensities of hydroxyl (a) and aliphatic groups (b) at Salvia absconditiflora.

Figure 4. Contact angle measurements of the leaf abaxial surface 
at Salvia absconditiflora.

Figure 5. Contact angle measurements of the leaf adaxial surface 
at Salvia absconditiflora.
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Contact angle hysteresis (CAH) values, a measure of surface 
roughness that can be determined by CA measurements, were 
also calculated. Leaf surfaces were considered for hysteresis 
values. For the CAH of the abaxial and adaxial surfaces, the 
differences between the values of the advancing and receding 
CAs taken from three different regions of each surface were 
taken. The CAH values of the adaxial and abaxial surfaces of the 
leaf were different (Table 2).

This study aims to investigate the chemical profile and 
wettability of S. absconditiflora. In this context, a series of results 
based on ATR-FTIR spectroscopy and CA measurements were 
obtained. With the help of ATR-FTIR, the chemical profile of 
the S. absconditiflora was obtained and the types of possible 
chemical structures in this plant were determined. In particular, 
the ATR-FTIR spectra taken from the root, stem, petiole, leaf, 
sepal, and petal of the S. absconditiflora were compared, 
and which chemical components were more abundant was 
determined by the change of band intensities.

In the ATR-FTIR spectra from the plant parts of S. absconditiflora, 
the bands were similar, but there were variations in the 
intensities and wavenumbers of some bands. The values of the 
shifts in the bands are given in Table 1. It is thought that the 
shifts in the number of waves seen in the bands detected in 
the ATR-FTIR spectra do not change much chemically, but the 
change in band values may be because of the extreme habitat 
in which this plant species lives.

The changes in band intensities show that S. absconditiflora 
contains different amounts of chemicals in each plant part. 
The intensities of the bands belonging to the hydroxyl and 
aliphatic groups, in which the band area can be easily detect-
ed, were compared among the spectra. It was calculated that 
the hydroxyl band had different areas ranging from the root to 
the petal. This proves that the amount of gypsum or cellulose 
in the plant varies according to the plant parts (Table 1, Figure 
3a). Band intensities for the relative amounts of oils, lipids and 
waxes compounds were calculated from the ATR-FTIR spectra. 
It was determined that the band intensities changed according 
to the chemical amounts in each plant part (Table 1, Figure 3b).

As a result of the CA measurements taken from different parts 
of the S. absconditiflora leaf, it was observed that there were 
more changes, especially on the adaxial surface compared to 
the abaxial surface. The difference between the CAs changed 

more from region to region on the adaxial surface. The CA on 
the abaxial surface showed a change of about 10o from petiole 
to leaf tip. Contrary to this situation, on the abaxial surface, a 2o 
change was observed in the CAs. It can be said that the stability 
of the CA in the abaxial part of the leaf is due to less contact 
with environmental conditions than the adaxial surface. The 
source of the changes in the CA on the adaxial surface may be 
because the sun’s rays do not touch the leaf surface at the same 
angle. It is thought that the sun’s rays remove the water on the 
leaf, making it more hydrophobic than the abaxial surface.

When the hydrophobicity of the S. absconditiflora leaf is 
examined in detail, CAs on the adaxial surface of the leaf is 
average ~ 94°, while it is average ~ 98° on the abaxial surface 
(AdaxialCA<AbaxialCA). It can be said that the adaxial and abaxial 
surfaces of the S. absconditiflora leaf are hydrophobic according 
to the results of the CAs (Adaxialhidrofobicity< Abaxialhidrofobicity). 
However, while the CA was higher on the adaxial surface of 
the leaf, the hysterization of the abaxial surface of the leaf was 
higher (Adaxialhysterise>Abaxialhysterise). The hysterization of the 
adaxial surface of the leaf averages ~4.6°, while the abaxial 
surface averages ~3.2°. 

DISCUSSION

The chemical groups and band intensities of the root, stem, 
leaf, petiole, sepal, and petal of S. absconditiflora were measured 
by using ATR-FTIR. In the literature, bands have been reported 
for calcium, sulphate, silicate, phosphate, polysaccharide, lipid, 
aromatic compounds, phenolic compounds, and protein-based 
structures in the ATR-FTIR spectra taken especially for gypsum 
plants (24,37-53). Band intensities varied between plant parts 
from root to flower. Palacio et al. reported that band densities 
of wide and narrow gypsum plants varied between ecological 
plant groups (24). In this study, it was understood that the 
band types did not change much in the ATR-FTIR spectra 
taken for the vegetative and generative plant parts of the 
S. absconditiflora, but the band intensities differed. In this case, 
where the hydroxyl band of gypsum (54,55), whose intensity can 
be measured, differs for each plant parts, it was shown that the 
amount of gypsum varied in the root, stem, leaf, petiole, and flower. 
Likewise, the observation of differences in the band intensities 
of symmetric and asymmetrical aliphatic carbons, which are the 
basis of oils, waxes, and lipids, showed that the plant parts have 
different chemical contents (56,57). In general, the presence of 
each specific band was detected in the ATR-FTIR spectra taken, 

Table 2. Hysteresis values.

Abaxial Adaxial

Regions Hysteresis values Regions Hysteresis values

Leaf tip 6.25 Leaf tip 8.20 

Middle region of the leaf 1.05 Middle region of the leaf 1.67

Petiole 2.17 Petiole 4.06
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but it was understood that the same trend was observed for all 
plant parts where the band intensities were different.

Since gypsum plants grow in gypsum soils, they have the 
potential to be an accumulator of calcium and sulfur (58). Ozdemir 
et al. reported the presence of the calcium mineral in Gypsophila 
taxa and that it can be used as an accumulator (59). The presence 
of chemical bands in calcium carbonate and calcium oxalate 
compounds, which are thought to be calcium sources for each 
plant part in the ATR-FTIR spectra, indicates that S. absconditiflora 
may be an accumulator in terms of calcium content. Another 
mineral frequently seen in gypsum plants is sulfur and it 
has been reported that it can act as an accumulator (58). 
Sulfur-derived bands, especially in the structure of sulphates, 
were detected in each of the plant parts and it was understood 
from the band intensities that this plant species is rich in terms of 
the sulfur mineral. In addition to these two minerals, the presence 
of organic compounds (aromatic, phenolic, etc.) and protein-
based structures revealed that the plant species is also rich in 
organic compounds (24). The high intensities of the hydroxyl 
bands originating from gypsum indicate that the water content 
and gypsum content of S. absconditiflora are high. In terms 
of adaptation to harsh conditions, the presence of important 
minerals in S. absconditiflora, as well as the presence of organic 
compounds, will help in the process of understanding adaptation.

Wang et al. observed that the CAs and hysterization of the 
adaxial and abaxial surfaces on the lotus leaf were also different 
and mentioned two types of surface descriptions of plants with 
hydrophobic properties and stated that leaves such as lotus 
exhibited a typical feature in investigating the hydrophobicity of 
various plant leaves (32). The hydrophobicity and hysterization 
of the S. absconditiflora leaf support the results in the lotus leaf. 
Legrand et al. also recorded the hydrophobicity and hysteresis 
of three natural leaves, describing their wetting behavior, 
and modeled the relationship between surface roughness, 
wettability, and leaf behavior (34). Hysteresis values also help 
to prove the existence of inorganic compounds in the plant. 
Katata and Held tested the presence of inorganic compounds 
in a spruce forest with the hysteresis effect (60). The structure of 
superhydrophobic surfaces such as lotus leaves and rose petals 
is due to the fine architectural features created by nature, and 
the superhydrophobic behavior of these organic surfaces in 
fields such as chemistry has also inspired the creation of surfaces 
with synthetic molecules (62). This study, inspired by the lotus 
effect of the S. absconditiflora plant, which has a surface feature 
like a lotus leaf, can contribute to the formation of synthetic 
surfaces in other fields of science. As well as contributing to the 
formation of synthetic molecules, knowing the morphology 
and wettability of the leaf also guides the retention of pesticides 
used in sustainable agriculture on the leaf (63). Similar studies 
are also important in agriculture as well as plant ecology. 

CONCLUSION

In summary, in the first step of this study, the chemical 
profile of the root, stem, petiole, leaf, sepal, and petal of 

S. absconditiflora was extracted using the ATR-FTIR technique. 
Using this technique, possible compounds that might be 
found in the structure of the plant were determined. Due to 
the different band intensities of each plant part in terms of 
compound content, it was understood that the compound 
amounts of each structure was different from region to region. 
In the second stage, detailed wettability, and hysteresis 
results of the abaxial and adaxial surfaces of the leaves were 
evaluated. The leaves were divided into three different regions 
on the petiole up to the tip, and CA measurements were made 
for both sides (adaxial and abaxial). It was determined that 
the adaxial surface was more hydrophobic than the abaxial 
surface, and the CAs were less stable. It was discussed that this 
situation will play a key role in understanding the adaptation of 
the S. absconditiflora plant to extreme conditions. At the same 
time, by calculating the hysteresis results of the surfaces, it was 
announced that this plant species has similar characteristics as 
the lotus plant. As a result, detailed wettability, and hysteresis 
profiles of both chemical and leaves of the S. absconditiflora 
plant were created for the first time in the literature. With this 
study, important clues about the adaptation of plants to harsh 
conditions were obtained. Thus, this study paves the way for 
many future studies to determine what kinds of chemical 
structures and wettability parameters are required to prevent 
the future extinction of plant species that cannot keep up with 
extinction or difficult conditions in the world.
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INTRODUCTION

The Corona Virus Disease 2019 (COVID-19) is charac-
terized by a variety of clinical features ranging from 
asymptomatic acute respiratory distress to multi-organ 
dysfunction (1,2). The SARS CoV-2, which has a high risk 
of transmission and death rate, caused 289 million peo-
ple to become ill and 5.44 million people to die in the 
last two years (3). The etiological agent of COVID-19, the 
SARS CoV-2 virus is positive polarity, single-strand RNA 
virus with a genome of 29.9 kb (4). The SARS CoV-2 ge-
nome consists of two overlapping open reading frames 

(ORF1ab and ORF1a), four structural proteins (spike, 
envelope, nucleocapsid, membrane) and six accessory 
proteins (ORF3a, ORF6, ORF7a, ORF7b, ORF8 and ORF10) 
(5). Open reading frames are involved in the continuous 
synthesis of 16 non-structural proteins (nsps) that play 
important roles in the viral life cycle (6). SARS CoV-2 
helicase (non-structural protein 13/nsp13) catalyzes a 
5’–3’ direction unwinding process in the presence of 
nucleotide three phosphate to transform duplex oligo-
nucleotides (RNA or DNA) into single strands. Helicase, 
which is essential for the life cycle of the virus, is one of 
the important structural targets for therapeutic agents 
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ABSTRACT

Objective: Coronavirus Disease 2019 (COVID19) is a viral disease caused by Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS CoV-2). The high mutation propensity of the SARS CoV-2 genome is one of the biggest threats to the long-term validity 
of treatment options. Helicases are anti-viral targets because of the vital role they play in the viral life cycle. In this study, 
changes in the protein structure caused by SARS CoV-2 nsp13 mutations were investigated to contribute to the development 
of effective antiviral drugs. 

Materials and Methods: Genome data of 298 individuals located in the China location were examined. The mutant model 
was built using deep learning algorithms. Model quality assessment was done with QMEAN. Protein stability analyses were 
performed with DynaMut2 and Cutoff Scanning Matrix stability. Changes in substrate affinity were performed with Haddock 
v2.4.

Results: In this study, twenty-eight mutations in nsp13 were identified (23 sense, 5 missense). The changes in protein 
structure caused by the five missense mutations (Leu14Phe, Arg15Ser, Arg21Ser, Leu235Phe, Ala454Thr) were modeled. The 
mutations caused a decrease in the stability of SARS CoV-2 helicase (-0.99, -1.66, -1.15, -0.54, and -0.73 for Leu14Phe, Arg15Ser, 
Arg21Ser, Leu235Phe, Ala454Thr, respectively). The mutations reduced the helicase's affinity to the substrate. The docking 
scores for wild-type and mutant helicase were -84.4±1.4 kcal.mol-1 and -71.1±6.7 kcal.mol-1, respectively.

Conclusion: Helicase mutations caused a decrease in the protein stability and nucleic acid affinity of the SARS CoV-2 helicase. 
The results provide important data on the development of potential antivirals and the effect of mutation on the functions of 
viral proteins.
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(7,8). Helicase plays an active role in the replication process of 
the SARS CoV-2 in the host together with RNA-dependent RNA 
polymerase. Helicases have additional biological roles such as 
transcription, mRNA splicing, mRNA export, RNA stability, trans-
lation, mitochondrial gene expression, and nucleic acid pack-
aging into virions (9). The high mutation risk of the SARS CoV-2 
genome, like with other RNA viruses, poses a major threat to the 
validity of therapeutic options. Modeling changes induced by 
mutations in the viral proteome supports the development of 
potent antivirals (10-12). 

The changes in the helicase structure caused by nsp13 muta-
tions of SARS CoV-2 were investigated to develop robust and 
valid therapeutics, in this study.

MATERIALS AND METHODS

Sequence Data and Mutation Analysis
The genome sequence data for the samples were obtained 
from the NCBI Virus database. The genome data of 12,218 in-
dividuals located on the Asian continent were examined and 
the sequence data from 298 individuals from the China loca-
tion was used for analysis in this study. Reference sequence 
data for the genome and protein was used NC_045512.2 and 
YP_009725308.1, respectively (4). The sequence data was 
aligned with the MAFFT (v7.490) multiple sequence align-
ment program FFT-NS-i algorithm (13). The scoring matrix 
BLOSUM 80, and 1 PAM was chosen for the amino acid se-
quences, and nucleotide, respectively (14,15). The gap open-
ing penalty was used as 2.0. The mutated residues were ana-
lyzed MegaX (16). 

Tertiary Structure of Mutant Protein and Protein Stability 
Analysis
The tertiary structure of mutant nsp13 was generated by the 
method of homology modeling using RoseTTAFold (17). The 
7NIO (pdb accession code) was selected as a template (18). 
The QMEAN was used for structural validation and model of 
mutant nsp13 (19). Superimpose and conformational analyses 
of the wild-type and mutant helicase were performed with the 
PyMOL (ver2.4.1) and NGL viewer (20). Topological differences 
of wild-type and mutant nsp13 proteins were calculated with 
the i-Tasser TM-Score and root mean square deviation (RMSD) 
algorithm (21). An analysis of changes in protein stability was 
performed using the DynaMut2 and mutation Cutoff Scanning 
Matrix (mCSM) (22,23). The mCSM provides graph-based struc-
tural signatures, which is used to examine the effect of muta-
tions on protein stability and interaction. The mCSM, extend-
ing the inter-residual signature to an atomic level, is a protein 
structural tool used for large-scale protein function prediction 
and structural classification. The mCSM workflow consists of: 
collection and preprocessing of thermodynamic and structural 
data, extraction of residue environments, signature calculation 
and noise reduction, supervised learning, and mutation effect 
estimation and validation (24,25). Another approach used to 
analyze missense mutations’ impact on protein stability was 
DynaMut2, which uses protein dynamics, wild-type residue 

environment, substitution trends and contact potential scores, 
and interatomic distance data to train and test machine learn-
ing algorithms (22). Non-covalent molecular interactions were 
calculated using Arpeggio (26).

Docking 
The change in helicase – nucleic acid affinity after the muta-
tion was evaluated using the Haddock version 2.4 (27). The 
active site for the helicase were residues number 288, 289, 
290, 320, 374, 375, 404, 442, 443, 540, 567. A number of struc-
tures for rigid body docking was set to 1000. A number of 
trials for rigid body minimization was set to 5. A number of 
structures for semi-flexible refinement was set to 200. Re-
fined with short molecular dynamics in open solvent using 
water. The clustering method was selected Fraction of Com-
mon Contacts (FCC). The RMSD cutoff for clustering was set 
to 0.6 Å. The Kyte-Doolittle hydrophobicity scale method was 
used for solvating. A cutoff distance (proton-acceptor) to 
define a hydrogen bond was set to 2.5 Å. A cutoff distance 
(carbon-carbon) to define a hydrophobic contact was set to 
3.9 Å. The docking results were visualized with Discovery SV 
(ver20.1, DDS Biovia). 

RESULTS 

A mutation analysis revealed that there were 23 sense and 5 
missense (Leu14Phe, Arg15Ser, Arg21Ser, Leu235Phe, and Ala-
454Thr) mutations in the helicase of SARS CoV-2 from Chinese 
isolates (Table 1). The mutant nsp13 protein was modeled 
using the deep learning-based modeling approach, RoseTTA-
Fold. The Tm-score was 0.9787. The mutations caused changes 
in protein conformation and topological structure (rmsd 0.325 
Å) (Figure 1). The five mutations causing amino acid changes 
showed a destabilizing effect in the helicase structure (-0.99, 
-1.66, -1.15, -0.54, and -0.73 kcal.mol-1 respectively). The muta-
tions changed the bond conformation between the residues, 
forming the tertiary structure (Figure 2). After the Leu14Phe 
mutation, two interactions (Phe14-Cys26 and Phe14-Cys27) 
that were not in the wild-type appeared in the tertiary struc-
ture of the mutant helicase (Figures 2a and b). Increased in-
ter-residual bond interaction may limit the movement of the 
helicase N-terminal domain. The Arg15Ser mutation reduced 
the local tertiary conformation provided by seven hydropho-
bic, nine polar, and one Van der Walls interactions in the wild 
protein to four polar and one hydrogen bond in the mutant 
protein (Figures 2c and d). The Arg21Ser mutation revealed 
the most striking reduction in terms of tertiary structure bond 
formation. The wild-type helicase, which demonstrated nine 
different interactions with five amino acids at position twen-
ty-one, made single amino acid and single bond interaction 
in the mutant protein (Figures 2e and f ). Although the Le-
u235Phe mutation abolished the hydrogen bonds between 
235-Leu132 and 235-Ser385, it revealed an increase in polar 
and hydrophobic interactions (Figures 2g and h). The Ala-
454Thr mutation introduced an additional Asn459 polar inter-
action, which was not in wild-type (Figures 2i and j). 



13

Eur J Biol 2022; 81(1): 11-17
Akbulut. Helicase Mutations Decreased Substrate Affinity

The mutations caused a decrease in the nucleic acid affinity of 
helicase (lowest ΔΔG -84.4±1.4 kcal.mol-1 and -71.1±6.7 kcal.
mol-1 for wild-type and mutant, respectively) (Table 2). The 
Z-scores suggested that the mutant docking pattern was more 
accurate and successful (-1.4 and -2.1 for wild-type and mutant, 
respectively). This result showed a nice correlation between the 
intermolecular energy of our solutions and the FCC between 
these solutions and the target (Figure 3). 

DISCUSSION

The helicase enzyme, a motor protein, causes the unwinding 
of double-stranded nucleic acids along the 5’-3’ direction 
during biological processes such as recombination, replica-
tion, and repair (28). The SARS CoV-2 helicase interacts with 

Table 1. SARS CoV-2 helicase mutations in Chinese isolates.

Genomic Location Codon Change Mutation Sense/Missense

16255 GTA > GTT Val6Val sense

16279 TTT > TTA Leu14Phe missense

16280 CGA > AGA Arg15Arg sense

16282 AGT > AGA Arg15Ser missense

16297 ATT > ATA Ile20Ile sense

16298 AGT > CGT Arg21Ser missense

16300 CGG > CGT Arg21Arg sense

16342 ATT > ATA Ile35Ile sense

16364 CTG > TTG Leu43Leu sense

16420 ACA > ACT Thr61Thr sense

16450 TAC > TAT Tyr71Tyr sense

16498 GGT > GGA Gly87Gly sense

16567 GCT > GCA Ala110Ala sense

16601 CTA > TTA Leu122Leu sense

16762 CCT > CCA Pro175Pro sense

16769 AGA > CGA Arg178Arg sense

16879 ACT > ACA Thr214Thr sense

16894 TTG > TTA Leu219Leu sense

16921 ACC > ACA Thr228Thr sense

16942 TTT > TTA Leu235Phe missense

16978 GTG > GTT Val247Val sense

17377 ACT > ACA Thr380Thr sense

17416 GCA > GCT Ala393Ala sense

17530 ACA > ACT Thr431Thr sense

17597 ACT > GCT Ala454Thr missense

17990 CTG > TTG Leu585Leu sense

18020 CGG > AGG Arg595Arg sense

18031 GCT > GCA Ala598Ala sense

Figure 1. Display of changes caused by mutations in helicase in 
superimpose mode blue: wild-type helicase, red: mutant heli-
case, green: mutant residues
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human serine/threonine-protein kinase (TBK1). This interac-
tion inhibits TBK1 phosphorylation and reduces interferon 
regulatory factor-3 phosphorylation by 75%, resulting in a 
reduction in the production of interferon-beta, one of the 
barriers to the viral invasion process (29,30). This study re-
vealed that mutations in the SARS CoV-2 helicase, which is 
an important antiviral target, cause a decrease in substrate 
affinity and change in protein stability. The functional roles 
of proteins are formed by the dynamic movement and sta-
bility of their molecules (10,22). Mutations in the primary se-

quences of proteins change tertiary structure, stability, and 
function (31–33). A location-based evaluation of mutations is 
important in terms of the behavior of the virus in the cellular 
invasion process, the progression of the epidemic, and the 
specification of treatment options (34,35). The SARS CoV-2 
has undergone thousands of mutations since the outbreak 
began, resulting in significant changes in its genome and 
protein structure (36,37). These changes manifested as vari-
ous characteristics such as more virulence, increased affinity 
for the angiotensin converting enzyme-2 receptor, and faster 
host transition (38–40). The increase of the virus in the host 
cell is associated with an increased replication cycle and he-
licase activity. The opposite is also possible. Virus proteome 
rearrangements caused by mutations can increase or de-
crease virulence. Feroza et al. revealed two mutations with 
opposing effects on RNA-binding affinity with helicase (41). 
They reported that the Tyr541Cys substitution is a destabi-
lizing mutation that increases molecular flexibility and leads 
to the reduced binding affinity for RNA and helicase, while 
the Phe504Leu substitution results in increased affinity (41). 
This study revealed that the Ala454Thr substitution in the 2A 
domain resulted in a decrease in protein stability (ΔΔG -0.73 
kcal.mol-1).

The interaction of active protein molecules and target nucleic 
acid sequence in the activation and regulation of replication 
and translation processes occurs with the contribution of spe-
cial structural motifs such as zinc fingers (42,43). Zinc finger 
domain mutations result in alterations/weakening of target 
nucleic acid/protein and protein/protein interactions (44–46). 
According to the findings, three mutations (Leu14Phe, Arg15S-
er, and Arg21Ser) in the zinc finger domain of the SARS CoV-2 
helicase caused a decrease in protein stability (ΔΔG -0.99, -1.66, 
and -1.15 kcal.mol-1, respectively) and a change in its conforma-
tion (Figure 2). Given the functional roles of the SARS CoV zinc 
finger structural motifs located in the N-terminus, it is clear that 
these mutations will result in significant changes in the func-
tional properties of the helicase (47,48). The helicase-nucleic 
acid docking results indicated a decreased affinity of the SARS 
CoV-2 helicase (from -84.4 to -71.1 kcal.mol-1). It is thought that 
the change in the bond interaction network of the residue in 
the zinc finger motif (26Cys4), after the mutation affects the pos-
itive charge area, causes a weakening in the nucleic acid inter-
action (Figures 2a and b).

This study found that the Leu235Phe substitution located on 
the coil structure extending from the beta barrel formation 
to the nucleotide binding site between the 1A and 2A do-
mains causes a decrease in protein stability (ΔΔG -0.54 kcal.
mol-1). This region of Leu235Phe substitution, located be-
tween the two domains responsible for nucleotide binding 
and hydrolysis, has been identified as a binding pocket for 
many candidate helicase inhibitors (49,50). Mutations are 
not only a threat to the functional roles of viral proteins, but 
also important for the validity of existing therapeutics. With 
mutations, the effectiveness of inhibitors can either increase 
or decrease.

Figure 2. The change of inter-residual interaction in the tertiary 
structure of Helicase by mutations. Dashes indicates; red: 
hydrogen bond, orange: polar, green: hydrophobic, blue: Van der 
Walss. a: Leu14-wild-type, b: Phe14-mutant, c: Arg15-wild-type, 
d: Ser15-mutant, e: Arg21-wild-type, f: Ser21-mutant, g: Leu235-
wild-type, h: Phe235-mutant, i: Ala454-wild-type, j: Phe454-
mutant
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Table 2. The change in helicase-nucleic acid interaction.

Z-Score DocSc i-RMSD Evdw Eelec

1 W -1.4 -84.4±1.4 16.8±4.2 -37.7±5.9 -322.8±19.7

M -2.1 -71.1±6.7 0.7±0.4 -40.9±13.3 -250.9±33.7

2 W -1.4 -84.3±5.5 0.7±0.5 -36.3±5.0 -362.8±24.7

M -0.9 -57.0±2.5 7.7±0.7 -32.7±11.7 -180.4±47.7

3 W -0.7 -71.2±9.0 7.4±1.4 -39.8±8.2 -245.5±47.5

M -0.8 -54.8±3.4 22.7±2.4 -26.9±3.8 -187.0±5.6

4 W -0.6 -69.5±1.7 13.8±4.4 -31.0±3.7 -296.8±11.1

M 0.2 -43.2±2.0 6.2±0.9 -20.1±6.3 -190.3±5.5

5 W -0.1 -61.9±5.5 20.6±1.2 -34.8±4.4 -221.3±46.2

M 0.3 -42.2±4.8 24.7±0.4 -43.1±8.4 -95.6±16.3

6 W -0.1 -59.8±7.6 22.3±0.5 -32.0±3.9 -237.2±27.3

M 0.4 -40.9±8.0 11.4±4.3 -19.3±8.1 -174.9±26.4

7 W 0.6 -49.3±5.1 24.8±3.8 -26.5±5.6 -185.9±23.0

M 0.6 -38.1±7.2 23.9±0.5 -31.7±9.1 -92.2±14.0

8 W 0.9 -44.9±3.7 26.2±3.7 -34.2±5.7 -108.7±17.2

M 1.1 -32.1±2.8 22.3±0.7 -17.4±4.5 -115.1±10.7

9 W 1.0 -43.1±1.3 24.8±3.8 -29.1±5.5 -150.4±28.4

M 1.3 -29.5±5.1 28.9±2.0 -21.6±1.8 -54.3±24.1

10 W 1.7 -29.9±5.2 24.6±0.4 -23.2±4.2 -125.0±20.3

M - - - - -

W: wild, M: mutant, DocSc: docking score, i-RMSD: interface RMSD (from the overall lowest-energy structure), Evdw: Van der Waals energy, Eelec: electrostatic energy.

Figure 3. Evaluation of binding quality for wild-type helicase/nucleic acid and mutant helicase/nucleic acid complexes. a: wild-type 
helicase-nucleic acid complex, b: mutant helicase-nucleic acid complex.
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CONCLUSION

The SARS CoV-2 nsp13 mutations decreased protein stability 
and nucleic acid affinity of helicase. The decreased helicase 
activity limits the replication and spread of SARS CoV-2 in the 
host cells. In China, which is the origin of the epidemic and the 
source of the isolates analyzed in this study, it is thought that 
successful epidemic control policies, as well as mutations in 
viral proteins in favor of the host, contributed to the decrease 
in the number of cases. The results provide important data on 
the development of potential antivirals and the effects of muta-
tions on the functional behavior of viral proteins.
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INTRODUCTION

Leptin, a polypeptide hormone, which is coded by the 
obesity (Ob) gene, is mainly released from white ad-
ipose tissue and belongs to the cytokine family. The 
best-known function of leptin is the regulation of food 
intake and energy expenditure (1). In addition, leptin 
is functional in many metabolic events such as angio-
genesis, hematopoiesis, and lipid/carbohydrate metab-
olism. It is also effective on functions of reproductive, 
cardiovascular, and immune systems (2). Leptin shows 
its effect through membrane-bound leptin receptors 
(OBR). The OBR gene expresses in the central nervous 

system (CNS) and in many peripheral tissues includ-
ing skeletal muscle (3). When leptin binds to OBR, 
thermogenesis is stimulated through the PI3K and 
AMPK signaling pathways in the skeletal muscle, en-
hancing glucose and fatty acid metabolism. Therefore, 
leptin-mediated increase in the fatty acid oxidation re-
duces the formation of triacylglycerol and fat deposits 
to prevent lipotoxicity (4, 5).

Furthermore, when leptin in circulation crosses the 
blood-brain barrier, it acts on the hypothalamus to reg-
ulate energy balance acting and increases the sympa-
thetic nerve activity in brown adipose tissue to provide 
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ABSTRACT

Objective: There are a few studies related to nitric oxide (NO) and leptin interaction in the regulation of physiological events 
in skeletal muscle. Therefore, the aim of the present study is to investigate the interaction of leptin and NO in response to 
blood flow and nitric oxide synthase (NOS) distribution on rat skeletal muscle.

Materials and Methods: Twenty-four adult-male Wistar albino rats were divided into 4 groups: control (C), Leptin (LP) (50 
μg/kg), L-NG-nitroarginine methyl ester (LN) (a non-specific nitric oxide synthase inhibitor, 10 mg/kg,) and L-NAME+Leptin 
(LN+LP) administrated groups. Drugs were administered via the right jugular vein. Hemodynamic parameters: mean arterial 
pressure, heart rate and blood flow were recorded during the experiment and at the end blood samples for biochemical 
analyses of leptin and nitrite/nitrate levels and gastrocnemius muscle tissues from the right hindlimb for NOS distribution 
were taken.

Results: Leptin infusion after L-NAME administration significantly decreased heart rate and blood flow (p<0.05, p<0.001). 
In addition, there was no change in the mean arterial pressure in the leptin group and leptin-administered L-NAME group. 
Leptin levels were the highest in the LP+LN group (p<0.01). Decreased nitrate/nitrate levels with L-NAME administration 
(p<0.01 vs C) reached control values by leptin infusion. Both endothelial NOS (eNOS) and neuronal NOS (nNOS) distributions 
were observed in the skeletal muscle cells of the leptin group.

Conclusion: Although NO synthesis is inhibited by L-NAME, it is concluded that leptin partially enhances NO production and 
leptin uses NO as a mediator in its physiological effects.
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thermogenesis. In addition, because of sympathetic nervous 
system stimulation, leptin increases arterial blood pressure, 
which is correlated to high levels of leptin in continuous hyper-
tension (6, 7).

The binding sites of leptin in the brain are also important in the 
control of the cardiovascular system. Therefore, it is suggested 
that leptin may affect cardiovascular system functions through 
its effects on the CNS. Furthermore, functionally active OBRs have 
been demonstrated to be present in endothelial cells, suggesting 
that endothelium, which plays an important role in the regula-
tion of blood pressure, is one of the main targets of leptin (8-10).

Nitric oxide (NO), a gaseous transmitter and intracellular second 
messenger in biological systems, is one of the substances re-
leased by the endothelium to cause vasodilatation for regulat-
ing blood pressure. Previous studies have also shown that NO 
plays an important role in platelet aggregation, cytotoxicity, 
hypertension, diabetes, atherosclerosis, learning and memory 
function, and regulation of male sexual function (11). In addi-
tion, NO has many functions in skeletal muscle. These are stim-
ulation and contraction of muscle, mitochondrial energy pro-
duction, glucose metabolism and autoregulation of blood flow. 
Although expression of OBRs is present in endothelial cells, its 
effect on NO production is controversial (12-14).

There have also been some studies demonstrating that leptin 
increases NO release from endothelial cells (9, 10, 15). Although 
there have been studies to demonstrate leptin and NO interac-
tion, the relationship between leptin and NO has not been fully 
explained in the regulation of physiological events in skeletal 
muscle. Therefore, this study was carried out to determine the 
relationship between leptin and NO in response to blood flow 
and NOS distribution on rat skeletal muscle. 

MATERIALS AND METHODS

Animals and Study Groups
 In the present study, 24 adult-male Wistar albino rats weighing 
250-300 g were used. All animals were housed in a light- (12/12 
hours light and dark period) and temperature-controlled room 
(22±2°C), fed with standard lab chow and tap water ad libitum 
until the day of the experiment. The study was reviewed and 
approved by the Experimental Animals Ethics Committee of 
Experimental Medicine Research Institute of Istanbul University 
(Date:18.10.2005, Number: 36).

The rats were divided into 4 groups, each including 6 rats as 
follows: control (C), Leptin (LP) (50 μg/kg, #sc-471278, Santa 

Cruz Biotechnology, Texas, USA), L-NG-nitroarginine methyl 
ester (LN) (L-NAME, a non-specific nitric oxide synthase inhibi-
tor, 10 mg/kg, Sigma-Aldrich Chemie Gmbh Munich, Germany) 
and L-NAME+Leptin (LN+LP) administrated groups. The control 
group had saline in the same volume at the same time points of 
drug administrations. All drugs and saline were administrated 
intravenously (IV) via an infusion pump (KDS 200/200P LEGACY, 
KD Scientific, Holliston, MA, USA) at a rate of 0.166 ml/min, so 
the total volume was 0.5 ml for each administration. 

Experimental Design
The animals received intraperitoneal (ip) sodium pentothal (90 
mg/kg) anesthesia. During the experiment, the rats were placed 
on a heating pad to control body temperature via a rectal probe 
(MLT1403, ADIntruments, Sydney, AUS) and body temperature 
was maintained at approximately 37°C. Tracheostomy was per-
formed and spontaneous breathing was provided. Right carot-
id artery and right jugular vein were cannulated with a poly-
ethylene (PE 50) cannula. Blood pressure was monitored via a 
pressure transducer (MLT0380/D, ADIntruments, Sydney, AUS) 
from the right carotid artery. All drugs were administered via a 
venous catheter which was attached to the right jugular vein. 
A small incision was made on the gastrocnemius muscle of the 
left hindlimb without causing any bleeding. To determine intra-
muscular blood flow, the needle probe of the laser Doppler flow-
meter (Blood FlowMeter INL 191, ADIsntruments, Sydney, AUS) 
was carefully placed on the muscle surface. After a 30-min stabi-
lization period the first drugs were applied and 20 min after the 
first drug administration, the second drugs were administered 
(Figure 1). All hemodynamic parameters were recorded during 
the experiment by a data acquisition unit (PowerLab 8/30, ADIn-
struments, Sydney, AUS) and then analyzed offline every 10 min. 

At the end of the experiment, blood samples were collected 
directly from the heart for biochemical analyses and the tissue 
samples of the gastrocnemius muscle from the right hindlimb, 
which not had any intervention, were taken to determine the 
distribution of NOS enzymes, immunohistochemically.

Immunohistochemical Analysis
Gastrocnemius muscle tissues were fixed in 10% formalin and em-
bedded in paraffin. In 4 µm sections taken from paraffin blocks, 
the distributions of eNOS and nNOS were examined immuno-
histochemically. For this purpose, the sections were kept over-
night at 56°C, then passed through xylene and alcohol series and 
brought up to the water. The sections were incubated for antigen 
retrieval in citrate buffer (pH 6.0) (Thermo Scientific, AP-9003-500) 
for 10 minutes by microwaving slides and then allowed to cool to 
room temperature for 20 min and rinsed with distilled water. En-

Figure 1. The timeline of experimental design.
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dogenous peroxidase activity was eliminated with 0.3% H2O2 (Lab 
Vision, TA-060-HP) at room temperature for 10 min. The sections 
were rinsed with distilled water and washed for 10 min in phos-
phate buffered saline (PBS) three times in each step.

After washing, the sections were treated with blocking serum 
(Ultra V Block, Lab Vision, TA-60-UB, Värmdö, Sweden) for 5 min 
at room temperature. The muscle sections were then incubated 
with anti-eNOS (RB- 1711-P, NeoMarkers Fremont, CA) and nNOS 
(KAP-NO003, NeoMarkers Fremont, CA) antibodies at 4˚C over-
night. Antibodies were diluted in a ratio of 1:100 with an antibody 
diluent (UltrAb Diluent, Lab Vision, TA-125-UD, Värmdö, Sweden). 
Then, the sections were processed by the StrepABC procedure, 
following the manufacturer’s instructions, using a goat anti-rab-
bit IgG (Labvision, TR- 125-BN and TR-125-HR, Värmdö, Sweden). 
The activity was demonstrated by the AEC (3-amino-9-ethyl car-
bazole) substrate kit (Labvision, TA-004-HAC, Värmdö, Sweden). 
The sections were counterstained with Mayer hematoxylin. The 
results of the immunohistochemistry were examined by two in-
dependent observers using a light microscope (Leica, Wetzlar, 
Germany) and photographed by Image Pro-Plus system.

Slides were blindly analyzed with ImageJ software (National In-
stitutes of Health, Bethesda, Maryland, U.S.A.) by using a color 
deconvolution plug-in. For staining intensity, every section was 
assessed in 3 similar fields of view under 400X magnification. Im-
ages were analyzed to calculate the mean intensity of AEC, rang-
ing from 0 (black) to 255 (total white). The final AEC intensity was 
calculated according to the formula  f = 255 −  i, (i = mean DAB 
intensity) with data acquired from the software; i ranges from 0 
(zero = deep brown, highest expression), to 255 (total white) (16).

Biochemical Analysis
Leptin and nitrite/nitrate levels were measured in blood sam-
ples which were drawn from the hearts of animals at the end 
of the experiment. Blood samples were centrifuged at 1500 g 
for 10 min at 4°C and the serum samples were used for analy-
sis. Serum leptin levels were studied by an enzyme-linked im-

munosorbent assay (ELISA) using the Rat Leptin ELISA kit (DRG 
Instruments GmbH, Germany) according to the manufacturer’s 
notes. Nitrite/nitrate levels in the serum were determined by 
the Griess method (17, 18). According to this reaction, nitrate is 
reduced in nitrite in the presence of nitrate reductase enzyme. 
Then, the mixture containing the sulfanilamide and N-(1-naph-
thyl) ethylene diamine dihydrochloride compounds, named the 
Griess reactive, is added into nitrite to obtain the colored diazo 
product. The resulting-colored product is measured spectro-
photometrically at 540 nm.

Statistical Analysis
Data were analyzed using the GraphPad Prism 6.0 (GraphPad 
Prism, Version 6, Software Program, San Diego, CA) and were 
expressed as mean ± standard error of means (SEM). The time 
dependent results of hemodynamic parameters were com-
pared by two-way ANOVA, while biochemical results of blood 
samples in different groups and area under the curves (AUC) for 
hemodynamic parameters were compared by one-way ANOVA 
followed with post-hoc Bonferroni’s multiple comparison test. A 
value of p≤0.05 was considered as statistically significant.

RESULTS

Hemodynamic Results
There was no significant difference in the Mean Arterial Pres-
sure (MAP) in the leptin administrated group when compared 
with the values of the C group at the same time intervals during 
the experiment. MAP was significantly increased within the 
first 10 minutes of L-NAME infusion in LN and LN+LP groups 
(p<0.001). Although these high levels tend to decrease, they 
were maintained until the end of the experiment which did not 
change much more with leptin administration in the LN+LP 
group. At the end of the experimental procedure (at the 90th 
min) MAP of the LN and LN+LP groups were still significantly 
higher than MAP levels of the C and LP groups (p<0.001, Figure 
2A). Leptin and L-NAME also showed similar effects on systol-
ic and diastolic pressure, both of which were compatible with 

Figure 2. Comparison of % changes in mean arterial pressure during the experiment (A) and differences of area under curve (B) between 
the groups. MAP: mean arterial pressure, AUC: area under curve, C: Control, LP: Leptin, LN: L-NAME, LN+LP: L-NAME+Leptin groups (Data 
are expressed as mean±SEM, **p<0.01, ***p<0.001 statistically significance).
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MAP (data not shown). To compare the cumulative difference 
between the groups during the experimental time, the AUC 
of hemodynamic parameters were calculated. AEC of both 
LN and LN+LP groups were very close to each other, as seen 
in the same way between the C and LP groups. However, the 
area under the curves of both LN and LN+LP was found to be 
significantly higher according to the control and leptin groups 
(p<0.01 and p<0.001 respectively, Figure 2B).

The heart rate (HR) was significantly decreased with L-NAME 
infusion in the LN and LN+LP groups (p<0.05). While these low 
levels slowly increased in the LN group and were close to that of 
the C levels at the end of the experiment, leptin administration 
slowed down this increase with respect to the LN group. Leptin 
and control groups had similar values during the experiment. 
At the end of the experimental procedure (at the 90th min) the 
LN+LP group had significantly lower HR according to all oth-
er groups (p<0.05, Figure 3A). When the AUC were analyzed, 

both C and LP groups had proximate values, which also were 
observed between LN and LN+LP groups. So, there was no sig-
nificant difference in the HR during the experiment in the leptin 
administrated group when compared with the control group. 
On the other hand, the AUC of the LN+LP group was found to 
be significantly higher according to the C and LN groups (p 
<0.05, Figure 3B)

After administration of L-NAME, a statistically significant de-
crease in the blood flow, especially at the 20th minute of treat-
ment, was observed in the LN and LN+LP groups, according 
to the C and LP groups (p<0.001). These low blood flow levels 
persisted over the duration of the experiment. Administration 
of leptin did not cause significant changes in blood flow com-
pared to the C group until the 60th minute of the experiment. Af-
ter that point, blood flow was significantly decreased (p<0.001). 
Leptin administration resulted in low blood flow in the LN+LP 
group until the end of the experiment and that was statistically 

Figure 3. Comparison of % changes in heart rate during the experiment (A) and differences of area under curve (B) between the groups. 
HR: heart rate, AUC: area under curve, C: Control, LP: Leptin, LN: L-NAME, LN+LP: L-NAME+Leptin groups, C: Control, LP: Leptin, LN: 
L-NAME, LN+LP: L-NAME+Leptin groups (Data are expressed as mean±SEM, *p<0.05 statistically significance).

Figure 4. Comparison of % changes in blood flow during the experiment (A) and differences of area under curve (B) between the groups. 
AUC: area under curve, C: Control, LP: Leptin, LN: L-NAME, LN+LP: L-NAME+Leptin groups (Data are expressed as mean±SEM, *p<0.05, 
**p<0.01, ***p<0.001 statistically significance).



22 23

Eur J Biol 2022; 81(1): 18-25
Ustunova et al. Leptin and Nitric Oxide in Skeletal Muscle

significant in accordance with other groups (p<0.001). However, 
in the LN group alone, blood flow returned to baseline levels at 
the end of the experiment (Figure 4A). When the area under the 
curves was examined, it was determined that the control group 
had a higher blood flow than that of all groups and this was 
statistically significant in both LN and LN + LP groups (p<0.001). 
L-NAME administration gave rise to a significant reduction in 
AUC of both LN and LN+LP groups when compared to LP group 
(p<0.001) (Figure 4B).

Biochemical Results
Serum leptin and nitrite/nitrate levels were measured in blood 
samples at the end of the experiment. It was determined that 
leptin levels of the LP, LN, and LN+LP groups were significantly 
increased according to that of the C group (p<0.05). The eleva-
tion in the LN+LP group was more significant (p<0.01) (Figure 
5A). When the nitrite/nitrate levels were compared, the increase 
in the LP group was not significant, but there was a statistically 
significant decrease in the LN group compared to both C and LP 
groups (p<0.01, p<0.001, respectively). In the LN+LP group, the 
nitrite/nitrate levels were significantly higher than that of the LN 
group (p<0.01) but less than that of the LP group in a statistically 
insignificant manner and close to that of the C group values. In 
addition, nitrite/nitrate levels of the LP group were significantly 
elevated according to the LN group (p <0.001) (Figure 5B).

Immunohistochemical Results
The distributions of eNOS and nNOS were investigated by im-
munohistochemical methods in the paraffin sections of control 

and drug administrated animals. In the control group, the re-
action of eNOS and nNOS was determined in the perimysium, 
sarcolemma, and irregular connective tissue (Figure 6). In the 
leptin treated group, although the eNOS reaction was observed 
to be slightly dense in sarcolemma and more intense in the 
perimysium, the reaction was more pronounced around of the 
peripheral position of nuclei. The nNOS reaction was found to 
be similar in the same regions of the eNOS reaction, but at a 
lower density (Figure 6). The mean intensity of eNOS and nNOS 
reactions were significantly more than those of the C and LN 
groups (p<0.01, p<0.001, respectively) and were also denser 
from that of the LN+LP group which was significantly elevat-
ed in nNOS (Figures 7A-B). Both reactions were suppressed in 
the LN group. The eNOS reaction was denser in the sarcolemma 
whereas almost no nNOS reaction was observed in the control 
(Figure 6). After L-NAME administration, the eNOS reaction in 
the leptin-treated group was found to be mild in the sarcolem-
ma and more in the vicinity of nuclei. The eNOS reaction was 
less than that of the leptin group and more than that of the con-
trol and L-NAME groups. The nNOS reaction was similar to that 
of the control values (Figures 6 and 7).

Figure 5. Serum leptin (A) and nitrite/nitrate (B) levels. C: Control, 
LP: Leptin, LN: L-NAME, LN+LP: L-NAME+Leptin groups (Data are 
expressed as mean±SEM, * p<0.05, **p<0.01, ***p<0.001).

Figure 6. Immunohistochemically demonstrated eNOS and nNOS 
reactions in sarcolemma (), peripherally located nuclei (↑) and 
perimisium () in gastrocnemius muscle. C: Control, LP: Leptin, 
LN: L-NAME, LN+LP: L-NAME+Leptin groups (Bar = 50 μm).
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DISCUSSION

The understanding of the effects of leptin on the CNS and pe-
ripheral systems was led to thinking that there may be links 
between leptin and obesity, hypertension, and cardiovascular 
diseases (2). Experiments in ob/ob mice have shown that the 
absence of leptin causes abnormalities in the vascular endothe-
lium and in the contraction-relaxation functions of vessels (19). 
Expression of leptin in fibroblasts and the presence of OBRs in 
vascular endothelium and cardiac muscle cells suggest that 
leptin has cardiovascular effects which might be mediated by 
NO (20). Therefore, in this study, we aimed to find out whether 
leptin exerts its cardiovascular effects through NO.

Leptin increases sympathetic nerve activity in rodents and hu-
mans; however, leptin only consistently increases BP chronically 
in rodents. The ability of leptin to increase BP in rodents is via 
both hypothalamic and extrahypothalamic regions.

It has been reported that administration of high dose intracere-
broventricular leptin increases arterial blood pressure and HR by 
central neural mechanisms (21). In another study, no significant 
change in arterial pressure, HR, renal blood flow or renal cortical 
blood flow was observed by administration of leptin or saline in 
rats with similar initial values. It has also been suggested that 
leptin has no effect on systemic blood pressure and arterial 
blood flow (22). In our study, after a single dose of IV 50 μg/kg 
leptin administration, MAP and HR were found to be similar to 
that of the saline-administered control group, and there was no 
significant difference between them during the entire experi-

ment. Similarly, Frühbeck (15) reported that after 90 minutes of 
administration of a single dose of IV saline and 10, 100, 1000 µg/
kg of leptin, there was no change in blood pressure and an in-
significant increase in HR. Mitchell et al. (23) reported that there 
was no significant change in MAP and HR between leptin-ad-
ministered and non-administered animals when they infused 
a total of 1 mg/kg leptin to animals for 3 hours, while blood 
pressure decreased regularly in both groups during the experi-
ment. Frühbeck (15) also reported an increase in MAP and a de-
crease in HR after the first 10 minutes of NOS inhibition, which 
was performed with L-NAME (30 mg/kg). In our study, when we 
used 10 mg/kg L-NAME, we found that MAP in this group was 
significantly higher, and HR was significantly lower than the 
control values   at the same time intervals throughout the exper-
iment. However, the HR was close to the control at the end of 
the experiment. In the leptin-administered L-NAME group, the 
increase in the MAP values   was more dramatic and the changes 
in blood pressure were similar to the L-NAME group. The low 
values of HR after L-NAME administration   were maintained until 
the end of the experiment in animals treated with leptin after 
L-NAME. HR levels in the LN+LP group was the lowest at the end 
of the experiment according to others. In addition, Dunbar et 
al. (24) reported that leptin administration decreased the blood 
flow in the iliac and mesenteric arteries without a change in the 
renal artery, and increased the MAP by decreasing the blood 
flow in the splanchnic vascular beds and skeletal muscle. It has 
also been reported in other studies that leptin did not cause a 
significant change in mesenteric, hindlimb and renal blood flow 
(9, 23). However, Mitchell et al. (23) also reported that L-NAME 
significantly increased regional blood flow when they applied 
it for 3 hours. In addition, it was noted that there was no sig-
nificant change in renal and hindlimb blood flow when leptin 
was administered (23). In our study, no change in blood flow 
was observed in the one-hour period after leptin administra-
tion. However, after this period, there was a significant decrease 
in blood flow of the leptin-administered group until the end of 
the experiment. In addition, in our study, a regular decrease in 
blood flow was observed after L-NAME administration. In leptin 
and L-NAME administered animals, while the hindlimb blood 
flow decreased over time, this decrease reached a significant 
level only at the end of the experiment.

Bełtowski et al. (22) compared plasma leptin concentrations 
in the leptin (single dose, IV, 1000 µg/kg) administered groups 
at the different time intervals. The highest plasma leptin lev-
el was obtained at the 15th minute; after this minute the val-
ues began to decrease, tending to approach the control, and 
reached the control value at the 195th minute. Our samples 
were taken at the 90th minute, and in parallel with Beltowski’s 
data, the serum leptin levels of the animals in the leptin and 
L-NAME groups were significantly higher. However, the increase 
in serum leptin levels was more dramatic in the leptin admin-
istered L-NAME group. Bełtowski et al. (25) suggested that NO 
products increased because of leptin administration, but the 
leptin values of the groups were close to each other. It was 
stated that there was no change in plasma leptin level in the 
group that was administered only L-NAME. In our study, on the 

Figure 7. Mean intensity levels of eNOS (A) and nNOS (B) 
reactions in gastrocnemius muscle. C: Control, LP: Leptin, LN: 
L-NAME, LN+LP: L-NAME+Leptin groups (Data are expressed as 
mean±SEM, **p<0.01, ***p<0.001).
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contrary, serum leptin levels were observed to be significantly 
higher in the L-NAME and leptin-administered L-NAME groups 
compared to the control group. It has been suggested in differ-
ent studies that leptin exerts its effects not only through NO, 
but also through the sympathetic nervous system and endo-
thelial-derived hyperpolarizing factor (25-27). In rodents, there 
is strong evidence for the role of leptin in an increase in SNA 
(28). Therefore, we think that leptin levels were also increased in 
the L-NAME group in order to compensate for the suppression 
of NO levels and to activate other possible pathways. Indeed, 
it was observed that inhibition of NO synthesis caused an in-
crease in leptin level as expected.

In vitro studies have demonstrated that leptin stimulates NO 
production from the endothelium and causes NO-mediated 
vascular relaxation (10). However, the results of in vivo stud-
ies are not so conclusive. While some investigators reported 
the presence of NO in leptin-induced vascular relaxation (15), 
some investigators found the opposite (23, 29). Frühbeck and 
Gómez-Ambrosi (30) and Mastronardi et al. (31) observed an 
increase in plasma concentrations of nitrite/nitrate, the NO 
metabolites, after leptin administration. However, the source 
of NO has not been determined exactly. In our study, it was de-
termined that serum nitrite/nitrate levels were significantly de-
creased in the L-NAME group compared to the control animals, 
as expected. When leptin was given to L-NAME treated animals, 
it was observed that there was a significant increase in serum 
nitrite/nitrate levels compared to that of the L-NAME group, 
and this value approached the control values. In the study by 
Bełtowski et al. (22) the highest nitrite/nitrate levels were ob-
tained at the 45th and 75th minutes, respectively, after the ad-
ministration of leptin (1000 µg/kg). At the 105th minute, this rate 
dropped to about one third. In our study, the failure to observe 
the expected increase in the leptin-administered group may be 
due to the time the blood samples were taken (after the 90th 
minute) and the dose of leptin administered.

NO is a mediator produced in endothelial cells that regulates 
vascular tone in a paracrine manner. There are studies showing 
NO production and NOS expression via leptin and its effects. It 
has been demonstrated that IV administration of leptin to Wis-
tar albino rats increases serum NO level by 90% (15). In addition, 
it has been shown that administration of a single dose of leptin 
increases the level of nitrite/nitrate and cGMP, which is the sec-
ondary messenger of NO, in plasma and urine (22). In many dif-
ferent studies using L-NAME, it has been suggested that leptin 
increases NO production in ventricular cells, which in turn reg-
ulates cardiac contraction (32). It has also been indicated that 
expression of NOS isoforms is made in skeletal muscles of all 
mammals, including a muscle-specific type, nNOS. Immuno-
histochemical methods have shown that nNOS is found in the 
sarcolemma of muscle fibers, eNOS in the microvascular endo-
thelium, and iNOS in leukocytes near muscle fibers and some 
endothelial cells (12, 33-37). In our study, nNOS and eNOS were 
also observed in the sarcolemmas of the fibrils, but the distribu-
tion ratios vary between groups. The increase in eNOS reactions 
in animals treated with leptin alone and L-NAME+Leptin may 

be due to the stimulatory effects of exogenous leptin adminis-
tration on NO production. 

In our study, when eNOS and nNOS distributions in the tissues 
were evaluated immunohistochemically, the strongest reac-
tion was observed around the nuclei of the cells in the leptin 
group compared to all other groups. The fact that the reactions 
are intense around the nuclei suggests that NO plays a role in 
cellular transcription processes. Carbó et al. (38) suggested that 
protein synthesis was stimulated in the skeletal muscle, which 
they isolated 3.5 hours after 100 µg/kg IV leptin administration, 
and this was accomplished via an unknown mediator by leptin. 
In our study, the presence of eNOS and nNOS reactions around 
the nucleus after the leptin-administered groups strengthens 
the possibility that eNOS and nNOS may be the possible me-
diators that were not clearly known in the above-mentioned 
study. It was also determined that the distribution of eNOS in 
the tissue increased with the application of leptin after L-NAME 
while nNOS also showed a distribution like the control. The re-
sults here indicate that L-NAME may exert its inhibitory effect 
predominantly through nNOS. The eNOS reaction around the 
nuclei in the leptin-administrated L-NAME group, similar to the 
leptin group, suggests that leptin maintains its effect in various 
cellular events by stimulating eNOS.

In summary, with this study we demonstrated that a single dose 
IV leptin infusion did not cause any difference in mean arterial 
pressure with or without NO inhibition. Leptin administration 
significantly decreased heart rate and blood flow with the inhi-
bition of NO. Both eNOS and nNOS distributions in skeletal mus-
cle and nitrite/nitrate levels in serum samples were increased 
with leptin treatment which indicates that leptin induces NO 
production. 

CONCLUSION

As a conclusion, the effect of leptin on blood flow, blood pres-
sure and heart rate were investigated in the presence and ab-
sence of NO. Although NO synthesis is inhibited by L-NAME, 
we conclude that leptin partially enhances NO production and 
leptin uses NO as a mediator in its physiological effects. 
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INTRODUCTION

Fungal infections are among the common causes of 
death, especially in individuals with a weakened im-
mune system. These infections may be neglected, but 
they can be dangerous, contrary to common belief. 
There are few and limited treatments available to treat 
invasive fungal infections. A number of natural medi-
cines derived from plants are used to treat the fungal 
diseases. Discovery of antifungal agents is much slower 
than antibacterial agents. Because fungi are eukary-
otes, fungal-damaging substances can also often dam-
age the host, so the antifungal agent developments are 
usually slow. 

As a hallmark of eukaryotic cells, the genetic material is 
separated in a compartment surrounded by the nucle-
ar membrane. The nuclear membrane separates DNA 
and translation, allowing transcription to be regulated 
in various ways. It also allows for differential processing 
and selective export of the synthesized mRNA. 

The nuclear envelope consists of double lipid bilayers, 
the outer and inner nuclear membranes (1). The outer 
layer is continuous with the endoplasmic reticulum, 
which hosts ribosomes that carry out translation. Nucle-
ar pore complexes (NPCs), which are large multiprotein 
structures that pass through the double bilayer struc-
ture, allow and regulate the passage of substances into 
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ABSTRACT

Objective: Fungi are invasive species responsible for infections in many people around the world and which severely affect 
the immune system. The opportunistic pathogenic species, such as Candida species and Aspergillus fumigatus, can cause 
death in people with weakened immune systems. Natural medicines derived from plants are often used to treat fungal 
diseases. In connection with our efforts to unearth possible cellular targets of antimicrobial agents, in this study, we aimed to 
determine the functional consequences of benzyl alcohol treatment on the nuclear membrane. 

Materials and Methods: We analysed the nuclear membrane distortions caused by benzyl alcohol in Saccharomyces 
cerevisiae cells using Nup49-GFP reporter strain. We also studied cellular distributions of various fluorescently tagged nuclear-
cytoplasmic shuttling proteins to determine any functional disturbances in nuclear pore complexes upon benzyl alcohol 
treatment. Localization of 51.5 kDa protein LexA-NES-GFP and 61.8 kDa protein Pho4(Δ157-164)-GFP to the nucleus in yeast 
cells was key for evaluating the effect upon diffusion limit of pores.

Results: By analyzing the distribution of fluorescently tagged nuclear localization signal or nuclear export signals bearing 
reporter proteins between the nucleus and cytoplasm, we have shown that the nuclear membrane becomes leaky upon 
benzyl alcohol treatment. 

Conclusion: The diffusion limit across the nuclear membrane in yeast cells is increased upon benzyl alcohol treatment. We 
believe that these findings not only increase our understanding of the mode of action of benzyl alcohol bearing antifungal 
agents, but also help widening their use.
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and out of the nucleus. They are the gatekeepers mediating the 
exchange of essential compounds between the nucleoplasm 
and the cytoplasm (2-6). Ions and small metabolites can freely 
diffuse through NPCs. However, for the transport of large mole-
cules with MW >40 kDa, active transport is necessary (7-12). This 
active transport into and out of the nucleus is governed by a 
large family of transport receptors called karyopherins in yeast 
(7, 13, 14). Although NPC structures differ between species such 
as size and variation in individual proteins, their overall struc-
tures are conserved from yeasts to mammals (3, 5, 10). 

Benzyl alcohol is a known membrane fluidizer, and recently 
we demonstrated that it is active against yeast cells (15). In this 
study, we set out to determine its cellular target in Saccharomy-
ces cerevisiae cells. For this purpose, we studied possible defects 
in the yeast nuclear membrane structure and function upon 
treatment with benzyl alcohol. We believe that these studies 
not only increase our understanding of the mechanism of ac-
tion of alcoholic antifungal agents, but also open up new possi-
bilities for the therapy of fungal infections. 

MATERIALS AND METHODS

Strains and Growth Conditions 
YPH499 (MATa ura3-52 lys2-801_amber ade2-101_ochre trp1-Δ63 
his3-Δ200 leu2-Δ1) (16) was used as the Saccharomyces cerevisi-
ae strain in this study. pRS315-GFP-NUP49, pADH1-NLS-2GFP-
TRP1, pADH1-NES-YFP-TRP1, pRS315-npl3[S411A]-GFP, pRS314-
LexA-NES-GFP and pRS314-Pho4(∆157-164)-GFP reporters were 
a generous gift from Prof. Karsten Weis, and used according to 
the previously described protocols (20). Yeast cells were grown 
until the early exponential phase in yeast extract peptone glu-
cose medium (YPD) at 25°C while shaking. Then cells were treat-
ed with 1% benzyl alcohol for 15 minutes and analysed using 
fluorescence microscopy as explained below. 1% benzyl alco-
hol corresponds to 10xMIC value.

Minimum Inhibitory Concentration (MIC) Measurement 
The minimum inhibitory concentration (MIC) measurement 
was performed in a similar procedure in our previous study (15). 
S. cerevisiae cells were cultured overnight at 25°C in YPD broth 
and were suspended in YPD to give a final density of 1 × 106 
CFU/mL. Benzyl alcohol dissolved in dimethyl sulfoxide (DMSO) 
was prepared with the serial dilution method and put in a 24-
well microtiter plate. After that, S. cerevisiae cells were added 
to each well. Suspension of yeast cells in the medium without 
benzyl alcohol or any other additives as well as yeast cells in the 
medium with only DMSO were tested as controls. 24-well mi-
crotiter plates were incubated at 25 °C. The MIC was determined 
after 48 h. Viability of yeasts was deduced based on tur bidity.

Extracellular pH Measurement
S. cerevisiae cells were incubated at 25°C in 20 mL of YPD un-
til the exponential growth phase, harvested and washed twice 
with sterilized dH2O. The pellet was then resuspended in ster-
ilized dH2O. About 50 mg wet weight of yeast cells were used 
for each experiment. 2% glucose was added and incubated for 
20 min while shaking. At this point, 5 and 10 mM benzyl alco-
hol was added, and extracellular pH was recorded using an HI 
98127 water proof pH meter (HANNA, USA).

Fluorescence Microscopy 
Still images of non-fixed cells were captured at room tempera-
ture with a wide-field epifluorescence microscope (Axio Imag-
er.A1; Carl Zeiss MicroImaging) equipped with 100x NA 1.45 oil 
immersion objective (Plan-Fluar; Carl Zeiss MicroImaging), a 
Cascade:1K camera (Photometrics) and Metamorph software 
(Universal Imaging). At least 1000 cells were analysed for each 
data set. Representative figures for each analysis were com-
bined together after adjusting contrast and brightness.

MTT Mitochondrial Functionality Assay
Yeast cells were incubated at 25°C in 20 mL of YPD until the ex-
ponential growth phase, harvested and then resuspended in 
sterilized dH2O, 1:1 (w/v). 0.05 M glucose, 0.4 mg/ml MTT, 1% 
benzyl alcohol was added to yeast cells and incubated at 30 °C 
for 15 min. The MTT reduction was determined using a spectro-
photometer at 570 nm.

RESULTS 

Nuclear Membrane is Distorted in Benzyl Alcohol Treated 
Yeast Cells 
We have previously reported the antifungal activities of various 
terpenoids as well as benzyl alcohol (with MIC value of 5-10 
mM) against yeast Saccharomyces cerevisiae (15). Recently, we 
extended our studies on the mode of action of benzyl alcohol. 
We have shown that the fungal cell wall is impaired by the ac-
tion of benzyl alcohol and the cell membrane integrity is dis-
rupted (17). The damage on the cell membrane triggers H+ ion 
intake, revealed by an increase in extracellular pH (Figure 1). 

Furthermore, visualization of the nuclear membrane by means 
of labelling the nuclear pore complex protein Nup49 with GFP, 
revealed that yeast cells had highly deformed nuclear mem-
branes (Figure 2) (17, 18). The effect of benzyl alcohol on the 
nuclear envelope can be seen as early as 15 min after its appli-
cation. 

Figure 1. Effect of benzyl alcohol on the extracellular pH of yeast 
cells. Control corresponds to the measurements without any 
benzyl alcohol addition. The data represent the average of at 
least three independent experiments.
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Transport through the Nuclear Membrane is Compromised 
in Benzyl Alcohol Treated Yeast Cells 
Later, we tested whether the benzyl alcohol treated cells mis-
localize the NLS-GFP (SV40 nuclear localization signal reporter 
protein fused with GFP) and NES-YFP (SV40 nuclear export signal 
reporter protein fused with YFP) reporters (Figure 3). In wild type 
cells with functional NPC, we expect the NLS reporter protein to 
be found entirely in the nucleus and the NES reporter protein to 
be excluded from the nucleus and found in the cytoplasm (20). 
As shown in Figure 2, both reporters were mislocalized upon 
benzyl alcohol treatment in some yeast cells, pointing to a de-
fect in NPC function (21, 22). Note that mislocalization of these 
reporters takes somewhat longer than (ca. 1h) the morphological 
changes observed at the nuclear envelope (15 min).

In order to demonstrate defects in NPC function in benzyl al-
cohol treated cells in a more quantitative manner, we used a 
reporter based on the yeast shuttling protein Npl3 described by 
Madrid et al. (20, 23). Npl3 is mainly nuclear and Npl3-GFP local-
izes correctly to the nucleus both in the absence and presence of 

benzyl alcohol (data not shown). However, while Npl3[S411A]-
GFP reporter localizes mainly to the nucleus before treatment, 
benzyl alcohol treated cells show a marked increase in cells with 
cytoplasmic Npl3[S411A]-GFP reporter signal (Figure 4). 

Diffusion Limit through the Nuclear Membrane is Increased 
in Benzyl Alcohol Treated Yeast Cells
In order to test the diffusion limit through NPCs, we used report-
er proteins LexA-NES-GFP and Pho4(Δ157-164)-GFP. Both 51.5 
kDa protein LexA-NES-GFP and 61.8 kDa protein Pho4(Δ157-

Figure 2. Nuclear envelope phenotype of benzyl alcohol treated 
cells. a) Yeast cells were transformed with pRS315-GFP-NUP49 
and analyzed using fluorescence microscopy. b) Yeast cells, 
transformed with pRS315-GFP-NUP49, were treated with 1% 
benzyl alcohol for 15 min and analyzed with fluorescence 
microscopy. Bars, 5 μm.

Figure 4. Npl3[S411A]-GFP reporter was mislocalized in benzyl 
alcohol treated cells. Wild type cells were transformed with pRS315-
npl3[S411A]-GFP reporter, and analyzed before and after benzyl 
alcohol treatment, with fluorescence microscopy. Bars, 5 μm. 

Figure 5. Diffusion limit is increased in wild type cells upon benzyl 
alcohol treatment. Wild type cells were transformed with pRS314-
LexA-NES-GFP reporter, and analyzed before and after benzyl 
alcohol treatment, with fluorescence microscopy. Bars, 5 μm.

Figure 3. NLS-GFP and NES-YFP reporters were mislocalized in 
benzyl alcohol treated cells. Wild type cells were transformed with 
pADH1-NLS-2GFP-TRP1 and pADH1-NES-YFP-TRP1 reporters, 
and analyzed before and after benzyl alcohol treatment, with 
fluorescence microscopy. Arrows show the nucleus. Bars, 5 μm. 
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164)-GFP were excluded from the nucleus in yeast cells, but 
mislocalized inside the nucleus upon benzyl alcohol treatment 
(Figures 5 and 6). Thus, the diffusion limit increased upon ben-
zyl alcohol application. 

Mitochondria is Intact in Benzyl Alcohol Treated Yeast Cells
Disruption of the cell membrane as well as defects in nuclear 
pore function raises the question whether other organelles are 
also affected. In order to test this question, we performed an 
MTT mitochondrial functionality assay (24). This analysis re-
vealed that benzyl alcohol treated cells have functional mito-
chondria, with no detectable loss in MTT activity (Figure 7). 

DISCUSSION

We have previously shown that benzyl alcohol acts as an anti-
fungal agent against S. cerevisiae cells (15), and causes defects 
in the cell wall and cell membrane structures (17). In this study, 
we wanted to unearth any effects of benzyl alcohol on the or-
ganelle membranes of yeast cells. Visualization of the nuclear 
membrane by means of labelling the Nup49 protein a protein 
in the structure of nuclear pore complex that is embedded to 
the nuclear membrane with GFP, revealed that benzyl alcohol 
treated yeast cells had highly deformed nuclear membranes 
(Figure 2).

We have recently reported that certain stress conditions, in-
cluding benzyl alcohol treatment, cause a reduction in Pom34 
protein levels in up to 20% of untreated cells after incubation 
with the compound (19). Benzyl alcohol treatment mislocalized 
POM34 mRNA towards the cytoplasmic fraction, reducing the 
translation of Pom34 protein. Since Pom34 is a protein in the 
structure of nuclear pore complexes (NPC), the gateways be-
tween the nucleus and cytoplasm, we asked whether benzyl 
alcohol treatment might affect NPC function. We first tested 
whether the benzyl alcohol treated cells mislocalized the NLS-
GFP (SV40 nuclear localization signal reporter protein fused 
with GFP) and NES-YFP (SV40 nuclear export signal reporter 
protein fused with YFP) reporters (Figure 3). In wild type cells 
with functional NPC, we expect NLS reporter protein to be 
found entirely in the nucleus and the NES reporter protein to 
be excluded from the nucleus and found in the cytoplasm (20). 
However, both reporters were mislocalized upon benzyl alco-
hol treatment in some yeast cells, pointing to a defect in NPC 
function (21, 22). 

In order to demonstrate defects in NPC function in benzyl al-
cohol treated cells in a more quantitative manner, we used a 
reporter based on the yeast shuttling protein Npl3 described by 
Madrid et al. (20, 23). Npl3 is a nuclear protein, and accordingly 
Npl3-GFP is exclusively nuclear in yeast cells, spectroscopically 
no detectable cytoplasmic signal in wild-type cells is observed. 
The Npl3[S411A]-GFP mutant, which cannot undergo Ser411 
phosphorylation, in contrast, partially mislocalizes to the cyto-
plasm (20, 23). Although Npl3[S411A]-GFP reporter localized 
mainly to the nucleus in wild type cells before treatment, benzyl 
alcohol treatment caused an increase in cells with cytoplasmic 
Npl3[S411A]-GFP (Figure 4). This result is similar to the mislocal-
ization of the same reporter in NPC defective cells (20).

Ions and small metabolites can freely diffuse through NPCs; 
however, molecules possessing a mass >40 kDa cannot diffuse 
and have to be actively transported (25). In order to test the 
diffusion limit through NPCs, we used reporter proteins LexA-
NES-GFP and Pho4(Δ157-164)-GFP, having an MW greater than 
the diffusion limit in yeast cells (26, 27). Both 51.5 kDa protein 
LexA-NES-GFP and 61.8 kDa protein Pho4(Δ157-164)-GFP were 
excluded from the nucleus in wild type cells, but mislocalized 
inside the nucleus upon benzyl alcohol treatment (Figure 5 and 
6). This result is also similar to the mislocalization of the same 

Figure 7. Mitochondria remains intact upon benzyl alcohol 
treatment. Optical density was measured at 570 nm using a 
spectrophotometer in order to determine the MTT reduction by 
yeast cells.

Figure 6. Diffusion limit is increased in wild type cells upon 
benzyl alcohol treatment. Wild type cells were transformed with 
pRS314-Pho4(∆157-164)-GFP reporter, and analyzed before and 
after benzyl alcohol treatment, with fluorescence microscopy. 
Bars, 5 μm.
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reporters in NPC defective cells (20). Thus, we conclude from 
these observations that wild type cells treated with benzyl alco-
hol show various defects in nuclear pore function and diffusion 
limit is increased in these cells. 

CONCLUSION

Considering our previous results showing that benzyl alcohol 
inhibits translation of Pom34 protein, a transmembrane protein 
in the structure of NPC, we propose that this antifungal agent 
targets NPC structures. Benzyl alcohol causes structural and 
functional defects in the NPC, which perhaps contributes to 
the antifungal activity of this molecule (28). These observations 
extend our understanding of the mechanism of action of mem-
brane fluidizer alcohols against yeast cells. 
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INTRODUCTION

Chronic liver disease is the most important disease 
globally (1). Fibrosis is a wound healing state that de-
velop as a result of a response to liver injury due to dif-
ferent etiological causes, and are also a dynamic pro-
cess involving unbalanced synthesis and destruction of 
extracellular matrix (2-5). Chronic liver disease is caused 

by liver fibrosis, hepatocyte damage, aggregation of 
platelet and inflammatory cells, stimulation of Kupffer 
cells, and finally discharge of cytokines and growth fac-
tors, respectively (6,7).

Obstruction in the bile duct preventing the flow of bile 
acids causes the accumulation of toxic bile components, 
which leads to the formation of reactive oxygen/nitro-
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ABSTRACT

Objective: The aim is to examine the possible protective effect of Cuscuta sp. extract against liver damage induced by biliary 
obstruction in rats. 

Materials and Methods: To induce biliary obstruction, the bile duct ligation (BDL) method was used. Sprague Dawley rats 
were allocated to 4 groups: Control (C), Cuscuta (CUS), bile duct ligation (BDL), and bile duct ligation + Cuscuta (BDL+CUS). 
Control and BDL rats were given physiological saline (SF), while CUS and BDL+CUS groups were administered 250 mg/
kg of Cuscuta extract by oral gavage. At the end of 28th day, the rats were decapitated, serum and tissue samples were 
collected, and aspartate aminotransferase (AST), alanine transaminase (ALT), and direct and total bilirubin (DB and TB) levels 
were determined in blood samples. In liver tissues, transforming growth factor-β (TGF-β), 8-hydroxyguanosine (8-OHdG), 
hydroxyproline, and sodium–potassium ATPase (Na+/K+-ATPase) levels were determined.

Results: Serum samples of rats with cholestasis had high ALT, AST, DB, and TB levels, while TGF-β, 8-OHdG, and hydroxyproline 
concentrations were found to be significantly high in tissues. Hepatic Na+/K+-ATPase levels were decreased through biliary 
obstruction. Biochemical parameters were drastically reversed by Cuscuta care; also, this was supported histologically. 

Conclusion: Results showed that Cuscuta extract, through its antioxidant and anti-inflammatory properties, provided 
protection against oxidative injury by biliary obstruction. Also, these results confirm the traditional use of Cuscuta sp. as 
hepatoprotective.
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gen derivatives in the liver (8). In vitro studies have shown that 
these harmful derivatives are formed when hepatocytes are 
treated with bile acids (9). Mitochondria is the main organelle 
from which reactive products are produced. Free radicals orig-
inating from hepatic mitochondria cause damage to liver cells 
and constitute the underlying causes of fibrosis (10). Consider-
ing that these factors have a momentous impact on pathogen-
esis, suppression of radical formation can prevent inflammation 
and fibrosis. Although various models have been used to devel-
op liver fibrosis, bile duct ligation has the most clinical relevance.

The adverse effects of drugs lead researchers to look for new 
drugs. Recently, drugs obtained from natural sources have been 
studied and new alternatives with anti-fibrotic properties con-
tinue to be sought. It has been reported that some herbs are 
used in traditional medicine for liver-biliary disorders. Along 
these lines, one of these herbs is the Cuscuta species, used by 
the public in the treatment of jaundice in Turkey (11). The spe-
cies of Cuscuta, known by the name Bostanbozan, are perenni-
al, chlorophyll-free, and parasitic plants (12,13). Cuscuta species 
are used in the treatment of jaundice in Denizli, Diyarbakır, and 
Manisa, as well as in the province of Mardin. It has also been 
reported that these species have traditional uses as diuretics, 
carminative, laxatives, and cholagogues (14-16). They contain 
several secondary metabolites, such as flavonoids (quercetin, 
hiperoside etc.), alkaloids (cuscutamine, lupanine etc.), steroids 
and sterols (campesterol, sesamin etc.), triterpenes (Lupeol, ur-
solic acid etc.), carotenoids (Lutein, lycopene), fatty acids (oleic 
acid, linolenic acid etc.), and other compounds (cuscutalin, am-
arvelin etc.) (17).

In this experiment, the aim is to examine the possible therapeu-
tic effect of Cuscuta sp. extract against liver damage induced by 
bile duct ligation (BDL).

MATERIALS AND METHODS

Animals and Ethics 
In this experiment, all procedures related to experimental an-
imals were performed according to NIH guidelines (NIH Pub-
lications No. 8023, revised 1978). Male Sprague Dawley rats 
(weighing 200-300 g) were kept at a constant temperature of 
22±2°C, 50%±5 humidity, and a light/dark cycle (12/12h). An-
imals were allowed ad libitum feeding. This experiment was 
guided with the approval of Animal Experiments Ethics Com-
mittee (03/03/2021, Decision No: 40.2021mar). 

Groups and Experimental Protocol
Rats were arbitrarily separated into 4 groups. The Control (C) 
and Cuscuta (CUS) groups were sham operated; Bile duct liga-
tion (BDL) and BDL+CUS groups were subjected to the BDL pro-
cedure. C, CUS, and BDL+CUS groups consisted of 12 animals, 
while the BDL group had 14 animals. Animals in the C and BDL 
groups were given 1 ml of saline orally, while methanol extract 
dissolved in distilled saline was given by oral gavage at a dose 
of 250 mg/kg for 28 days in the CUS and BDL+CUS groups. The 
Cuscuta dose was based on previous studies (15). Animals were 
weighed twice, at the beginning and end of the study (before 

decapitation). On the 28th day, the rats were decapitated, and 
blood and liver tissue samples were collected. Aspartate ami-
notransferase (AST), alanine transaminase (ALT), and direct 
and total bilirubin (DB and TB) levels were analyzed in blood 
samples, while transforming growth factor-β (TGF-β), 8-hydrox-
yguanosine (8-OHdG), and hydroxyproline and sodium-potassi-
um ATPase (Na+/K+-ATPase) were determined in liver tissues. In 
addition, histological examinations of liver tissue sections were 
performed under a light microscope. 

Bile Duct Ligation for Induction of Cholestasis
Under anesthesia (100 mg/kg ketamine and 0.75 mg/kg chlor-
promazine; i.p.), midline laparotomy was performed. By expos-
ing the common bile duct, a double ligation was applied. One 
of the ligatures was underneath the hepatic duct junctions and 
the other one was over the access to the pancreatic ducts. Bile 
ducts were cut between ligations (18).

Formulation of Plant Extract
The aerial parts of Cuscuta sp. were purchased from an herbal-
ist in the Midyat district of Mardin in May 2018. The plant was 
identified by Asst. Prof. Dr. Ahmet Doğan; a sample of the plant 
was made into a suitable herbarium sample and recorded by as-
signing it an herbarium number in the Herbarium of the Faculty 
of Pharmacy of Marmara University (MARE No: 22668).

After the dried aerial parts of the plant were dusted, approx-
imately 757.06 g was weighed and macerated with 1600 mL 
of methanol for 10 days. The solvent of methanol extract ob-
tained after filtration was vaporized using a rotary evaporator 
(Rotavapor® R-300). The methanol extract obtained with a yield 
of 10.83% was kept at +4ºC until analysis.

Biochemical Analysis 

Determination of the DPPH (2,2-diphenyl-1-picrylhydrazyl) 
Radical Scavenging Activity of Plant Extract
The antioxidant level of Cuscuta sp. extract was designated in 
compliance with the method of Zou et al (19). The percent free 
radical scavenging of the extract was computed according to 
the formula below.

DPPH radical scavenging percent (%): (A control - A sample / A 
control) x 100

The Control contained DPPH• solution and dimethyl sulfoxide 
(DMSO). The sample contained DPPH• solution and sample solu-
tions. The inhibition concentrations (IC50) of extract that scavenge 
50% of DPPH radical were calculated by plotting an inhibition 
graph based on concentrations of extract using the GraphPad 
Prism 6 program. Ascorbic acid was used as a reference standard. 
Measurements were repeated three times.

ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic 
acid)) Radical Cation Scavenging Activity Determination of 
Plant Extract
To produce ABTS•+ used in the determination of total antioxi-
dant capacity of the extract, 7 mM ABTS was mixed with 2.45 
mM K2S2O8 and left in the dark for 16 hours at room tempera-
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ture (23°C) to complete reaction. The ABTS•+ solution was dilut-
ed with an ethanol (96%) solvent of analytical purity to give an 
optical density value of 0.700±0.050 at 734 nm. From the stock 
solution prepared in DMSO at a concentration of 5 mg/mL from 
extract, solutions at different concentrations were prepared 
by making 1:8 dilutions. 10 µl of each prepared solution was 
moved to the assay plates. 190 µl ABTS•+ solution was added. 
Immediately, the solution was placed at room temperature and 
kept there for thirty minutes; optical density was measured at 
734 nm. Trolox was used as a standard and outcomes were ex-
pressed as IC50 value. The test was repeated three times (19).

Anti-inflammatory Activity of Plant Extract
For the detection of anti-inflammatory activity, Phosrithong et 
al.’s method was used with revisions (20, 21). 20 µL of ethanol, 
20 µL of BBS (Borate buffered saline), and 25 µL of type 5 soy 
lipoxygenase solution (20.000 U/mL) were added to 10 µL of 
extract/standard at different concentrations. After the mixture 
was incubated for five minutes at 25°C, 100 µL of 0.6 mM linole-
ic acid solution was added, the mixture was thoroughly mixed, 
and the absorbance change at 234 nm was noted for six min-
utes. Indomethacin was used as a reference standard. Percent 
(%) inhibition was computed with the formula below.

% Inhibition: [(A control − A sample) / A control] × 100

A dose-response curve was charted to conclude IC50 values. IC50 
is outlined as enough concentration to obtain 50% of the max-
imum anti-inflammatory activity. All analyses were executed in 
triplicate.

Determination of Total Phenol Compound of Plant Extract
The total phenol content (TFB) of the extract was determined 
using the Folin-Ciocalteau solution, according to Gao’s method 
(21.22). Solutions of various concentrations were prepared by 
dilutions made from stock solution prepared in DMSO at a con-
centration of 5 mg/mL from extract. 10 µL of these solutions 
were taken into microplates, and then 20 µL of Folin-Ciocalteau 
solution, 200 µL of ultrapure water, and 100 µL of 15% Na2SO4 
were added, respectively. Solutions were read against a blank 
formed by replacing only extract with the same amount of 
DMSO, with the other components remaining constant at 765 
nm optical density. For standard curve plot, optical density cor-
responding to each concentration was measured using gallic 
acid (500-0.977 µg/mL). The amount of TFB of extract was cal-
culated from this graph and scores were determined as mg GAE 
(Gallic Acid Equivalent)/g plant extract. The measurements of 
extract were repeated three times and the measurements of 
standard curve were repeated five times.

Examination of the Serum Samples
Liver enzymes (ALT and AST), TB, and DB were surveyed to as-
sess BDL-induced liver injury using commercial kits (BT Labora-
tory, Shanghai) (23). 

Examinations of Tissue Samples
Na+/K+-ATPase activity in tissue were determined using a com-
mercial kit (AFG, EK720668) in accordance with the manufac-

turer’s procedure. After tissue samples were homogenized in a 
phosphate-buffered saline (PBS) with pH 7.4, they were centrif-
ugated at 3000 rpm at +4°C and used aiming at upper phase. 
The measuring range of the kit is 50-1000 pg/mL, and the sen-
sitivity is 20 pg/mL. Standard solution in the range of 900 pg/
mL-75 pg/mL was set by diluting stock standard in the kit (1350 
pg/mL). 

TGF-β levels in the tissue were determined using a commercial 
kit (AFG, EK720060) in accordance with the manufacturer’s pro-
cedure. After tissue samples were homogenized in PBS (pH 7.4), 
they were centrifugated at 3000 rpm at +4°C and used aiming 
at upper phase. The measuring range of the kit is 10 ng/mL-200 
ng/mL, and the sensitivity is 3 ng/mL. The standard solution in 
the range of 150 ng/mL-12.5 ng/mL was set by diluting stock 
standard (225 ng/mL) in the kit.

Hydroxyproline levels in the tissue were determined in accor-
dance with manufacturer’s procedure using a commercial kit 
(AFG, EK720734). After tissue samples were homogenized in 
PBS (pH 7.4), they were centrifugated at 3000 rpm at +4°C and 
used aiming at upper phase. The measuring range of the kit is 
1 ug/mL-20 ug/mL and the sensitivity is 0.5 ug/mL. Standard 
solution in the range of 15 ug/mL-1.25 ug/mL was set by dilut-
ing the stock standard (22.5 ug/mL) in the kit.

8-OHdG concentration in the tissue was determined using a 
commercial kit (AFG, EK720424) in accordance with the man-
ufacturer’s procedure. After the tissue samples were homoge-
nized in PBS (pH 7.4), they were centrifugated at 3000 rpm at 
+4°C and used aiming at upper phase. The measuring range of 
the kit is 0.625 ng/mL-20 ng/mL, and the sensitivity is 0.078 ng/
mL. The standard solution in the range of 15 ng/mL-1.25 ng/mL 
was set by diluting stock standard (22.5 ng/mL) in the kit.

Light Microscopic Preparation
For light microscopic examinations, samples from the liver were 
fixed with 10% formaldehyde, diluted alcohol was then cleared 
using toluene, and they were embedded in paraffin and cut in 5 
µm in thickness. Liver tissue slices were stained with hematox-
ylin for histopathological evaluation, then inspected and shot 
with the digital camera (Olympus, Tokyo, Japan) of a photomi-
croscope (Olympus BX51, Tokyo, Japan).

Statistical Analysis
GraphPad Prism 5.0 (GraphPad Software, San Diego; CA; USA) 
was utilized to perform statistical evaluations. All numeric re-
cords were expressed as means±SEM. ANOVA was used to com-
pare groups of data followed by Tukey’s multiple comparison 
tests. Values of p<0.05 were considered significant.

RESULTS 

Anti-Inflammatory, Antioxidant Activities and Total Com-
pound Contents of Dodder (Cuscuta sp.) Methanol Extract
Low IC50 value obtained in the measurements (the concentra-
tion that removes 50% of the radical or halts the enzyme’s ac-
tivity by 50%) implies high activity. When Table 1 is examined, 
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CUS extract showed remarkable antioxidant activity against the 
DPPH radical, with an IC50 value of 125.5 µg/ml. The obtained 
extract also exhibited significant antioxidant activity against 
the ABTS radical, with an IC50 value of 138.9 µg/ml. It was ob-
served to have noteworthy anti-inflammatory activity against 
the 5-LOX (5-Lipoxygenase) enzyme, with an IC50 value of 103.5 
μg/ml. The total amount of phenolic compounds of dodder 
plant extract was found to be 38.58 mg/g, equivalent to gallic 
acid in g extract (Table 1).

Cirrhosis Caused by Liver Damage and Related Urine Color 
Changes
As shown in Figure 1, changes occurred due to cirrhosis devel-
oping as a result of liver damage.

Evaluation of Body Weight
When body weights were compared at the beginning (t1) and 
the end of study (t2), there were significant differences be-
tween the groups’ own t1 and t2 values (***p<0.001), and it was 
seen that there was weight gain in all groups. However, there 
was no statistically significant difference between both t1 and 
t2 of groups (Table 2). It is expected that there will be weight 
gain due to acid that develops in the body, so we measured 
the weights to observe this, but there was an increase in other 
groups because there was normal physiological weight gain in 
the process.

Findings of Serum Samples
The serum AST, ALT, DB, and TB levels of the BDL group were 
found to be significantly greater (p<0.001) compared to the C 

Table 1. Antioxidant/anti-inflammatory activity and total phenolic compound content of methanol extract-obtained Cuscuta sp.

Experiments
Cuscuta sp. 

methanol extract
Ascorbic Acid Trolox Indomethacin

DPPH radical scavenging activity (IC50 μg/mL) 125.5±0.14b 17.6 ±0.37a

ABTS radical scavenging activity (IC50 μg/mL) 138.9±0.28b 13.00 ±0.21a

Anti-lipoxygenase activity (IC50 μg/mL) 103.5±4.72b 22.39±0.26a

Total phenolic compound content (mg GAE/g extract)* 38.58±0.39b

* Total phenolic content was expressed as gallic acid equivalent (GAE). 
Each value in the table is given as mean±SD (n=3). Different letter superscripts in the same line indicate a statistically significant difference (p<0.05).

Table 2. The body weights (g) of groups measured at the beginning of experiment (t1) and at the end of experiment (t2).

Body Weights C CUS BDL BDL+CUS

t1 224±7.1 220±4.6 235±4.7 239±5.1

t2 279±6.3 *** 266±10.1*** 280±10.5*** 285±5.8***

C: Control, BDL: Bile duct ligation, CUS: Cuscuta sp. ***p<0.001: comparisons between t1 and t2

Figure 1. The urine colors of treated groups at the end of the experiment. C: Control, BDL: Bile duct ligation, CUS: Cuscuta sp. 
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group, while the AST, ALT, DB, and TB levels of the treated group 
were significantly lower than the BDL group (p<0.01-0.001). 
However, the serum AST, ALT, DB, and TB levels of CUS-treat-
ed BDL group were found to be significantly (p<0.001) greater 
than those of the C group (Table 3). 

Biochemical Findings of Liver
TGF-β, 8-OHdG, and hydroxyproline levels were significantly 
greater (p<0.05, p<0.01) in the liver tissues of the BDL (sa-

line-treated) group compared to the C group, while these 
levels were significantly lower in the CUS-treated BDLgroup 
compared to the BDL group (p<0.05-0.01) (Figures 2a, 2b, 
2d).

Na+/K+-ATPase activity were found to be significantly lower 
(p<0.05) in the liver tissues of the BDL group compared to the 
C group. On the other hand, Na+/K+-ATPase activity tended to 
increase, but this was not significant (Figure 2c).

Table 3. Serum AST, ALT, DB, TB values.

Serum C CUS BDL BDL+CUS

AST (U/L) 137.8±5.5 133.0±7.6 435.5±28.8*** 304.3±4.318***, +++

ALT (U/L) 55.3±4.8 52.3±4.4 142.0±5.6*** 91.3±5.8***, +++

DB (mg/dl) 0.4±0.2 0.4±0.2 4.8±0.3*** 3.5±0.3***, ++

TB (mg/dl) 0.4±0.04 0.5±0.04 5.5±0.4*** 4.2±0.32***, ++

 Serum AST (Aspartate Aminotranferase), ALT (Alenine transaminase), DB (Direct Bilirubin), TB (Total Bilirubin) values. *p<0.05, **p<0.01, ***p<0.001 compared to 
control group, +p<0.05, ++p<0.01, +++p<0.001 compared to BDL group.

Figure 2. TGF-β, 8-OHdG, Na+/K+-ATPase, and Hydroxyproline results of liver tissue. TGF-β: Transforming growth factor, 8-OHdG: 8-hy-
droxy-2’-deoxyguanosine, Na+/K+-ATPase: Sodium-Potassium adenosine triphosphatase, C: Control group, BDL: Bile duct ligation, CUS: 
Cuscuta sp. ANOVA for statistical analysis. *p<0.05, **p<0.01; Compared to control group, +p<0.05, ++p<0.01; Compared to BDL group.
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Histological Evaluations
The light microscopic assessment of the control group (Figure 
3a) showed a steady form of liver parenchyma through intact 
hepatic cells, sinusoids, and the portal tract. A steady form of 
liver parenchyma through intact hepatic cells and portal tract, 
mild sinusoidal obstruction was detected in the C+CUS group 
(Figure 3b). Disorganized hepatic cords, severe increase of de-
generated hepatocytes, bile duct proliferation, and inflamma-
tory cell infiltration were seen in the saline-treated BDL group 
(Figure. 3c). Moderate decrease in the count of deteriorated he-
patocytes, disorder of hepatic cords, drop in bile duct prolifera-
tion (ductular reaction), and inflammatory cell infiltration were 
observed in the BDL+CUS group (Figure. 3d).

DISCUSSION

The liver is a vital organ that plays an important role in the con-
figuration and secretion of bile, as well as the excretion of toxic 
substances through bile ducts (24). Liver fibrosis is a reversible 
wound-healing response characterized by extracellular matrix 
(ECM) deposition and develops after liver injury (25). Delay in 
treatment can lead to life-threatening hyperammonemia, he-
patic encephalopathy, and cirrhosis with high morbidity and 
mortality rates (26-28). 

Different experimental studies have been conducted to slow or 
reverse the development of liver fibrosis; however, no effective 
treatment has been found for clinical use (29). There are many 
studies using anti-fibrogenic agents. However, in traditional 

Figure 3. The representative light micrographs of liver samples in experimental groups. Normal liver parenchyma with hepatocytes, 
sinusoids, and portal tracts are seen in the C group (A). Normal liver parenchyma with hepatocytes, portal tracts, and mild sinusoidal 
congestion (*) are seen in the C+ CUS group (B). Disorganization of hepatic cords, sinusoidal congestion (*), increased number of degen-
erated hepatocytes (arrowhead), bile duct proliferation within portal tract and within acini (arrow), and inflammatory cell infiltration (i) 
in parenchyma (C) are seen in the BDL group. Mild sinusoidal congestion (*), disorganization of hepatic cords, decrease in degenerated 
hepatocytes (arrow), and decreased bile duct proliferation (arrow) are seen in the BDL+CUS group (D). Hematoxylin and eosin staining, 
Scale bars: A, B and insets in C and D: 20 µm, C and D: 50 µm. BDL: Bile duct ligation, CUS: Cuscuta sp., C: Control
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medicine, natural products that are less toxic and cause side 
effects are also used instead of chemical anti-fibrotic drugs. 
These natural products are still in the experimental stage and 
are counted as therapeutic interventions (30). 

Today, medicinal plants and products are being researched in 
the treatment of various diseases (31). In a detailed literature 
review, different types of Cuscuta (dodder) were found to have 
various biological effects, such as antitumor, antimicrobial, 
hepatoprotective, anticonvulsant, immunostimulant, antioxi-
dant, α-glucosidase inhibitor, anti-inflammatory, diuretic, an-
algesic, antipyretic, neuroprotective, antiulcer, antispasmodic, 
antihypertensive, cardiotonic, and muscle relaxant (12,13,32). 
Similarly, in Turkey, it has been reported that some plants in tra-
ditional medicine are used in liver-biliary disorders. These spe-
cies are used by the public in the treatment of jaundice (12,32). 
One of these species is the Cuscuta species (i-iv). Accordingly, in 
this study, liver damage was developed by creating cholesta-
sis with BDL, and the treatment effect was investigated with an 
extract prepared from a traditional plant, the Cuscuta species. 

Blood ALT and AST concentrations are well known as sensitive 
indicators of potential tissue damage, mainly liver toxicity (33). 
ALT and AST are known as aminotransferases involved in gluco-
neogenesis (34,35). AST is found in both cytosol and mitochon-
dria of hepatocytes, while ALT is found only in cytosol (36-39). 
These enzymes leak into blood as a result of damage to hepato-
cytes (40). Metabolic factors such as drug use, toxins, viruses, 
ischemia, and autoimmune liver damage may affect liver pa-
renchyma and increase AST and ALT values (23). Bilirubin, which 
is an important indicator of liver disease due to cholestasis, is 
the final breakdown product of hemoglobin and is directly or 
indirectly present in serum (41). According to scientific studies, 
direct bilirubin concentration increases due to BDL and in addi-
tion to the ALT, AST and bilirubin concentration in the BDL group 
were found to be remarkably greater than in the control group 
(42-44). In this study, the ALT, AST, and bilirubin concentration 
in the BDL group were found out to be greater than in the con-
trol group. According to another study on the curative effects of 
dodder plant extract on hepatotoxicity in rats, it was detected 
that ALT, AST, and bilirubin concentration were lower in groups 
treated with dodder plant extract compared to the model group 
(32). In agreement with these previous studies, in our study, the 
ALT, AST, and bilirubin levels of the BDL group were greater than 
those of the control group. Furthermore, in the BDL+CUS group, 
treatment with dodder plant extract, although not as high as 
control levels, significantly decreased these levels.

Sodium/potassium adenosine triphosphatase enzyme takes 
part in the structure and physiology of liver cells by providing 
sodium and potassium balance in all cell membranes (45). Ac-
cording to studies, it has been observed that BDL reduces the 
levels of Na+/K+-ATPase in liver tissue (46,47). In our study, the 
Na+/K+-ATPase activity of liver tissues of the BDL group were 
found to be lower than those of the control group. Shin et al 
demonstrated that decrease in renal Na+/K+-ATPase enzyme 
synthesis in a rat model of ischemia/reperfusion, while it was 

reversed by using dodder plant extract (48). In our study, the 
obtained hepatic Na+/K+-ATPase activities consistent with the 
literature were found to be significantly lower in cholestatic rats 
compared to the control group, while Na+/K+-ATPase activities 
were observed to be increased in the group treated with dod-
der plant extract.

Although free radicals are formed continuously in organisms 
during metabolic activities, they are scavenged by the endog-
enous antioxidant system. However, they have very harmful ef-
fects when they occur at a level that exceeds antioxidant system 
capacity. They are known to damage macromolecules, espe-
cially lipids, proteins, and nucleic acids, and are responsible for 
the pathogenesis of many diseases (49). The most widely used 
oxidative DNA damage indicator is 8-OHdG (50,51). Studies in 
cholestatic rats, and increased levels of 8-OHdG in liver tissue 
demonstrate oxidative damage in tissue due to BDL (52-54). In 
parallel with this information, in our study, the 8-OHdG levels of 
the liver tissues of the BDL group were found to be greater than 
those of the control group. According to a study, Ganoderma 
lucidum, an antioxidant and medicinal plant, ameliorates high 
8-OHdG enzyme levels in liver tissues due to BDL (55). Likewise, 
in our study, a significant increase was seen in the concentra-
tion of 8-OHdG in the BDL group, and a significant reduction 
was observed in the level of the relevant damage marker in the 
rats treated with an antioxidant-effective dodder plant extract. 

TGF-β is a regulator that has an essential role in the physio-
logical and pathological changes of the liver, as well as in liver 
damage, inflammation, and fibrosis (56). Various studies have 
reported that TGF-β concentration is greater in the BDL group 
than in the control group and contributes to development of 
fibrosis as a proinflammatory cytokine (57-59). In parallel with 
this information, TGF-β concentration of liver tissues in the BDL 
group was found to be greater than in the control group in our 
study. According to a study examining its possible therapeutic 
effects on liver damage, the application of dodder plant extract 
was reported to be a hepatoprotective agent and alleviated 
an increase in TGF-β levels (21). In our study, it was found that 
TGF-β level was significantly greater in the BDL group com-
pared to the control group. In addition, a diminution in TGF-β 
concentration was seen in the group treated with dodder plant 
extract.

Active hepatic stellate cells transforming into myofibroblasts 
increase hydroxyproline levels, which then cause collagen pro-
tein production and fibrosis (60,61). Consequently, hydroxy-
proline is used as a marker to assess the level of liver damage. 
According to studies on liver fibrosis in the BDL rat model, the 
hydroxyproline level of the BDL group was found to be signifi-
cantly greater than in the control group (62-64). Similarly, in 
our study, the hydroxyproline concentration of liver tissues of 
the rats with BDL was found to be significantly greater, while 
a significant drop was observed in the hydroxyproline concen-
tration of CUS treatment. It is thought that, as shown in our in 
vitro analyses, the anti-inflammatory properties of the CUS ex-
tract contribute to this effect, and thus it protects the tissue by 
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suppressing both TGF-β and collagen formation. Our histolog-
ical findings also supported biochemical results, as significant 
damage was seen in the liver tissue of the BDL group and this 
damage was healed in liver tissue of the BDL group treated with 
dodder plant extract (32).

In vitro studies in the current study also supported in vivo stud-
ies. It has been found that the Cuscuta species have good an-
tioxidant and anti-inflammatory activity as well as total phe-
nolic content. A review study also confirmed that the plant 
has a DPPH radical scavenging effect and a good total phenol 
content (13). It has been reported that Cuscuta species are rich 
in phenolic compounds, especially flavonoids (17). Phenolic 
compounds have a hepatoprotective effect (65). Therefore, this 
group of compounds may be responsible for the hepatoprotec-
tive effect of the Cuscuta sp.

As a result, through the findings of the study, it has been seen 
that dodder plant extract has a possible protective effect 
against liver fibrosis caused by the BDL technique. This protec-
tive effect of dodder plant extract can be explained by its an-
tioxidant, anti-inflammatory, and hepatoprotective effects. For 
this reason, it is thought that dodder plant extract may have a 
promising role in the treatment of liver fibrosis, with the sup-
port of clinical studies in future.

CONCLUSION

Our biochemical and histological results, obtained with the 
investigated parameters, suggest that Cuscuta sp. methanol 
extract may be beneficial for liver diseases and needs more de-
tailed studies in the future. Accordingly, we concluded that it 
may have a role in the treatment of liver fibrosis if supported by 
future clinical studies. Also, these results confirm the traditional 
use of Cuscuta sp. in the treatment of liver disease.
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INTRODUCTION

Legionella causes either influenza-like Pontiac fever or 
Legionnaires’ disease, which is more dangerous due to 
the potential for pneumonia developing in the lungs. 
In 1976, during the Legion Congress, epidemic diseas-
es and deaths were revealed in a hotel in the city of 
Philadelphia, USA. It was thought the outbreak was 
caused by the water used in the hotel. In 1977, a bac-
terium isolated from the hotel’s water was revealed to 
be pathogenic and called Legionella by McDade et al. 
(1). Additionally, the disease was called Legionnaires’ 

disease by Fraser et al. (1). Legionella is recognized as 
a waterborne environmental pathogen (2, 3). Legio-
nella lives and proliferates by forming colonies in the 
biofilms of water systems (2-4). Thus, they represent 
a great danger to humans (5, 6). Additionally, they 
can resist environmental conditions by forming an 
exopolysaccharide matrix or by entering a “viable but 
non-culturable” state. These are important strategies 
that enable L. pneumophila to adapt to different envi-
ronmental characteristics such as water temperature, 
flora, nutrients, chemicals, and chlorination, while also 
gaining resistance to disinfectants (7). For this reason, 
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ABSTRACT

Objective: Legionella bacteria are waterborne environmental pathogens that are considered a public health problem 
because they cause Legionnaires' disease, which is a nationally notifiable disease. 

Materials and Methods: Legionella analysis was performed in a total of 651 water samples collected during the years 
2015 (450) – 2016 (201). Water samples were collected from hospitals (64.66%), hotels (15.05%), the automotive industry 
(14.43%) and from the buildings (5.83%) in the Central Anatolia Region. After the isolation of Legionella by the filtration 
and culturing method, serogroup and subtypes were determined via latex agglutination tests and the direct fluorescent 
antibody method.

Results: In 2015, the Legionella positivity rate was 8.6%, where 28.2% of detections were from L. pneumophila serogroup-1. Six 
isolates were found to be Philadelphia, four were Olda, and one was Bellingham subgroup. Overall, 64.1% were L. pneumophila 
serogroup 2-14. Moreover, 14 isolates were SG-5, 10 were SG-6, and one was SG-10. 7.7% were unidentified Legionella species. 
The Legionella species identified were L. micdadei and L. longbeachae. In 2016, the Legionella positivity rate was 10.4%, with 
28.6% of them being from L. pneumophila serogroup-1. Four were found to be Olda and two were Philadelphia subgroups. 
Overall, 66.6% of them were L. pneumophila serogroup 2-14. Moreover, six of them were SG-5, four were SG-6, and four were 
SG-2. 4.7% were unidentified Legionella species. There was only one species detected as L. micdadei.

Conclusion: It has been observed that the distribution of Legionella has exhibited diversity in different water systems 
throughout the Central Anatolia Region.

Keywords: Legionella, water systems, DFA method, virulence, serotyping 
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the European Legionnaires’ Disease Surveillance Net and the 
World Health Organization emphasized that it is necessary for 
potentially dangerous water systems to be checked for Legio-
nella at regular intervals. 

The number of reported Legionnaires’ disease cases has in-
creased in the United States and in Europe (1). The industrializa-
tion of cities and the use of pools, spas, jacuzzis, air condition-
ing, shower systems, sports centers, and elderly care centers 
have caused the increased pollution of water resources, which 
has increased Legionnaires’ disease prevalence (4). It has been 
reported that Legionella especially affects elderly patients (8). 
Also, it more effectively invades suppressed immune systems 
and chronic disease patients. Additionally, health workers, 
smokers, agricultural workers, car washers, frequent travelers, 
and those staying in hotels are at risk (9, 10). 

Legionella has 62 different species (11) and more than 80 
serogroups (12), at least 21 of which cause infections in humans 
(3, 4). L. pneumophila is the most well-characterized strain, 
which causes 70-90% of all cases of legionellosis (13). The SG-1 
serogroup of L. pneumophila is the most prevalent disease-
causing variant (2), while serogroups 1, 4 and 6 are the causative 
agents of 85% of human infections (14). Other Legionella types 
that cause disease are L. micdadei, L. bozemanii, L. dumoffii, L. 
gormanii, and L. longbeachae (9). Additionally, L. pneumophila 
SG-1, SG-6, SG-7, and the species L. micdadei, L. feeleii, and L. 
anisa cause Pontiac fever (15). 

In 2014, the largest Legionella outbreak occurred in Portugal. 
During this outbreak, 14 out of 400 cases resulted in death. It 
was reported that the disease was transmitted from person to 
person and involved the L. pneumophila SG-1 1905 strain (16). 
Moreover, in Japan, there were four major outbreaks caused 
by public baths (17). Notably, hot springs and baths are more 
common sources of L. pneumophila than cooling towers, ac-
cording to the Japan National Center for Epidemiological Sur-
veillance and Infectious Diseases (18). In Poland, although it 
has been a nationally notifiable disease since 2002, low-cost 
techniques are preferred for the diagnosis of Legionella. Thus, 
cases of disease are only usually noticed in an advanced stage, 
which has resulted in a paucity of relevant data (8). In Turkey, 
Legionnaires’ disease was accepted as a nationally notifiable 
disease with the circular published by the Ministry of Health 
in 1996, and Turkey was included in the European Legionella 
Infections Working Group in 2001 (19). Detection of Legionel-
la species in domestic, hotel and hospital hot water systems is 
very important (20).

Legionella bacteria are pleomorphic structures and thus have 
different morphological and physiological characteristics in the 
same species, and this results in varied virulence characteristics 
(21). Additionally, they have advanced mechanisms to repro-
duce and survive in different hosts and environmental condi-
tions (22). For this reason, it is important to understand the vir-
ulence characteristics so that the disease can be detected more 
quickly and easily to apply necessary treatments.

The aim of this study is the determination of the species, sero-
groups, and subtypes of Legionella bacteria found in the water 
systems of hospitals, hotels, auto industry buildings, and build-
ings in different cities in the Central Anatolian Region. For this 
purpose, the serological typing of Legionella found in water sys-
tems was performed to detect Legionella contamination.

MATERIALS AND METHODS

Sample Collection
Legionella analysis in water systems has been routinely 
conducted in Turkey by the National Respiratory Pathogens 
Legionella Reference Laboratories of the General Directorate 
of Public Health in Ankara. In the present study, water samples 
were taken in 2015 and 2016 from hospitals, hotels, automotive 
industry buildings, and other buildings. The samples were 
then analyzed for Legionella. Water samples were collected 
from cooling towers, water tanks, and faucets/showerheads 
by qualified personnel in sterile containers. All samples were 
labeled, stored in a cool box at a temperature of up to 5 (±3)°C, 
and delivered directly to the laboratory within 24 h. Detailed 
information about water sample collection is available in the 
Legionnaires’ Disease Laboratory Diagnosis Guide (23).

Filtration and Culture
Since water samples were taken from different water systems 
(cooling towers, water tanks, and faucets/showerheads), the 
filtration methods performed were also different. The filtra-
tion processes for water were carried out in accordance with 
standardized methods by the General Directorate of Public 
Health (previously known as the Refik Saydam Hygiene Center 
Presidency) National Respiratory Pathogens Legionella Refer-
ence Laboratories, 1999 (19-23). According to this method, the 
filtration of the 50 ml water samples was performed in three 
different ways. Each sample was inoculated on two different 
media. One medium is inhibitor-free Buffered Charcoal Yeast 
Extract (BCYE), while the other is BCYE-based agar with dyes, 
vancomycin, polymyxin B, and glycine (a chemical used to pre-
vent the growth of environmental flora in water systems). We 
prepared all media for cultivating Legionella in our laboratory as 
described in the Legionnaires’ Disease Control Program guide. 
After cultivation, plates were incubated at 37°C in a humidity in-
cubator. For determination, suspected colonies were randomly 
chosen for subculture on both BCYE and 5% sheep blood me-
dium (non-cysteine) at the same time. If colonies only grew on 
BCYE but did not grow on the blood medium, they were consid-
ered to be Legionella. 

Isolation of Legionella
Firstly, gray-green and bright colonies that are similar to 
Legionella were examined under a colony microscope (Olympus 
SZ-40) for morphological assessment. After confirming the 
characteristic Legionella bacteria under the colony microscope, 
a second identification was made according to the protocol 
of the commercial agglutination kit (Oxoid, Latex; Oxoid 
Limited, UK). The latex agglutination test was performed for the 
identification of predominant Legionella species grown on plate 
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media with suspected Legionella bacteria. The Oxoid Legionella 
Latex Test allows the separate identification of Legionella 
pneumophila serogroup 1 and serogroups 2–14, as well as the 
detection of seven other Legionella species (L. longbeachae-1 
and 2, L. bozemanii-1 and 2, L. dumoffii, L. gormanii, L. jordanis, 
L. micdadei, and L. anisa). The kit contains blue latex particles 
that are sensitive to Legionella species and serotypes. It allows 
specific Legionella cell walls to bind together and form visible 
clusters. This ensures that the test is completed rapidly and easily 
for pathogenic Legionella species and serotypes identification. 
The result is positive if the agglutination of blue latex particles 
occurs within one minute and with no agglutination in the 
control circle. A positive reaction indicates the presence of 
antigens against the suspected Legionella in the sample and 
which serogroup or species it belongs to.

Direct Fluorescence Antibody Testing
Following identification, direct fluorescence antibody (DFA) 
testing was applied to identify serogroups 2–14, subtypes, and 
Legionella spp. using an m-TECH assay kit (m-TECH, Monoclonal 
Technologies Inc. Milton, GA). The DFA test is particularly useful 
for a rapid microscopic diagnosis to detect the presence of 
specific antigens of bacteria based on fluorescent-labeled 
antibodies binding to the target antigen of Legionella. According 
to the manufacturer’s protocol, Legionella bacteria are tagged 
with a monoclonal antibody treated with a fluorescein dye to 
form labeled antibody reagents against Legionella antigens. 
After the antibody binds to the antigen on the bacterial cell 
wall, it glows green under a fluorescence microscope. Firstly, 
Legionella sp. specimens were plated onto BCYE agar. The plates 
were then incubated at 37°C in 2.5% CO2 and in a humidified 
environment for 24–48 h. A clear suspension (McFarland 
No.1) in phosphate buffer from pure Legionella cultures were 
made to assist in the attachment of the cells to the diagnostic 
microscope slides, which have a black epoxy coating that 
includes a few circles. The bacterial isolates to be tested were 
fixed to a microscope glass slide, air dried, gently fixed with 
heat, and overlaid with the Fluorescein isothiocyanate (FITC)-
labeled antibody reagents directed against Legionella antigens. 
The diagnostic microscope slides were incubated for 20–30 
min at 37°C in 2.5% CO2 and in a humidified environment. 
They were then gently and individually rinsed with phosphate 

buffered saline (PBS) to remove the conjugates, resulting in 
the unbound antibodies being washed away. The slides were 
then immersed in individual jars containing PBS for five min. 
All slides were then rinsed with distilled water and air-dried. 
A mounting medium was then dropped onto the slides and 
coverslips were applied. The slides were then examined using a 
fluorescence microscope without delay (24). Both a polyvalent 
positive control antigen and a negative control conjugate were 
run with each test.

Fluorescence Microscopy
The microscope slides were examined under a fluorescence 
microscope (Leica DM1000). The FITC-labeled antibody binds 
specifically to any Legionella antigen in the sample isolate. If 
no Legionella antigen is present, the antibody reagent does 
not bind and is removed during the washing steps. The FITC-
labeled antibody-antigen complex is detected by glowing a 
bright green color, and Legionella cells appear to glow as green 
bacilli under a fluorescence microscope. 

RESULTS

Microscopy and Isolation of Legionella
Overall, 651 water samples were examined for Legionella be-
tween 2015 and 2016. In 2015, 278 hospitals, 98 hotels, 53 au-
tomotive industry buildings and 21 other buildings were ana-
lyzed. In 2016, 143 hospitals, 41 auto industry buildings and 17 
other buildings were analyzed (Figure 1). After 3–5 days from 
filtration to cultivation, the plates were checked and the outer 
morphologies (edges) of colonies were examined under a col-
ony microscope. Colonies suspected of being Legionella have a 
smooth surface and are slightly convex with a gray-white center 
as well as green, blue, purple, and pink edges with a cut glass 
appearance.

Identification of Legionella
Identification tests were performed for the typing of Legionella 
(Figure 2). According to the typing with the latex agglutination 
test for 450 samples in 2015, 39 (8.6%) samples tested 
positive for Legionella. The serogroups found were as follows: 
L. pneumophila SG-1, 11 (28.2%); L. pneumophila SG-2-14, 25 
(64.1%); Legionella spp. 3 (7.7%) (Figures 2a, 3a). According to 
the typing of 201 samples in 2016, 21 (10.4%) samples tested 

Figure 1. Distribution of water sample sources for the years 2015 (a) and 2016 (b).
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positive for Legionella. The serogroups found were as follows: 
L. pneumophila SG-1, six (28.6%); L. pneumophila SG-2-14, 14 
(66.6%); Legionella spp. 1 (4.7%) (Figures 2b, 3b). 

Serotyping with DFA and Fluorescence Microscopy
According to the subtyping of samples collected in 2015, the 
following results were found. Overall, 11 cases of L. pneumophila 
serogroup-1 were found: six as Philadelphia (hotel washstand, 
automotive industry building shower, hospital room water); 
four as Olda (hospital collector, heated shower in an automotive 
industry building); one as Bellingham (intensive care washstand 
of a hospital) (Figure 4). Overall, 25 cases of L. pneumophila sero-
group 2-14 were found: 14 were SG-5 (in the rooms, toilets, and 
showerheads of a hospital, water boiler); 10 were SG-6 (hospi-
tal rooms, water boiler); one was SG-10 (hospital room) (Figure 
5). Two other Legionella species were found (L. micdadei and L. 
longbeachae) in automotive industry cooling towers (Figure 6). 
According to the subtyping of samples collected in 2016, six of 
them were L. pneumophila SG-1—two were Philadelphia and 
four were Olda subgroups—and they were in the showerheads 
of automotive industry buildings (Figure 4). Overall, 14 samples 
with L. pneumophila serogroup 2-14 were found (6 were SG-5, 
in the hot water tank of a hospital, purification tower, and pool 

in a chemical industry building). Four of them were SG-6 (from 
the bathroom tap of a hospital, showerhead of a hospital room, 
and a hot water boiler). Four of them were SG-2 (from a tap, tap 
head, and showerhead from a hospital room) (Figure 5). Only 
one other Legionella species was found (L. micdadei) in an auto-
motive industry cooling tower (Figure 6). 

Figure 4. SG-1 Serogroups.

Figure 2. Distribution of serogroups for the years 2015 (a) and 2016 (b).

Figure 3. Percent distribution of serogroups for the years 2015 (a) and 2016 (b).
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According to the DFA method, Legionella bacteria glow green in 
color under a fluorescence microscope (Figure 7).

Locations and numbers of all serogroups and subtypes are 
shown in Table 1.

DISCUSSION

Legionella bacteria are waterborne pathogens that cause com-
munity-acquired Legionnaires’ disease, therefore many studies 
have been conducted to investigate the level of Legionella colo-
nization of water systems both in the world and in our country.

Leoni et al. studied 137 hot water samples from apartments, 
hotels, and hospitals. In apartments, there were 13 samples of L. 
pneumophila (four of them were SG-3 and SG-9, three of them 
were SG-6, two of them were SG-8), while four of them were 

other Legionella species (one L. micdadei, one L. bozemanii, and 
two unidentified Legionella). In hotels, there were four positive 
cases of Legionella (three cases of SG-1 and SG-6, one case with 
both SG-3 and SG-6). In hospitals, seven positive Legionella 
cases were found (five cases of SG-3 and two cases of other 
Legionella species (L. anisa and L. bozemanii were found at low 
rates) (20). The Legionella serogroups identified in the current 
study are compatible with the results of Leoni et al. 

Afacan et al. assessed water samples collected from touristic 
hotels in İzmir, Aydın, and Muğla provinces as well as Bodrum. 
Legionella analysis was performed on samples taken from the 
water systems of hotels (e.g., faucets, cooling towers, Jacuzz-
is). Legionella presence was determined by latex agglutination, 
while serogroups SG-2–14 were determined by DFA. It was not-
ed that all serogroups (SG-3,-6,-8,-10,-11,-13) were detected in 

Figure 5. SG-2-14 Distribution.

Figure 6. Legionella Species Distribution.

Figure 7. Legionella bacteria glowing green under a fluorescence microscope. Scale bar, 20 μm.
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İzmir, while SG-11 was detected in Aydın, SG-6 and SG-8 were 
detected in Muğla, and only SG-6 was detected in Bodrum. It 
was emphasized that although SG-1 is the most important 
cause of Legionnaires’ disease, other serogroups are also com-
mon in tourism regions of Turkey (25).

Tesauro et al. surveyed 271 samples from the hot water systems 
of two hospitals between 2004 and 2009. L. pneumophila preva-
lence was 37%, SG-2–14 prevalence was 68.3%, and SG-1 prev-

alence was 18.8%. Moreover, 12.9% of the water samples were 
positive for both SG-1 and SG-2–14 serogroups. After disinfec-
tion with chlorine dioxide five times, L. pneumophila concen-
tration reached acceptable limits. This suggests that chlorine 
dioxide application is effective at keeping L. pneumophila con-
centration within acceptable limits (26). In the current study, 
due to the high prevalence of SG2-14 in water systems, SG 2-14 
incidence was found to be 64% in 2015 and 67% in 2016; these 
findings are similar to the results of Tesauro et al.

Table 1. Locations and numbers of all serogroups and subtypes.

2015 2016

Serogroups 
Subgroups

Number Locations
Serogroups
Subgroups

Number Locations
L. pneumophila 
Serogroups

Philadelphia 4 Hotel washstand Philadelphia 2 Automotive industry 
showerhead

L. pneumophila 
SG-1

1 Automotive industry shower

1 Hospital room tap

Olda 2 Hospital hot water collector Olda 4 Automotive industry 
showerhead

1 Automotive industry hot 
shower

1 Residential hot water 
collector

Bellingham 1 Hospital intensive care 
washstand

SG-5 6 Hospital hot water tank SG- 2 2 Hospital room tap L. pneumophila 
SG 2-14

5 Hospital room showerhead

2 Hospital room tap 1 Hospital room tap head

1 Hospital toilet 1 Hospital room showerhead

SG-6 4 Hospital hot water tank SG-5 2 Chemical industry 
purification pool

4 Hospital room tap 2 Chemical industry 
purification tower-1

1 Hospital room showerhead 1 Chemical industry 
purification tower -2

1 Hospital toilet 1 Hospital hot water tank

SG-10 1 Hospital room tap SG-6 2 Hospital room showerhead

1 Hospital hot water tank

1 Hospital bathroom tap

L. micdadei 1 Automotive industry cooling 
tower

L. micdadei 1 Automotive industry 
cooling tower

Legionella spp.

L. longbeachae 2 Automotive industry cooling 
tower
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Akkaya et al. analyzed samples taken from various water sys-
tems in hospitals, schools, hotels, and residences in Kayseri, 
Turkey. Serogroups were determined by latex agglutination 
tests. Legionella was detected in eight (6.7%) of 120 water sam-
ples, with six of them being L. pneumophila SG-1 and two being 
other Legionella species. It was determined that the samples 
containing other Legionella species were taken from the show-
erheads of hotels, while those containing L. pneumophila SG-1 
were from a warehouse and the shower systems of hospitals 
(27). The method used in this study was similar to our study but 
the distribution of Legionella species was different.

In a study conducted by Burak et al., a total of 122 hot water and 
swab samples were taken from the showerheads of 61 houses 
that were investigated for the presence of L. pneumophila 
and free-living amoebas in 2009, in Istanbul. According to the 
results of this study, L. pneumophila was isolated from 13 houses 
(21.3%) and free-living amoebas were isolated from 19 (31%). L. 
pneumophila was isolated from 12 (19.6%) of the water samples 
and four (6.5%) of the swab samples. Among the isolated L. 
pneumophila, it was reported that 87.5% were L. pneumophila 
serogroup 2-14, while 12.5% were L. pneumophila serogroup 
1. Although there is no correlation between the presence of 
L. pneumophila and free-living amoebas, it was stated that 
there was a significant correlation between the presence of L. 
pneumophila and the presence of a central heating system (28). 
Due to the high SG 2-14 ratio, our results can be considered to 
be compatible with Burak et al.

İğnak et al. detected Legionella colonization in 7% of 100 water 
samples taken from showerheads, taps, and tank water in dif-
ferent locations within Istanbul University Medical Faculty Hos-
pital. A total of seven Legionella strains were isolated. Notably, 
three SG-1 and three Legionella spp. were found in the shower-
heads and faucets, while only one other Legionella species was 
found in tank water. Legionella SG-1 and other Legionella spe-
cies were especially found in pediatric departments. Additional-
ly, Legionella spp. were found in the tap water of anesthesiology 
and reanimation units. Legionella growth was not observed in 
the water systems of clinical units more distant from the water 
tank where growth was observed (29).

Ulleryd et al. investigated 61 environmental samples from 15 
cooling towers and 138 clinical samples. Overall, 84 patients 
linked to the study were hospitalized in an epidemic that lasted 
for weeks in the city of Lidköping, Sweden. Overall, two of 32 
patients died. Moreover, in an isolated sample, L. pneumophila 
SG-1 Benidorm and Bellingham were found. In three cooling 
towers, L. pneumophila SG-1 Benidorm, Bellingham, Portland, 
and Olda subgroups were found. Notably, cooling towers effec-
tively spread Legionella via aerosols during outbreaks (30). The 
identification of Bellingham and Olda subgroups in the current 
study is similar to the findings of these researchers.

In a study by Erdoğan et al., Legionella was isolated from 11 out 
of 13 water samples in a newly opened hotel during a small 
Legionella outbreak in Alanya in 2009. The hotel’s water systems 

and clinical samples were studied together. Water samples 
taken from 10 different parts of the hotel were examined. 
Moreover, six patients and 26 suspected cases staying in the 
same hotel were also examined. L. pneumophila SG-1 was found 
in 11 out of 13 water samples. All six patients were positive for 
L. pneumophila SG-1 in their urine. Moreover, SG-1 antibody 
positivity was observed in the serum of only one patient. No 
SG-1 positivity was observed in the urine of patients who 
applied with complaints of 26 other diseases. Although data 
could not be adequately collected and detailed tests could not 
be performed, it was thought that this outbreak was caused 
by the water systems in hotels, with water systems in newly 
opened hotels being at higher risk for Legionnaires’ disease (31).

Sepin Özen et al. studied a total of 1403 water samples from 56 
different hotels during January-December 2010 in Antalya, Tur-
key. L. pneumophila was isolated from 37.5% of the hotels and 
10.1% of water samples. It was reported that 85% of the samples 
were positive for L. pneumophila serogroup 2–14, while 15% of 
the samples were positive for L. pneumophila serogroup 1 (32). 

Quero et al. described and compared 528 isolates collected 
between 1989 and 2016. Typing studies were carried out us-
ing monoclonal antibodies (MAb) and sequence-based typing 
(SBT) methods. A total of 266 samples (109 clinical samples and 
157 environmental samples) were compared to each other. 
Clinical samples were divided into seven Dresden subgroups. 
It was indicated that Philadelphia (26.61%),   Knoxville (19.27%), 
Olda (14.68%) and Benidorm (14.68%) were the most frequent 
subgroups. In typing environmental samples using the Dres-
den Panel, Olda (33.1%) and non-SG-1 L. pneumophila (17.2%) 
were frequently detected. Although there is a high incidence 
of Legionnaires’ disease in Spain, this study was comprised of 
the Catalan and Valenciana regions. An L. pneumophila popu-
lation was found in clinical and environmental samples in the 
Valenciana region, while L. pneumophila was found only in clin-
ical samples from Catalan. It has been reported that this study 
is an important term of comparison for L. pneumophila typed 
with MAb and SBT for both clinical and environmental samples 
in Catalan (33). In our results, Olda subgroup in 2015 was 36%, 
non-SG-1 L. pneumophila was 8%; while in 2016 Olda was 67% 
and non-SG-1 L. pneumophila was 1%.

Zeybek et al. investigated Legionella and free-living amoebae 
in swimming pool samples from Istanbul using different meth-
ods. In this study, free-living amoebae were identified/found in 
four of the water samples and two of the biofilm samples via 
the culture method. Free-living amoebae were found in three 
water and three biofilm samples that could not be detected 
via the culture method. Legionella was only found in one bio-
film sample via the culture method. By using the fluorescence 
in situ hybridization (FISH) method, Legionella was detected in 
six water and seven biofilm samples. According to the results of 
this study, it was stated that the FISH method could be a more 
effective method for Legionella detection. However, it has been 
expressed that the culture method should be used for the cor-
rect isolation of Legionella bacteria (34).
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Papadakis et al. inspected and tested 3311 water samples from 
the hot and cold water systems of 132 hotels between 2000 and 
2019. The serogroups of L. pneumophila were determined via 
latex polyclonal antisera as SG-1 (27.92%) and SG-3 (17.08%). 
Moreover, it was found that 25.96% occurred in hot water 
distribution systems, 16.98% in cold waters, and 13.51% in swab 
samples. It has been reported that more than 80% of Legionnaires’ 
disease cases are caused by L. pneumophila serotype 1 (35). The 
incidence of SG-1 in the current study, 28% in 2015 and 2016, is 
consistent with the findings of Papadakis et al.

In another study by Yılmaz et al. in Turkey, the presence of 
L. pneumophila was determined in water samples taken 
from hospitals, hotels, Turkish baths, and shopping centers 
in Erzurum and nearby provinces. L. pneumophila was found 
in 65 of the 2025 water samples. L. pneumophila serogroup 
2–14 was detected in 46 (70.8%) of 65 positive samples, while 
L. pneumophila serogroup 1 was detected in 18 samples (27.7%). 
Additionally, L. pneumophila serogroup 2–14 and L. pneumophila 
serogroup 1 were detected (1.5%) in one water sample. It was 
indicated that the highest positivity rates were in hot water taps 
(11.6%), hot water tanks (6.1%), and showerheads (4.8%) (36).

Since clinicians need to recognize hospital-acquired 
Legionnaires’ disease, the identification of this disease is 
important. To achieve this, both the phenotypic and genotypic 
characteristics of the bacterium should be known in greater 
detail and should be detected more quickly. To understand 
the pathogenic effect of Legionella in humans, mechanisms 
such as attachment, entry to cells, and avoidance of the 
host’s immune system should be very well known. For these 
reasons, it is important to define the serogroups, subgroups, 
and strains of Legionella (8). Due to most nosocomial 
infections originating from water systems, hospitals are risky 
environments. Thus, L. pneumophila infections must be given 
greater attention in health institutions and organizations (20). 
All public buildings (including hotels, businesses, schools, 
apartments, and government buildings) and cooling towers 
should have water management plans. These plans should 
establish a program team, identify control measures and 
where they should be applied to stay within limits, monitor 
certain parameters to determine whether control measures 
are working, verify and validate the program, and document 
everything. It is also important that water entering domestic 
and public buildings should have a minimum disinfectant 
residual. In Turkey, the Ministry of Health issues guidelines 
about legionnaires’ disease control programs.

In our study, there are limitations and drawbacks. First of all, 
the clinical conditions of the people and the patients exposed 
to Legionella positive environments have not been evaluated. 
Secondly, in other studies, serotyping and subtyping were per-
formed using molecular methods for sequence analysis. Thirdly, 
the Legionella positivity of water samples after disinfection has 
not been analyzed to demonstrate the success of the disinfec-
tion process. 

On the other hand, the identification of Legionella in our sam-
ples indicates that water management plans should be imple-
mented in these locations. 

CONCLUSION

Various studies have been carried out in Turkey and abroad for 
the serological typing of Legionella bacteria. It was observed 
that there was much variation in the distribution of serogroups 
and subgroups. Since Legionella is a waterborne, travel-related, 
and community-acquired infection, it will be possible to ob-
serve different serogroups between countries. Identifying sero-
groups and subgroups is important for the diagnosis of infec-
tions. For this reason, it is important to conduct comprehensive 
and detailed studies. This study is important because it shows 
the distribution of serogroups and subtypes of Legionella bac-
teria for at least one region of Turkey. Thus, it should help inform 
further studies on this subject.
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INTRODUCTION

Mangroves are a unique ecosystem present in the 
tropical and subtropical parts of the world, and are 
considered the most productive coastal ecosystems. 
The sediments of mangroves harbor a great number 
of microbial communities composed mainly of bacte-
ria, fungi and actinomycetes, which perform nutrient 
transformation of the ecosystem (1). The yeasts present 
in mangrove sediments have gained attention during 
recent years by virtue of their potential characteristics. 
Due to their ecological flexibility, they can tolerate ex-

treme conditions like varying salinity, different envi-
ronmental temperatures, oxygen concentrations and 
changes in acidity (2). They reproduce and grow quickly 
on simple substrates, which are decomposed with the 
help of hydrolytic enzymes they produce (3). 

The hydrolytic enzymes that are produced by yeasts 
have a wide range of applications in industries as well 
as in bioremediation processes, as they take part in var-
ious transformational activities (4). The enzymes pro-
duced by yeasts from mangrove sediments are believed 
to have the capability to withstand extreme climatic 
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ABSTRACT

Objective: Mangrove sediments, due to their unique environment, are considered to be a crucial habitat in identifying 
yeast strains with potent industrial, biotechnological and bioremediation properties. The goal of the current study was to 
understand the presence, diversity and hydrolytic enzyme properties of yeasts from the mangrove sediments of North Kerala.

Materials and Methods: Sampling was done during the period 2018-2020 from mangrove sediments of 5 districts along the 
North Kerala coast. Isolation of yeast was done on yeast glucose peptone agar, and isolates were tested for their potential 
for the production of extracellular enzymes viz. amylase, cellulase, chitinase, DNase, lipase, ligninase, pectinase, protease 
and urease, using standard media with specific substrates. Morphological assessment, biochemical characterization and 
molecular identification of the isolates were performed. The phylogenetic tree of the selected yeast strains was constructed 
with the Maximum Likelihood method using MEGA X software. 

Results: A total of 482 yeast strains belonging to 12 genera were obtained from the mangrove sediment samples, the most 
dominant genera being Candida (56.3%). Kluveromyces, Debaromyces, Torulaspora, Trichosporon, pigmented yeast Rhodotorula, 
Cyberlindnera, Wickerhamiella, Pichia, Trichoderma, Meyerozyma and Kodamaea were the other genera identified. The majority 
of the yeast present in the mangrove sediment samples were lipolytic (68%), followed by ureolytic (23%), ligninolytic (16%), 
cellulolytic (9%), DNAlytic (9%), proteolytic (8%), amylolytic (6%), pectinolytic (4%) and chitinolytic (2%) forms. All 12 genera 
of yeast obtained had positive forms for extracellular lipase.

Conclusion: The yeast strains obtained from mangrove sediments in the study were found to be ecologically important and 
have great biotechnological potential.

Keywords: Yeast, mangrove sediments, hydrolytic enzymes, phylogeny, North Kerala 
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and cultural conditions, which would help in their large-scale 
production (5). Moreover, during scale up cultures, they require 
comparatively cheap substrates, like industrial byproducts and 
wastes, as nutrient sources (6). Thus, mangrove sediment yeasts 
can be considered the best for the commercial production of in-
dustrially important enzymes due to easier production in terms 
of genetic and environmental manipulation, cost effectiveness, 
non-toxic properties and stability (7).

The diversity and identification of yeasts present in mangrove 
sediments primarily helps in understanding their properties 
which can be applied in industrial and biotechnological pro-
cesses and in bioremediation. Assessment of the hydrolytic en-
zyme potential of the yeasts and analyzing the factors affect-
ing it would be a great advancement in the mass production 
of commercially important enzymes. Though the Northern 
part of Kerala, India is bestowed with large mangrove areas, 
they are not sampled enough to provide any well-vetted in-
formation on the yeasts present in the sediments. For these 
reasons, this work was focused on isolation, identification and 
evaluation of the enzymatic capability of yeasts present in 
the sediments of the mangrove ecosystem along the coast of 
North Kerala.

MATERIALS AND METHODS

Sample Collection
Mangroves of 5 districts along the North Kerala coast were se-
lected for sediment collection. The sampling was done during 
the period 2018-2020 at 8 sites (Table 1). 10-20 g of sub surface 
sediment was collected using a hand corer, transferred asepti-
cally into sterile polythene bags, transported in ice boxes and 
processed within 4 hours of collection. Five sub-samples were 
collected from each site, which were then homogenized to one 
composite sample per site. 

Isolation of Yeast
Sediment samples were spread plated on Wickerham's agar 
medium supplemented with 200 mg/l chloramphenicol (8) 
in duplicates and incubated at 18±2°C for 7 days. The single 

colonies developed were purified by quadrant streaking. Later 
they were streaked onto malt extract agar slants for further 
studies. 

Screening for Hydrolytic Enzyme Production
All the isolates were tested for the production of hydrolytic ex-
tracellular enzymes, namely protease, amylase, lipase, urease, 
ligninase, cellulase, DNase, pectinase and chitinase. The detec-
tion of extracellular protease, amylase, lipase and chitinase was 
done in nutrient agar medium containing casein (2%), starch 
(1%), tributyrin (1%) and colloidal chitin (5%), respectively, as 
substrates. The detection of DNase, cellulase, pectinase, urease 
and ligninase activity was tested on DNase agar, Cellulose agar, 
Pectin agar and Urease agar with 40% urea and Crawford’s agar 
supplemented with 0.5% tannic acid, respectively. The plates 
were spot inoculated and incubated at 28±2ºC for 7 days. The 
plates were flooded with 1M HCl, Gram’s iodine solution and 
1% cetrimonium bromide (CTAB) after incubation for protease 
amylase and pectinase, respectively. Formation of clearance/
halo zone or brown color around the colonies was considered 
positive. 

Identification of Yeasts 
The isolates were identified to the genus level using morpho-
logical and biochemical characterization methods. Later, mo-
lecular characterization was used for species identification of 
selected isolates. In morphological characterization, colony 
characteristics on malt extract agar and microscopic appear-
ance of methyl blue stained smear under 40x and oil immersion 
(100x) in compound microscope were observed. Biochemical 
characterization included urea hydrolysis, sugar fermentation 
(MOF - Microbial Oxidation Fermentation test), fatty acid hydro-
lysis, nitrate assimilation, starch like substance and citric acid 
production, Diazonium Blue B reaction and observance of 
growth at 37°C (9). Isolates showing similar morphological and 
biochemical characteristics were grouped together. Repre-
sentative strains from each of these groups were selected for 
species identification based on their efficiency to produce ex-
tracellular enzymes determined qualitatively by screening the 

Table 1. Sites of collection of mangrove sediments for the present study.

Sl. No. Name of the collection site Site code Lat-Long coordinates

1 Chandragiri (Kasaragod Dt) KGD 12°05'32'' N 75°13'39'' E

2 Edat (Kannur Dt) EDT 12°05'32'' N 75°13'39'' E

3 Pazhayangadi (Kannur Dt) PYD 12°02'72'' N 75°29'31'' E

4 Valapattanam (Kannur Dt) VPT 11°93'45'' N 75°35'35'' E

5 Elathur (Kozhikode Dt) ELR 11°19'43'' N 75°45'20'' E

6 Kadalundi (Kozhikode Dt) KDI 11°07'43'' N 75°49'48'' E

7 Ponnani (Malappuram Dt) PON 10°47'10'' N 75°55'30'' E

8 Chettuva (Thrissur Dt) CTV 10°52'42'' N 76°04'79'' E
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hydrolytic activity for respective substrates. The identification 
of these isolates was performed by sequencing of ITS region as 
per Harju et al. (10) with Forward ITS1 and Reverse ITS4 primers 
(11). The amplified fragment of approximately 580 bp, contain-
ing the ITS 1, 5.8 S and ITS 2 regions, was used for the sequence 
similarity search using NCBI BLAST.

Phylogenetic Analysis
Nucleotide sequences of yeasts obtained were statistically an-
alyzed using Molecular Evolutionary Genetic Analysis Version 
X (MEGA X) software and a phylogenetic tree was constructed 
using Maximum Likelihood method. Proper outgroup (fungus 
- Penicillium chrysogenum) was selected for the construction 
of the phylogenetic tree and the nodal support was tested by 
means of 100 bootstrap pseudo replicates.

RESULTS

After isolation and purification, a total of 482 yeasts strains 
were obtained from the mangrove sediment samples of 8 sites 
in North Kerala. Based on their morphological, physiological, 

biochemical and molecular characterization, it was found that 
they belonged to 12 genera of yeast. 20 species were identified 
when selected isolates were sequenced and the sequences 
were deposited in the GenBank (Table 2). The total number and 
distribution of different genera of yeast obtained in the study 
is summarized in Figure 1. 272 of the total isolates (56.31%) 
belonged to genera Candida, in which 7 different species 
have been identified, among which Candida tropicalis was the 
predominant species found (84.19%). Other genera of yeast 
obtained from the mangrove sediments were Kluveromyces 
(12.01%), Debaromyces (9.52%), Torulaspora (9.11%), 
Trichosporon (3.73%), pigmented yeast Rhodotorula (3.52%), 
Cyberlindnera (2.07%), Wickerhamiella (1.66%), Pichia (1.24%), 
Trichoderma (0.62%) and one isolate each of Meyerozyma 
(0.21%) and Kodamaea (0.21%) (Table 3). 

The majority of the yeast present in the mangrove sediment 
samples was lipolytic (68%), followed by ureolytic (23%), 
ligninolytic (16%), cellulolytic (9%), DNAlytic (9%), proteolytic 
(8%), amylolytic (6%), pectinolytic (4%) and chitinolytic (2%) forms 

Table 2. NCBI GenBank accession details of identified yeast strains from mangrove sediments during the present study.

Sl. No. Isolates Organism GenBank Accession

1. CUMB VP –PN2-03 Rhodotorula mucilaginosa MT 131387

2. CUMB VP –PN2-10 Candida pseudolambica MT 131389

3. CUMB VP –KL1-10 Candida tropicalis MT 131391

4. CUMB VP –KL1-01 Candida sorboxylosa MT 136728

5. CUMB VP –PN2-12 Torulaspora globosa MT 135124

6. CUMB VP –ED3-04 Torulaspora maleeae MT 131815

7. CUMB VP –KG3-05 Candida dubliniensis MT 132376

8. CUMB VP –KG-4-03 Pichia kudriavzevii MT 138566

9. CUMB VP –PN4-12 Trichoderma viride MT 138567

10. CUMB VP –VL-4-03 Trichosporon asahii MT 138568

11. CUMB VP –CT-1-09 Debaryomyces nepalensis MT 138571

12. CUMB VP –PZ-4-10 Kluyveromyces siamensis MT 138576

13. CUMB VP –PZ4-07 Cyberlindnera saturnus MW 617277

14. CUMB VP –EL4-09 Wickerhamiella infanticola MW 617280

15. CUMB VP –PN4-08 Kodamaea ohmeri MW 617290

16. CUMB VP –KL5-01 Meyerozyma carpophila MW 617291

17. CUMB VP –EL5-01 Candida membranifaciens MW 617296

18. CUMB VP –VL1-05 Candida metapsilosis MW 617299

19. CUMB VP –KG4-13 Candida orthopsilosis MW 617302

20. CUMB VP – KL4-12 Trichoderma longibrachiatum MW 624336
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(Figures 2 and 3). Generic wise hydrolytic potential for extracellular 
enzymes of all the isolates is summarized in Figure 4. All 12 genera 
of yeast obtained had positive forms for extracellular lipase. 
Isolates belonging to genera Candida and Torulaspora showed 
hydrolytic activity for all the enzymes under study, while the 
representatives belonging to genera Meyerozyma and Kodamaea 
showed only lipolytic activity. All the isolates representing genus 
Trichosporon, Wickerhamiella, Trichoderma and the pigmented red 
yeast Rhodotorula were ureolytic in nature. 

Estimates of phylogenetic relatedness among species were de-
termined using the maximum likelihood (ML) in MEGA X soft-
ware. 52 sequences of yeasts were analyzed and presented as 
bootstrap consensus tree to illustrate the statistical strength 
of gene tree (Figure 5). Bootstrap support for the phylogenetic 
tree was determined from 1,000 replications. The evolutionary 
history was inferred using the Neighbor Joining method and 
the tree was drawn to scale, with branch lengths having the 
same units as those of the evolutionary distances represented 
and as the number of base substitutions at each site. The po-
sitions with missing data and gaps were excluded during tree 
construction. The fungus Penicillium chrysogenum was selected 
as an outgroup for the phylogenetic tree. The sequences were 
classified in 5 large clades and subclades.

DISCUSSION

In our study, around 56% of the total isolates belonged to genus 
Candida, making them the most predominant yeast present 
in the mangrove sediments of Northern Kerala. C. tropicalis, C. 
dubliensis, C. matapsilosis, C. pseudolambica, C. sorboxylosa, C. 
membranifaciens and C. orthopsilosis were the 7 species found 
under the genus Candida, in which C. tropicalis (84%) hugely 
outnumbered others. Reports on the yeasts present in the 
mangrove sediments from China and different parts of Brazil 
showed the domination of Candida spp. in the ecosystem 
(12,13). Candida is considered the most common genera of 
yeast present in marine environments and is isolated largely 
from estuarine and mangrove areas of urban regions that are 
polluted by human resources (14,15). Due to this reason, they 

Table 3. Taxonomic list of yeast strains obtained and 
identified from the mangrove sediments.

Identified yeast strains No. of isolates

Genus: Candida

Candida tropicalis 229

Candida dubliensis 23

Candida matapsilosis 8

Candida pseudolambica 5

Candida sorboxylosa 4

Candida membranifaciens 2

Candida orthopsilosis 1

Genus: Kluveromyces

Kluveromyces siamensis 58

Genus: Debaromyces

Debaromyces napelensis 46

Genus: Torulaspora

Torulaspora maleae 38

Torulaspora globosa 6

Genus: Trichosporon

Trichosporon asahii 18

Genus: Rhodotorula

Rhodotorula mucilaginosa 17

Genus: Cyberlindnera

Cyberlindnera saturnus 10

Genus: Wickerhamiella

Wickerhamiella infanticola 8

Genus: Pichia

Pichia kudriavzevii 6

Genus: Trichoderma

Trichoderma viride 3

Figure 1. Distribution of different genera of yeast from the mangrove sediments.
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Figure 2. Percentage of yeast isolates (positive forms) showing various enzyme activities.

Figure 4. Generic wise distribution of hydrolytic potential of yeast isolates for various extracellular enzymes.

Figure 3. Plates showing various hydrolytic enzyme activities of yeast isolates. Clearance/halo zone or brown/
red color around the colonies was considered positive. a) Protease b) Amylase c) Lipase d) DNase e) Pectinase 
f ) Cellulase g) Ligninase h) Urease.
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Figure 5. Phylogenetic tree representing relationship between the yeast isolates from the mangrove sediments using Neighbor Joining 
algorithm.
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are considered one of the bio indicators of pollution (16,17). 
The dominance of Candida spp. in the mangrove ecosystem, 
especially in the sediments, was found to have several 
ecological significances. It has been found that they are able to 
withstand the extreme conditions of the mangrove sediments, 
including fluctuating temperature, high salinity, low oxygen 
concentration and varying nutrient compositions (3). Most 
of the yeast belonging to genus Candida spp. were found to 
have a significant role in the process of biodegradation (18). 
Studies have shown that C. tropicalis have the ability to degrade 
a wide range of pollutants, including crude petroleum, oil 
while C. parapsilosis and C. intermedia act efficiently on all 
kinds of oily pollutants (19,20). Kurtzmann et al. isolated C. 
pseudolambica from the mangrove ecosystem and reported 
them as a cosmopolitan species in marine environments due 
to their active role in biodegradation (21). Candida spp. were 
also involved in converting the shell wastes of crustaceans into 
biomass protein and in the production of silver nano particles 
(22,23).

Kluveromyces siamensis, Debaromyces napelensis, Torulaspora 
maleae and T. globosa, Trichosporon asahii, Rhodotorula 
mucilaginosa, Cyberlindnera saturnus, Wickerhamiella 
infanticola, Pichia kudriavzevii, Trichoderma viride, Meyerozyma 
carpophila and Kodamaea ohmeri were the other yeast species 
found in the sediments. Most of the species obtained in our 
study are not only ecologically important but also have been 
found to have great biotechnological potential. Rhodotorula, 
Torulaspora, Debaryomyces and Trichosporon were considered 
bioindicators due to their role in the degradation of various 
pollutants and in controlling algal blooms (24). These species 
were also found to metabolize aromatic hydrocarbons and 
heavy metals present in the environment, thereby degrading 
them to non-toxic products (25). The pigmented yeast 
Rhodotorula mucilaginosa produce carotenoids, which makes 
them a potential bioindicator and biotechnological candidate. 
An easy method to assess the quality of sample by the colony 
count method was developed in which the number of pink 
colonies of R. mucilaginosa indicated the extend of pollution 
(16). Moreover, the carotenoids extracted from the species are 
widely used in food and pharmaceutical industries and also in 
waste water treatment (26).

The extracellular enzymes of yeast are hydrolytic in nature 
and they take part in a large number of transformation 
reactions that can be applied in industrial processes and in 
bioremediation. Lipase is the most common enzyme produced 
by marine yeast and catalyzes various chemical reactions, 
including hydrolysis, aminolysis, acidolysis, alcoholysis and 
esterification. (27,28). The majority of the isolates in our study 
were lipolytic, those belonging to Candida spp. being the 
highest. Hasan et al have reported that the yeast belonging 
to genera Candida, Rhodotorula and Pichia are active lipase 
producers (29). All the isolates studied belonging to genera 
Trichosporon, Wickerhamiella, Trichoderma and Rhodotorula 
were able to hydrolyze urea. The nickel containing urease 
enzyme has tremendous applications in medical and 

pharmaceutical industries (30,31). Though ligninolytic activity 
in yeasts is studied least by researchers, our study showed that 
the yeasts of genera Debaromyces, Torulaspora and Trichoderma 
were able to actively break down lignin substrates. The reduced 
production of other enzymes, including cellulase, DNase, 
protease, amylase, pectinase and chitinase, by the isolates under 
study might be due to the absence or low availability of those 
substrates and their recycling in the sediments of sampling sites 
(18). Yeast extracellular enzymes from an extreme environment 
like mangrove sediments should be further explored in order 
to make them useful in industrial processes and environmental 
bioremediation.

CONCLUSION

The quest for novel and improved microbial strains that can pro-
duce industrially important metabolites is a continuous process. 
Since, yeasts are one of the most active producers of secondary 
metabolites and extracellular enzymes that can be fermented 
using cheap substrates; they have gained massive attention 
during recent years. In the present study, we investigated the 
yeasts from mangrove sediments of North Kerala for its diversity 
and production of extracellular hydrolytic enzymes. The results 
suggest that yeasts from mangrove sediments are promising 
candidates for various industrial and biotechnological applica-
tions and can be effectively used in the development of strate-
gies for the bioremediation and conservation of the ecosystem.
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INTRODUCTION 

Olive oil, derived from the fruits of Olea europaea L., is 
one of the most important elements of the Mediterra-
nean diet, not only for its appreciable taste and its use-
fulness in flavoring of a wide variety of foods, but also 
for its many beneficial properties due to its chemical 

composition (1,2). The latter is mainly characterized by a 
richness in antioxidants, vitamins, phenolic compounds 
and essential fatty acids for human nutrition, especially 
polyunsaturated ones. These metabolites are preserved 
through the consumption of olive oil in crude form, un-
like several other common vegetable oils that require a 
refining step (3-5). For this reason, olive oil production 
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ABSTRACT

Objective: The production of olive oil in Algeria is of great importance. The choice of the extraction method is crucial in order 
to achieve the best yields of high quality oil. This work aims to study the effect of the extraction method on the sensory and 
physicochemical characteristics and the antioxidant and antimicrobial activities of three types of olive oil derived from the 
same sample of olive fruits (Chemlal variety).

Materials and Methods: Several physicochemical and sensory parameters of olive oil samples were evaluated by referenced 
methods (ISO, IOC, AFNOR, etc.). The fatty acid composition of oils was determined by gas chromatography. Total phenolic 
content and antioxidant activity were estimated using the Folin-Ciocalteu assay and FRAP test, respectively. Antimicrobial 
activity analysis was performed using the agar diffusion technique against five strains.

Results: The analyses revealed that olive oil obtained by manual extraction is classified in the extra virgin category, according 
to the International Olive Oil Council. The two other oils, traditional and industrial, were of virgin class. Fatty acid composition 
shows significant differences between the three oils which are characterized by a remarkable richness of phenolic compounds 
(447-528 mg GAE/kg oil). The best antioxidant activity was noted in the manual olive oil (PR0.5=78.60 µg/mL). Pseudomonas 
aeruginosa ATCC 9027 and Staphylococcus aureus ATCC 6538 were more sensitive to action of the manual oil compared to 
other bacterial and fungal strains tested, with inhibition zones of 15.84±0.07 and 15.31±0.20 mm, respectively. This activity 
was significantly decreased by evaluating antimicrobial effect of the other oils.

Conclusion: The method of extraction significantly affects the properties of olive oil, where the manual method preserves 
the best quality of oil.
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has experienced a remarkable economic increase during the 
last years (2).

The chemical composition, sensory properties and biological 
activities of olive oil are highly dependent on several factors: 
fruit ripening, climate, cultivation procedures, harvesting tech-
niques and extraction method (1,5-7).

The key objective of any extraction method is to obtain the 
highest possible quantity of oil without altering its original 
quality (3,7). In order to preserve this, it is essential to proceed 
with extraction directly from fresh fruits of the olive tree and 
to use mechanical or physical methods, avoiding chemical and 
enzymatic reactions that could modify the natural composition 
of oil and its organoleptic characteristics (3,4,6). 

Olive oil extraction involves different processes, such as leaf 
removal, olive washing, crushing, threshing, and oil separation 
performed either by pressure or centrifugation (4,8). Olives 
should be processed as soon as possible after harvest to min-
imize oxidation and preserve low acidity (4). It is worth men-
tioning, that extra virgin olive oil is the highest quality olive oil 
and represents only 10% of the total oil produced (6). For this 
reason, it is very important to select the extraction process that 
ensures such quality.

The aim of our study is to determine the influence of the ex-
traction method on the sensory and physicochemical charac-
teristics as well as the antioxidant and antimicrobial activities of 
three types of olive oil obtained by different extraction meth-
ods. 

MATERIALS AND METHODS

Collect and Treatment of Samples
The material used consists of three samples of olive oil from the 
region of Lakhdaria (Wilaya of Bouira, Algeria) (36°33’58.612”N 
3°35’29.018”E). The oil extraction was carried out on olive fruits 
(Chemlal variety) harvested during the end of the harvesting 
season (January, 2017). Choice of olive fruit was focused on 
fruits with black pigmentation in order to avoid other early 
stages (semi-black, green or red fruit), having the possibility to 
affect the oil extraction yield and its conservation. The harvest-
ed fruits were mixed and then divided into three groups used 
for oil extraction according to three processes:

- The first type of oil was the manual olive oil (MOO), which 
was obtained in a traditional way: the harvested fruits, free 
of leaves and branches, were washed with running water 
to eliminate impurities and then dried in open air in a sun-
ny place. The fruits were then crushed by the feet until a 
smooth blackish paste was obtained. The drained oil was 
collected in a glass bottle, and the paste was placed in a 
clean and inclined container.

- The second type of oil was traditional olive oil (TOO), result-
ing from a press extraction performed at a traditional oil 
mill.

- The third sample was represented by industrial olive oil 
(IOO) obtained following a conventional extraction stage, 
carried out this time at a modern oil mill (industrial), which 
ensures higher yields of oil.

The three types of oils were stored in hermetically sealed glass 
bottles and were kept cool and protected from light to avoid 
polymerization and oxidation.

Sensory Analysis
The organoleptic evaluation is essential to decide on the classi-
fication of an olive oil (category virgin, extra virgin or not), be-
cause it allows the detection of possible defects not highlighted 
by the physicochemical analyses. In our study, this evaluation 
was carried out based on the principles of IOC/T.20/Doc. nº15/
Rev.10 (9), by a panel of 20 tasters made up of former previously 
trained oil mill workers and old olive oil connoisseurs. The oil 
samples were kept at about 28°C, while the temperature of the 
analysis room was about 20°C. The analyses were performed in 
one run. The attributes were quantified on a continuous scale 
that allowed the tasters to express in a precise way the inten-
sity with which they perceived each attribute. Once the rating 
sheets were completed, the method used to rank the oils was 
based on the calculation of the median, considering that the 
value of the robust coefficient of variation that defines the rank-
ing (defect perceived with the highest intensity and fruitiness) 
is 20%.

The principle of tasting emphasizes the absence of defects and 
the intensity of fruitiness. This means that as soon as the slight-
est trace of a defect is recognized by the majority of tasters on 
the panel, the oil is no longer entitled to the “extra virgin” desig-
nation (IOC/T.15/NC Nº 3/Rev.14 (10).

Physical and Chemical Analysis 
Physical indices including refractive index (11), relative density 
at 20°C, water and volatile content (12), and ultraviolet (UV) ab-
sorbance (13) were studied.

For the chemical characterization of oils, different parameters 
were determined: acid and peroxide indices (EEC N°. 2568) (14), 
saponification and iodine indices (15). The estimation of chloro-
phyll content and carotenoids was carried out according to the 
method described by Minguez-Mosquera et al. (16).

Fatty Acid Composition
Determination of the fatty acid profile of the three oils was car-
ried out with gas chromatography (GPC) of fatty acid methyl 
esters (17) using a Chrompack CP 9002 type chromatograph 
equipped with a capillary column Cp Sil 88 CB (5% phenyl + 
95% dimethylpolysiloxane) (30 m length, 0.25 µm thick, 0.32 
mm inner diameter), a SPLIT 1/100 injector (250°C), a flame ion-
ization detector (FID) (250°C) and an oven (190°C). Nitrogen was 
used as the carrier gas injected with a flow rate of 1 mL/min. Fat-
ty acids were identified by their retention time in the column in 
comparison to given standards. The amount of each fatty acid is 
given in % of total fatty acid.
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Evaluation of the Antioxidant Activity 

Extraction of Polyphenols
Before proceeding to evaluation of the antioxidant activity, 
phenolic compounds of the three olive oils were extracted fol-
lowing the protocol described by Pirisi et al. (18). 20 g of each 
olive oil were introduced into centrifuge tubes. Subsequently 
10 mL of n-hexane and 20 mL of 60% methanol were added. Af-
ter vortex homogenization for 2 min and centrifugation (3000 
rpm, 5 min), the supernatants containing polyphenols were 
recovered separately. The operation was repeated twice to de-
plete the oil. The resulting supernatants were then combined 
and evaporated under vacuum at 40°C until a dry residue was 
obtained, which was re-suspended in 10 mL of 50% methanol. 
The yield of the extraction (R%) was calculated by the following 
formula:

m : Mass of the beaker after evaporation. 

m0 : Mass of the beaker before evaporation. 

mT : Total mass of the test sample.

Dosage of Phenolic Compounds
Total polyphenols content of the extracts obtained was de-
termined by the Folin-Ciocalteu method (19). To 200 µL of the 
methanolic extract, 1 mL of Folin-Ciocalteu reagent (diluted 10 
times, v/v) and 800 µL of 7.5% sodium carbonate (w/v) were 
added. After homogenization and incubation for 30 min in the 
dark at room temperature, the absorbance was measured at 
760 nm using a spectrophotometer against a blank prepared 
under the same conditions, where the extract was replaced by 
50% methanol. Gallic acid (1 mg/mL) was used as a standard. 
The concentration of polyphenols was reported as mg gallic 
acid equivalent (GAE)/Kg oil.

FRAP Test (Ferric Reducing Antioxidant Power) 
The antioxidant activity of phenolic extracts was determined 
using the FRAP method (20). 250 µL of each extract prepared 
at different concentrations (62.5; 125; 250 and 500 µg/mL) were 
mixed with 250 µL of phosphate buffer (0.2 M, pH 6.6) and 250 
µL of 1% (w/v) potassium hexacyanoferrate [K3Fe(CN)6]. After 
incubation in a water bath at 50°C for 20 min, 250 µL of 10% 
(w/v) trichloroacetic acid (TCA) was added. Subsequently, the 
tubes were centrifuged at 3000 rpm for 10 min. 50 µL of the 
recovered supernatant was added to 200 µL of distilled water 
and 10 µL of the 0.1% (w/v) FeCl3 solution. The absorbance was 
measured at 700 nm against a blank. A higher absorbance of 
the reaction mixture indicated a higher reducing power.

Evaluation of the Antimicrobial Activity
The antibacterial and antifungal activities of olive oils were per-
formed in vitro using the agar diffusion technique described by 
several authors (21,22). The microbial strains used are known to 
be pathogenic to humans: two Gram+ bacterial strains (Staph-
ylococcus aureus ATCC 6538; Bacillus subtilis ATCC 6633); two 

Gram- bacterial strains (Pseudomonas aeruginosa ATCC 9027, 
Escherichia coli ATCC 8739) and one yeast (Candida albicans 
ATCC 10231). The listed strains were obtained from the collec-
tion of the microbiology laboratory “SAIDAL Antibiotical” (Alger, 
Algeria). 

Bacterial inocula were standardized in sterile physiological wa-
ter, from a pure and fresh culture (18-24 h for bacteria and 48 h 
for yeast), to obtain an opacity equivalent to 0.5 McFarland (107 
CFU/mL). Then, a swabbing was performed on the surface of a 
Muller Hinton Agar. Sterile Whatman paper discs (n°3, 6 mm) 
were soaked with olive oil (all three types) until impregnation 
(10 µL), then placed on the surface of the previously inoculated 
agar and uniformly seeded with the bacterial or fungal suspen-
sion to be studied. 

Readings were then taken after incubation for 24 h at 37°C for 
bacterial strains and at 25°C for 48 h in the case of C. albicans. 
Two controls were prepared in parallel: the first did not contain 
the oil and the second was free of the germ to be tested.

The sensitivity of the target strains towards the different com-
pounds was classified according to the diameters of the inhibi-
tion zones obtained: Ø<8 mm: non-sensitive bacteria; 9<Ø<14 
mm: sensitive bacteria; 15<Ø<19 mm: highly sensitive bacteria 
and Ø>20 mm: extremely sensitive bacteria (23,24). The same 
intervals were respected for the fungal strain.

Statistical Analysis
The variance study was carried out to determine the significant 
differences (Student’s t-test) between the different types of oil 
by the software “Microsoft Office Excel 2010”. Results were rep-
resented by the mean with its standard deviation. The differenc-
es were considered significant at p ≤ 0.05 (*), very significant at 
p ≤ 0.01 (**) and highly significant if p ≤ 0.001 (***).

RESULTS

Sensory Analysis
According to the classification made by comparing the value of 
the median of the majority defect to the reference intervals for 
each denomination, we concluded that: 

- The manual olive oil was in the category “Extra Virgin” (the 
median of the defects was equal to zero and the median of 
the fruitiness was greater than zero (m=5) (Figure 1a).

- Traditional olive oil was in the category “Virgin” (the median 
of defects was equal to: 0 < m ≤ 3.5 (m=1) and the median 
of fruitiness was greater than zero (m=4) (Figure 1b).

- Industrial olive oil fell into the category “Virgin” (the median 
of defects was equal to: 0 < m ≤ 3.5 (m=2) and the median 
of fruitiness was greater than zero (m=3.25) (Figure 1c).

Physicochemical Indices
Acidity is the main criterion of quality and commercial standard 
of olive oil. However, other criteria of physicochemical and or-
ganoleptic quality are also currently associated with these stan-
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dards. The values of the different physical and chemical indices 
of all samples are listed in Table 1. A significant difference was 
noted for all chemical indices as well as some physical parame-
ters between the three olive oils. 

Fatty Acid Composition
The results of GPC analysis of the fatty acid profile of oils ob-
tained by different extraction processes are summarized in Ta-
ble 2.

The results obtained indicate a content of fatty acids more or 
less variable but remaining within the standards of the IOC 
(10) and Codex Alimentarius (28), except for palmitoleic acid 
(C16:1ω7), which held a percentage slightly higher than the 
standard (>3.5%). For all samples, the most intense content 
was attributed to oleic acid (C18:1ω9), followed by palmitic acid 
(C16:0), then linoleic acid (C18:2ω6) and palmitoleic acid. Stearic 

Figure 1. Sensory profile of the studied oil samples: manual (a), traditional (b) and industrial olive oils (c).

Table 1. Physicochemical indices of the three olive oils characterized.

Physicochemical indices - Type of oil MOO TOO IOO

Physical indices

 - Refractive index 1.468±0.00 1.486±0.02 1.468±0.01

 - Water and volatile substances content (%) 0.10±0.02 0.095±0.01* 0.067±0.01

 - Relative density at 20°C 0.9137±0.01 0.9143±0.00 0.9137±0.00

 - A232 nm 2.16±0.02 2.211±0.06 2.211±0.05

 - A270 nm 0.158±0.02 0.201±0.03* 0.225±0.03

Chemical indices

 - Acid value (%) 0.80±0.01 0.90±0.01 1.40±0.02

 - Peroxide value (meq of O2/Kg) 15.38±0.03 17.17±0.13 16.66±0.02

 - Iodine value 83.93±0.01 83.75±0.04 79.18±0.07

 - Saponification index (mg KOH/g oil) 196.7±0.02 192.77±0.09 193.75±0.10

 - Chlorophyll content (mg/Kg) 0.24±0.07 0.41±0.02 2.03±0.01

 - Carotenoid content (mg/Kg) 7.03±0.05 6.54±0.03 7.62±0.09

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil. Significance level: *: p<0.05; Acid index: p<0.001; Peroxide index: p<0.05; Iodine index: 
p<0.01; Saponification index: p<0.001; Chlorophyll content: p<0.05; Carotenoid content: p<0.001.

Table 2. Fatty acid composition (%) of the studied oil samples.

Fatty acid Name MOO TOO IOO

C16:0 Palmitic acid 16.87 17.61 17.68

C16:1ω7 Palmitoleic acid 4.26 3.64 3.80

C17:0 Margaric acid Trace 0.42 0.33

C18:0 Stearic acid 1.67 2.10 2.11

C18:1ω9 Oleic acid 62.39 61.89 60.87

C18:2ω6 Linoleic acid 14.11 13.43 13.33

C18:3ω3 Linolenic acid 0.20 0.28 0.98

C20:0 Arachidic acid 0.25 0.20 0.20

C20:1ω9 Gondolic acid 0.21 Trace Trace

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil.
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acid (C18:0), arachidic acid (C20:0) and linolenic acid (C18:3ω3) 
represented more or less small amounts. 

Yield and Total Polyphenols Content
According to the results shown in Table 3, the best yield of total 
polyphenols was noted for the olive oil obtained by the manual 
method. The yields noted for the other two oils were quite close 
and lower compared to the first type. Total polyphenols content 
of the three olive oils varied from 447 to 528.45 mg GAE/Kg oil. 

Antioxidant Activity
From Figure 2, we can note that polyphenols of the manual 
olive oil and traditional oil mill had a much higher antioxidant 
power compared to industrial oil mill.

The parameter PR0.5 was determined in order to further com-
pare the reducing power. It corresponds to the concentration 
for which the reduction product gives an absorbance of 0.5 at 
700 nm. The OriginPro 8.5 SRI software was used to determine 
the PR0.5 values for each extract with greater accuracy. The val-
ues obtained are represented in Table 4.

Antimicrobial Activity
The results of the inhibition zone diameters of the different 
olive oils tested on a range of pathogenic bacteria are repre-
sented in Table 5. All 3 types of olive oil showed antimicrobial 
activity on all strains studied with inhibition zones ranging from 
12.07 to 15.84 mm. However, modern mill olive oil was found 
to be inactive against S. aureus ATCC 6538 and exhibited lower 
antimicrobial activity than the traditional olive oil, but without a 
significant difference only in the case of C. albicans ATCC 10231. 
Activity of the two oils was significantly lowest compared to 
that provided by the manual extraction.

DISCUSSION

The sensory analysis shows that the three samples of olive oil 
were of a superior category, which would be due not only to 
the variety, degree of ripening, climate, cultivation techniques 
(mainly irrigation) (25), but also because these oils were ob-
tained only by mechanical processes, under conditions that 
prevented alteration of oil, and which had not undergone any 
treatment other than washing, decanting, centrifugation and 
filtration (26). Traditional manual olive oil was extracted from 
the paste only, without crushing the pit and according to Ami-
rante et al., (27), oils obtained from pitted fruit are more resis-
tant to oxidation than oils obtained by crushing the whole fruit 
by about 20-25%. The pitting of the olive induces an increase in 

Table 3. Yield and polyphenols content of the three olive oil 
samples.

 Type of oil MOO TOO IOO

Yield (%) 11.55 6.45 6.55

Polyphenols content 
(mg GAE/Kg oil)

528±12.40 496±11.80 447±10.70

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil.

Figure 2. Reducing power of phenolic extracts obtained at dif-
ferent concentrations.

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil.

Table 4. Phenolic extract concentration (µg/mL) of the 
different oils at A700nm=0.5

Sample MOO TOO IOO

Concentration 
corresponds to PR0.5

78.60 170.00 439.05

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil.

Table 5. Diameter (mm) of the inhibition zones obtained with the three olive oils.

Germs - Type of oil MOO TOO IOO

S. aureus ATCC 6538 15.31±0.20 13.59±0.19*** -

B. subtilis ATCC 6633 14.04±0.13 13.00±0.00** 12.07±1.02*

P. aeruginosa ATCC 9027 15.84±0.07 12.81±1.10* 13.07±0.33**

E. coli ATCC 8739 14.23±0.45 13.92±0.26 13.84±0.12

C. albicans ATCC 10231 14.52±0.13 13.37±0.19** 12.42±0.30***

MOO: manual olive oil, TOO: traditional olive oil, IOO: industrial olive oil. -: Absence of inhibition zone. Significance level: *: p<0.05, **: p<0.01, ***: p<0.001.
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pleasant aromatic compounds and seems to be responsible for 
the pronounced fruity aroma. 

The results of physicochemical indices indicate that for refrac-
tive index, the MOO and IOO samples complied with the Co-
dex Alimentarius (28) standards (1.4677-1.4705) except for the 
traditional olive oil which slightly exceeded the standards. Its 
value was influenced by different factors such as free fatty acid 
content, oxidation level and heat treatment (29).

The values obtained for density were in accordance with the 
Codex Alimentarius (28) standards (0.910-0.916). This parame-
ter is a function of unsaturation, but also of the state of their 
oxidation, the more it increases, the more oxidized the oil is (30).

Water and volatile content values were below the maximum 
limits of IOC (10) (≤0.2%). Cultivar, geographical region, fruit 
ripening and processing methods are the parameters that influ-
ence the volatile composition of olive oil (31).

Regarding the specific extinction coefficients at 232 nm and 
270 nm of our samples, they were lower than the maximum 
limits of IOC (10) (≤2.60 and 0.25, respectively), and confirm the 
low oxidation and stability of the three oils, especially the MOO 
sample, which showed the lowest extinction values. Oxidative 
stability is an important parameter for olive oil quality assess-
ment (32). The specific extinction of a fat is considered a picture 
of its oxidation state. The higher its extinction at 232 nm, the 
more peroxidized it is; the higher it is at 270 nm, the richer it is 
in oxidation by-products (33). Vidal et al. (34) have previously 
reported the influence of extraction time and temperature on 
the two extinction coefficients K232 and K270.

Free acidity is the main quality factor of olive oil. The values ob-
tained are in accordance with the IOC (10) standards (≤2%). High 
acidity induces oxidation resulting in rancidity of the oil due to 
the degradation of unsaturated fatty acids (oleic, linoleic acid) 
and the production of secondary oxidation compounds (35).

The peroxide value determines the initial oxidation of olive oil, 
which oxidizes when it enters into contact with air, light, and 
heat. The values of this index regarding our samples are in ac-
cordance with IOC (10) standards (≤20 meq O2/Kg).

The values of iodine index recorded for the three olive oil sam-
ples are in accordance with the Codex Alimentarius (28) stan-
dards (75-94). 

Determination of the saponification index allows characteriza-
tion of the molecular weight and the average length of the fatty 
chain to which it is inversely proportional. The values obtained 
were in accordance with Codex Alimentarius (28) standards 
(184-196 mg KOH/g oil). 

For chlorophyll and carotenoid contents, a significant difference 
was noted for the values obtained, as in the case of the other 
chemical indices. These results would be due to the extraction 
conditions applied for each type of oil, as demonstrated by the 
work of Salvador et al. (36) and Psomiadou and Tsimidou (37). 

The low levels of chlorophyll obtained during our work (0.24-
2.03 mg/Kg) allowed a reduction in the risk of oil oxidation, 
since chlorophylls are pro-oxidants in the presence of light 
(38,39). According to the last reference, the chlorophyll concen-
tration can exceed 80 mg/kg for oils obtained from olives in the 
early stage of ripening and dropping to values of about 2 mg/
kg when the fruit is fully ripe. Higher levels of chlorophylls were 
determined by Baccouri et al. (40) and Sait (41). 

The carotenoid contents recorded for our samples were higher 
compared to those noted by Baccouri et al., (42), Hashempour 
et al. (43) and Sait (41), who analyzed oils of different varieties 
(Chemlal and Oleaster). This difference can be attributed to sev-
eral factors such as: degree of ripeness of olives, production 
area, nature of soil, climatic conditions, olive variety and storage 
time (44,45). These compounds act favorably on oil stability and 
help protect against oxidative stress, which contributes to make 
olive oil a healthier product (2,46).

The values of free acidity, peroxide value, specific extinction at 
232 nm and 270 nm of our samples, as well as the values of wa-
ter and volatile matter content, which represent quality criteria 
according to the IOC and suggest that the manual olive oil is 
extra virgin olive oil, while traditional oil and industrial one are 
virgin olive oils. Thus, we can deduce that extraction method 
also affects several physicochemical properties of olive oil and 
it is possible de significantly reduce its quality.

Compared to the oils of other oilseeds, olive oil is distinguished 
by a significant content of monounsaturated oleic acid (more 
than 60%) and palmitic acid, while linoleic acid is less represent-
ed compared to other oilseeds (47). For oleic acid, our results 
are close to those obtained by Faci et al. (48) who worked on 
two olive varieties (Chemlal and Azeradj) from three regions of 
the wilaya of Tizi-Ouzou (Algeria). They reported contents vary-
ing from 61.14% to 67.67% in the Chemlal variety crop. Oleic 
acid behaves differently depending on the stage of maturity. 
According to Zaringhalami et al. (49), the highest level of ole-
ic acid is observed at early harvest dates and then it gradually 
decreases as the olives ripen. This behavior is related to chang-
es in the activity of the enzyme oleate desaturase during olive 
ripening, which converts oleic acid to linoleic acid during rip-
ening (50,51). For palmitic acid and linoleic acid, our results are 
also comparable to those reported by Faci et al. (48), which vary 
between 13.12-17.92% for the first fatty acid and 9.12-15.12% 
for the second. If we consider the percentage of oleic acid 
(C18:1ω9) alone without taking into account the other quality 
criteria, our samples can fit into the extra virgin category (55-
83%). The ratio of oleic acid/linoleic acid varies according to the 
degree of maturity. It is used as a stability parameter and several 
studies have shown that a high ratio indicates a high oxidative 
stability (52). Our results are close to those reported recently by 
Douzane et al. (53) and Faci et al. (48) for several olive varieties 
from central and western Algeria.

The number of phenolic compounds in olive oil is an important 
factor when evaluating its quality, since natural polyphenols 
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improve its resistance to oxidation and, in some cases, are re-
sponsible for its pronounced bitter taste (51). Yield and total 
polyphenols content reflect the influence of the treatments ap-
plied for each extraction method. These conclusions were con-
firmed by the determination of phenolic compounds. 

Our results are superior to those found by Douzane et al. (54) 
and Laincer et al. (55), who reported that concentration of poly-
phenols in the different extra virgin olive oil samples analyzed 
varies between 109.45-322.18 and 115-420 mg GAE/Kg oil, re-
spectively. Similarly, according to Douzane et al. (53), the con-
centration of total polyphenols in the different types of virgin 
olive oil harvested from several regions in Algeria ranges from 
46.29-351.45 mg GAE/Kg oil. On the other hand, the levels found 
in the present study were lower compared to those reported by 
Medjkouh et al. (56) (710.44-1139.62 mg GAE/Kg oil). According 
to Marouane et al. (57), the Chemlal variety is characterized by 
moderate polyphenols richness compared to other olive variet-
ies. Therefore, it can be concluded that variation in the pheno-
lic content of olive oil can be attributed to several factors: the 
influence of climatic and geographical factors, the intra-varietal 
diversity of olive tree and the stage of maturity, the harvesting 
period, as well as the conditions of oil extraction (57,58).

Statistical analysis of the polyphenols contents obtained by the 
Student’s t-test did not show a significant difference (p>0.05) 
between the three oils, which reflects that extraction method 
does not have an effect on the content of these metabolites.

For the antioxidant activity, manual olive oil exhibited the high-
est PR0.5 provided by the lowest polyphenols concentration 
which was about 78.60 µg/mL, whereas, it was twice to five 
times higher in the case of the methanolic extract from the 
traditional (170 µg/mL) and industrial olive oil (439.05 µg/mL), 
respectively. This reflects a decrease of the antioxidant power of 
oil induced by the extraction method used. 

Taking into account that the content of total polyphenols did 
not vary significantly between the three oils, it can be deduced 
that there are some kind of phytochemical (flavonoids, tan-
nins,...) or other metabolites (responsible or participated in the 
antioxidant activity) which are affected during the extraction 
process and require specific and additional assays to be iden-
tified.

Iron reduction is a rapid, reproducible, and easy to perform an-
tioxidant activity assay. The reducing power is probably due to 
the presence of hydroxyl groups in the phenolic compounds 
which can serve as electron donors. Several works have proved 
the presence of high antioxidant activity exerted by phenolic 
extracts from different olive oil samples, comparable to refer-
ence antioxidants such as BHT, using different assay methods 
(DPPH Test, β-carotene bleaching test, ABTS test, ...) (55-57). Vir-
gin olive oil is a rich source of natural antioxidants (carotenoids, 
tocopherols, phenolic compounds) that can act, through differ-
ent mechanisms, to confer an effective defense system against 
free radical attack (59). The phenolic compounds participate 
with about 30% in the oxidative stability of olive oil among 

other constituents (α-tocopherol, fatty acids, and carotenoids). 
They are able to give a hydrogen atom to the lipid radical 
formed during the propagation phase of lipid oxidation (59,60). 
While the interest of phenolic compounds is mainly related to 
their antioxidant activity that can last up to 6 days, they also 
present several other important biological activities in vivo and 
that can be beneficial in the fight against several diseases relat-
ed to excessive free radical formation (59,61).

Several studies have demonstrated the presence of antibac-
terial activity of olive oil (21,62,63). In this study, a significant 
difference was observed in the sensitivity of the tested strains 
towards the antimicrobial effect of the studied oil samples. Our 
results clearly illustrate the influence of the extraction meth-
od on the antimicrobial activity of olive oil samples. Practices 
followed during large-scale extraction processes of olive oil re-
duce such activity compared to the manual one, closely related 
to their composition.

Comparing our work to those reported by Djedioui (64), who 
worked on oil of the variety Rougette de la Mitidja, the diameters 
of inhibition were higher with respect to Gram-positive bacte-
ria. However, Laribi (65) reported that E. coli, P. aeruginosa and 
K. pneumoniae were the least sensitive species towards the dif-
ferent olive oil extracts. This was in contrast to S. aureus species 
which was sensitive to all the extracts tested. The antibacterial 
activity may be related to the presence of phenolic compounds 
such as tannins and flavonoids, which are important antibacteri-
al substances (21,66-68). Olive oil is mainly composed of mono-
unsaturated oleic acid and linoleic acid. Carvalho and Caramujo 
(69) and Dilika et al. (70) observed a high antibacterial activi-
ty of oleic and linoleic acids especially towards Gram-positive 
strains compared to Gram-negative ones. Bisignano et al. (71), 
Tuck and Hayball (72) and Cicerale et al. (73) have confirmed the 
inhibitory effect of hydroxytyrosol towards both Gram-positive 
and Gram-negative strains. Aldehydes present in olive oil also 
show antibacterial activity. A study by Carvalho and Caramujo 
(69) showed that saturated and unsaturated aldehydes in olive 
oil are effective against both Gram strains. The antibacterial 
activities tested may also result from a synergy between the 
compounds present in oil. It is likely that the decrease in activity 
is due to a change in the properties of the substance respon-
sible for the activity in the presence of other oil compounds, 
resulting in a combination of two active components (major or 
minor) acting in synergy, or minor oil components that are also 
active at low concentrations (52).

CONCLUSION

In the present study, the effect of three extraction methods 
(manual, traditional and industrial) on the quality and biologi-
cal properties of olive oil (Chemlal variety) was investigated. Ac-
cording to findings related to the sensory and physicochemical 
parameters, and fatty acid content, oils were classified into two 
groups-extra virgin and virgin category. The oleic acid content 
of the manual oil (62.39%) remained higher than the others, 
which affirms that the oils obtained from pitted fruits and with-
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out addition of ingredients have the best quality criteria. Analy-
sis of the polyphenols composition of olive oil samples revealed 
a higher content (528±12.40 mg GAE/Kg oil) for oil obtained by 
the manual extraction than the other types, which is character-
ized also by the best PR0.5 provided by the lowest concentration 
of polyphenols (78.60 μg/mL). In addition, the manual olive oil 
showed more significant antimicrobial activity on all bacterial 
and fungal strains studied with inhibition zones greater than 
14.04 mm, mainly against S. aureus ATCC 6538, P. aeruginosa 
ATCC 9027 and C. albicans ATCC 10231. All the properties of the 
other olive oils studied, and which were obtained using mod-
ern extraction processes, were reduced when compared to the 
manual oil. 

As a conclusion, the manual method of extraction preserves 
the best quality of oil on the sensory and physicochemical level 
with more interesting nutritional and biological effects.
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INTRODUCTION

Forests and wooded herbaceous formations represent 
in most of the humid and subhumid regions of the 
tropical world a type of natural vegetation. Their 
importance is great for a variety of reasons, not the least 
of which is meeting wood and food needs; they also 
play an essential role on the ecological, economic, and 
socio-cultural level. Forests contribute to the decrease 
in the concentration of atmospheric carbon dioxide, 

necessary for fighting against climate change. For 
developing countries, the rational use of the resources 
offered by tropical forests and the development of the 
rural areas to which they correspond are at the heart of 
development policy planning (1,2).

Local and regional forest cover dynamics influence 
climate, biodiversity, and environmental services. 
National and international decision-makers must be 
able to rely on reliable, up-to-date, and verifiable data 
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ABSTRACT

Objective: The Wamba valley is one of the rare forest areas of Kwango and Bagata. This research aims to understand the 
phytodiversity of this area in order to have a database necessary for the rational management of this area’s natural resources. 
It means also to characterize the floristic, ecological, and phytogeiographic parameters of the study area.

Materials and Methods: The botanical samples collected in the study area represent the biological material that was used 
for identification species of the forest under study. To achieve the objectives pursued, we carried out floristic inventories, 
supported by the systematic sampling technique. The progress of this study is as follows: field visits and choice of study 
sites; collection of samples and identification of the material collected; ecological study and phytogeographic spectra of the 
identified species.

Results: The floristic inventory noted the presence of 192 species grouped into 160 genera and 58 families. This flora is rich and 
diverse. The recognized species of this forest area belong more to the family of Fabaceae, and Rubiaceae. The morphological 
structure of the species reveals the abundance of phanerophyte species while the chorological aspect remains dominated by 
Guinean-Congolese elements. 

Conclusion: The study environment is part of the Guinean-Congolese-Zambézian transition zone. This area is characterized 
by the mixture of species from the Guineo-Congolese regional center of endemism and Zambezian species. This study 
contributed to the knowledge of the phytodiversity of the area.
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to develop and monitor the implementation of forest policies 
as well as to provide the relevant information required at the 
level of international conventions (3).

Indeed, the Wamba Valley presents an ecosystems diversity linked 
to its ecological diversity conditions. Its vegetation includes 
gallery forests, generally degraded, and shrubby savannahs, 
sometimes low grassy savannahs. The flora of the study area 
remains little known. This region of the DRC is experiencing 
significant demographic growth; the population is generally 
poor. There are not enough social opportunities, and the 
population only has logging as their main activity. This exclusive 
dependence on the forest is likely to have negative impacts on 
it. This is why, as part of our research, we are committed to the 
study of the flora, ecology, and phytogeography of the Wamba 
Valley massif forest in Kwango in the DRC, more precisely the 
gallery forests around the city of Kenge 2.

MATERIALS AND METHODS

Study Environment
Our research was carried out in the massif forest around Kenge 
2 located on the left bank of the Wamba River. It is located at 04° 
51’14.5’’ south latitude and 016°57’0.3’’ east longitude at an alti-
tude of 450 m. The following map locates the area under study 
(Figure 1).

Climatic Aspects of the Area
The Wamba Valley enjoys a climate that belongs to the AW4 
type according to the Koppen classification criteria. The main 
parameters of this climate type can be summarized as follows: 
the annual balance of total radiation is 70 to 75 kcal/cm², the 
relative insolation is around 40% during the rainy season and 
70% during the months of June, July, and August (i.e., the dry 
season). The average annual rainfall is more or less 1600 mm. It 
reaches 1700mm in the center-east of the region and 1500mm 
in the southern part. The average temperature of the coldest 
month is above 18°C (4).

Material
The collections of botanical samples in the gallery forests of the 
Wamba Valley were carried out in order to carry out scientific 
identifications and constitute a reference herbarium.

This material was collected and deposited at the INERA 
herbarium at the Faculty of Sciences, University of Kinshasa, 
an extension of the national herbarium based in Yangambi. 
The internationally recognized code: IUK (INERA, University 
of Kinshasa). The following equipment was used: 1 GPS, 
1 clinometer or a graduated pole, 1 magnifying glass and 
binoculars, 1 tape of 50 m and 1 tape of 30 m, stakes or 
milestones (markers), inventory sheets and pencils, and a field 
notebook.

Figure 1. Presentation of the study area.
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Methods
We used the observation method and floristic inventories. Our 
study concerns the floristic, ecological, and phytogeographical 
aspects of Wamba vegetation. Several research works on the 
floristic, ecological, and phytogeographical study have been 
carried out by several authors (5-8).

More specifically, it is the complete or foot-by-foot inventory 
method using the systematic sampling technique. The principle 
of this inventory type is to cover the entire forest (9). In practice, 
the progress of the methodological approach is presented as fol-
lows: field visits and choice of study sites; collection of samples 
and identification of the material collected; and study of the eco-
logical and phytogeographic spectra of the identified species.

Field Visits and Selection of Study Sites
To make the choice on the site and the options to be raised for 
the type of study to be carried out in this area, a preliminary 
visit to the field was carried out. Surveys were also carried out in 
most of the Wamba valley, Kenge 2 site, and Fayala, which still 
contains some massif forests which include several species of 
local flora. To another extent, field surveys were also done using 
the Google Earth remote sensing tool.

Samples and Inventory Devices
This work relates to the floristic, ecological, and phytogeo-
graphical study, foresters use standard surfaces of one hectare 
or 10,000 m² as the minimum area for forest inventory (10-12). 
The Wamba gallery forest has an area of   2000 hectares, we drew 
a sample of 0.001% (9,11,13). Observations and inventories of 
species were carried out in an area of   20,000 m² or 2 hectares. 
Each hectare was subdivided into four sampled forest plots of 
2500 m² with each more than 100m apart. We proceeded to the 
random establishment in the forest’s one hectare plot playing 
the role of the study field experimental device. Thus, we first 
proceeded to measure and open four peripheral paths delim-
iting this hectare; then inside it, we measured and opened two 
main paths of more or less 0.5 m wide and 100 m long which 

intersect at 50 m, thus forming 4 sub plots of 2500 m² each, i.e. 
50 m x 50 m. Figure 2 represents the inventory device installed 
in the study area.

Identification of Harvested Material
The herbarium specimens gathered during the prospecting on 
the ground were the subject of scientific identification using the 
flora of central Africa (vol. 1 to 10 and fascicles) and Flora of West 
Tropical Africa (vol. 1 to 10 and booklets) (14,15). Other samples 
have been identified by comparison with the herbarium of refer-
ences to the herbarium of the INERA, Code: IUK (Inera, University 
of Kinshasa). This identification was made according to the cur-
rent classification of the APG II, III, and IV (1998, 2003). Exudates 
and tree slices were also considered for species identifications. If 
other botanical materials that can be used for identifications are 
not available, you can use exudats, slices, etc. (16).

Analysis of Ecological Aspects

Ecological Groups of Species
The ecological requirements of the groups (i.e., of an ecosystem’s 
species) can be detected by the ecological characteristics of the 
station (temperature, atmospheric humidity, substrate, light) (5). 
The ecological group brings together all the species which ap-
proximately agree in their ecological constitution and therefore 
in their behaviour vis-à-vis the main factors of the station.

Light and shade are essential to the development of a plant, 
and the competition for these resources is permanent during 
its life. The classification of different ecological groups of the 
stations studied was mainly based on mesological factors: hab-
itat, substrate, light, and atmospheric humidity; according to 
the aspirations of Lubini (6). We also talk about the tempera-
ment of the species. To do this, several categories of ecological 
group of species have been retained. These are: helophilic spe-
cies (Helio), nitrophilous species (Nit), hygro-helio-nitrophilic 
species (Hygr-Nit-Helio), hemi-sciaphilic species (Hémi-Scia), 
hygro-heliophilic species (Hygr-Helio), psammophiles (Psa), hy-
gro-sciaphile group (Hygr-Scia), meso-hygrophile (Més-Hygro), 
mesophiles (Més), and sciaphile (Scia).

Bioclimatic Characteristics
Precipitation and temperature are the ecological factors. The 
climatic factors of a station are more decisive and influence the 
evolution of a type of vegetation in a given territory (5, 17-19). Cli-
matic data for the study area were collected and recorded at the 
Kenge metrological station. These data made it possible to estab-
lish the ombrothermic diagram using the BecyClimate software.

Soil Analysis
Soil analysis methods have been tested by several researchers 
(20). As far as we are concerned, we have set up a soil pit of 1.5 
m3. Soil samples were taken from different horizons. The soils 
sampled were dried in the open air for 10 days and sieved with 
a 2 mm sieve to remove coarse particles. The analyzes focused 
more on the particle size, the hydrogen potential and the cation 
exchange capacity. These analyzes were carried out at sciences 
faculty’s pedology laboratory, University of Kinshasa.

Figure 2. Presentation of inventory system in the study area.
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Ecological Spectra

Biological Types
The biological spectra of a grouping constitute a relative rep-
resentation of the biological types. The biologicaltypes spectra 
analysis provides valuable information on the structure, physi-
ognomy and adaptive strategies of the community (19,21-23).

To do this, the biological types considered in this research 
are mainly those defined according to the classification of 
Raunkiaer (24), extendable to tropical regions (5,19,25-35).

Types of Diaspores
The spectra diaspores types provide information on the nature 
of the diaspores of the species, the mode of dissemination, and 
the possible disseminating agents. In this research we consider 
two diaspores classification types: the morphological classifica-
tion of Dansereau and Lems (30), commonly used by Lubini (5), 
and Masens (36), Evrad (37), and the ecomorphological classifi-
cation of Molinier and Muller (35), which focuses more on the 
possible disseminating agent. In autochorus species of the eco-
morphological classification, diaspores do not show obvious 
adaptations to any external dispersal agent (10, 38).

Types of Leaf Sizes
The leaf sizes type spectra were inspired by the system of 
Raunkiaer (5,19,24,36). This classification takes leaf dimensions 
into account. These are therefore the following types: leptophylls 
(lepto), nanophylls (Nano), microphylls (Micro), mesophylls 
(Meso), and macrophylls (Macro) or even megaphylls.

Phytogeographic Analysis of the Flora
Harari (19) specifies that the chorological spectra make it pos-
sible to give valuable indications on the origin and on the area 
of   different species group distribution. This information in turn 
makes it possible to define chorological affinities at the local, 
sub-regional, regional, etc. scale. To do so, the following catego-
ries are recognized:

Species with a very wide distribution that are widespread in 
several parts of the world, namely: cosmopolitan species (Cos), 
pantropical species (Pan), Afroneotropical species (Ant), and pa-
leo-tropical species (Pal).

African species with wide distribution other than the regional 
species. They are widespread in several phytogeographical re-
gions of the continent; they are precisely continental Afro-trop-
ical (AT) species.

1. Regional species confined to a single phytogeographical 
entity
These include Guineo-Congolese species and species from the 
former Sudano-Zambezi region, which White (39-41) split into 
two regional centers of endemism Sudanese and Zambezian. As 
a result, we then distinguish: species from the regional center of 
Guinea-Congolese endemism. e.g.: Fillaeopsis discophora; omni-
Guineo-Congolese species (GC): observed throughout the 
Guinea-Congolese region, e.g.: Pterygota macrocarpa; Lower 
Guinean species (BG) e.g.: Pseudospondias microcarpa; Bas-
Guineo-Congolese species (BGC): present in the Lower Guinean 
and Congolese sub-centres, e.g.: Afrocalanthea rhizantha; and 
species from the Congolese sub-center (C) as defined by White 
(40) and Lubini (42). e.g.: Anthocleista schweinfurthii.

2. Species of regional transition zones
Guinean-Congolese-Zambézian species: species found in 
the Guinean-Congolese-Zambézian transition zone. e.g.: 
Rothmania whitfieldii.

RESULTS

In this section, we present the results of the floristic, ecological 
and phytogeographical study of the Wamba Valley massif forest 
in Kwango in the DRC. These results relate to observations made 
in the forest massif around the Kinsanga River and in the Wamba 
River basin in Kenge city vicinity. Kinsanga is a tributary of the 
Wamba River. The study site is part of the Guineo-Congolese-
Zambézi transition zone.

Floristic Composition of the Wamba Valley Forest Flora 
(Kenge 2) in the DRC
The forest flora of this area is rich and diversified. Examination 
of the whole flora reveals the presence of 192 species, subspe-
cies, and varieties divided into 160 genera and 58 families. The 
detailed analysis of the inventoried species systematic groups 
appears in Table 1.

Table 1. Analysis of systematic groups of species.

Systematic groups Number of families Number of genera Number of species %

1. Ptéridophytes 3 3 3 1.5

2. Spermatophytes

Pynophyta (Gymnosperm) 1 1 1 0.5

Magnolophyta (Angiosperm)

Magnoliopsida (Dicotyledonous) 43 130 157 81.7

Liliopsida (Monocotyledon) 11 26 31 16.1

Total 58 160 192 100
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The Table 1 above on the analysis of the species systematic 
groups shows the abundance of spermatophytes magnolophyta 
(angiosperms) magnoliopsida (dicots) (i.e., 81.7% of species), 
followed by angiosperms monocotyledons spermatophytes 
(i.e., 16.1%) with the others groups being less represented.

Pteridophytes
In total, 3 species of pteridophytes were identified in the study 
environment. This taxonomic group forms 1.5% of the species 
that constitute the phytodiversity of this massif forest. They are 
cosmopolitan perennial herbs, edible by local people. Among 
these species, Pteridium aquilinum represents food and eco-
nomic values   insofar as its young shoots are consumed as a 
vegetable and can be the subject of small trade in both rural 
and urban areas.

Spermatophytes
Two systematic groups characterize the spermatophyte flora in 
this massif forest. These represent 98.5% of the species inven-
toried.

The pynophyta (or gymnosperms)
In this category, only one species (Gnetum africanum) was in-
ventoried and this constitutes 0.5% of the species of the study 
area massif forest. This species is subject to strong human pres-

sure because of its nutritional and economic values. The leaves 
of this species are found everywhere in the various markets of 
the DRC, in rural and urban areas. This strong pressure on the 
resource represents a threat to the survival of the species in the 
study area.

Magnolophyta (or angiosperms)
This group characterizes the majority of the species identified 
and represents 98% of the forest flora species in the study area. 
In this group; magnoliopsida (or dicotyledons) represent 81.7% 
of species while liliopsida (or monocotyledons) constitute 
16.1% of the studied flora species.

Specific Diversity
Species richness gives an idea of the inventoried species diversity 
in a given environment. Thus, the inventory carried out in the 
Wamba Valley massif forest (Kenge 2) shows that this massif is 
rich and contains within it an important diversity. Of all these 
species, we note the dominance of species of the Fabaceae 
family with 30 species, followed by the Rubiaceae family with 18 
species, the Euphorbiaceae family, Malvaceae and Apocynaceae 
with 9 species for each of the families, and the Marantaceae 
family with 8 species. The other families are less represented. The 
complete floristic list is given in the Table 2.

Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra).

Family Genus and species DP TB TD TF Ecol.g

Acanthaceae Anonidium mannii Diels. BGC MgPh Sar Meso Scia

Adianthaceae Antrocaryon nannanii De wild. BG MsPh Sar Meso Helio

Anacardiaceae Greenwayodendron swaviolens Verdc. BG MgPh Sar Meso Helio

Anacardiaceae Pseudospondias microcarpa Engl. AT MsPh Sar Meso Helio

Annonaceae Pteris similis Kuhn. GC Grh Scl Meso Hemi-Helio

Annonaceae Thomandersia butayei De Wild. BGC NPh Bal Meso Hgr-Scia

Annonaceae Uvariospis congensis Robyns et Ghesp. CGC MsPh Sar Meso Hgr-Scia

Annonaceae Xylopia aethiopica (Dunal) A. Rich. AT MsPh Sar Micro Hemi-Helio

Apocynaceae/Apocynioideae Alstonia congolensis. Engl. GC MgPh Pog Meso Helio

Apocynaceae/Apocynioideae Dewevrella cochliostema De wild. CGC Lph Sar Micro Hgr-H-Scia

Apocynaceae/Apocynioideae Funtumia africana (Benth.) Stapf. GC MsPh Sar Meso Hemi-Scia

Apocynaceae/Apocynioideae Landolphia jumullei Pichon BGC Lph Sar Meso Scia

Apocynaceae/Apocynioideae Landolphia owariensis P.Beauv. GC Lph Sar Meso Helio

Apocynaceae/Apocynioideae Pycnobotrya nitida Benth. AT Lph Sar Meso Hemi-Scia

Apocynaceae/Apocynioideae Rauvolfia vomitoria Afzel. GC McPh Sar Meso Helio

Apocynaceae/Apocynioideae Strophanthus hipidus DC. GC Lph Pog Meso Helio

Apocynaceae/Apocynioideae Tabernaemontana crassa Benth. GC MsPh Sar Mega Helio
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Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Araceae Anchomanes difformis (BL.)Engl. GC meG Sar Mega Scia

Araceae Anchomanes giganteus Engl. GC meG Sar Mega Scia

Araceae Culcasia angolensis Welw.Ex. Schott. GC Phgr Sar Mega Hemi-Helio

Araceae Lasimorpha senegalense Schott. AT Gt Sar Mega Helio

Asparagaceae Draceana mannii Baker. AT MsPh Sar Micro Hemi

Balsaminaceae Impatiens niamniamensis Gilg. AT Thd Bal Meso Hgr-Helio

Bignoniaceae Kigella africana (Lam.)Benth. AT MsPh Bal Meso Hgr-H-Scia

Bignoniaceae Markhamia tomentosa K.Schum. GC MsPh Ptér Meso Helio

Bignoniaceae Spathodea campanulata P. Beauv. AT MsPh Sar Meso Hgr-Nit-
Helio

Burceraceae Canarium schweimfurthii Engl. GC MgPh Sar Mega Scia

Burceraceae Dacryodes edulis H.J.Lam GC MsPh Sar Meso Hemi-Scia

Cannabaceae Celtis tessmannii Rendle. GC MgPh Sar Micro Scia

Cannabaceae Trema orientalis L.Blume Pal McPh Sar Meso Helio

Cealastraceae Salacia debilis (G.Don) Walp. GC Lph Sar Meso Scia

Chrysobalanaceae Parinari excelsa Sabine. BGC MgPh Sar Meso Hygr-Scia

Clusiaceae Garcinia kola Haeckel GC MsPh Sar Meso Helio

Clusiaceae Harungana madagascariense Lam.
ex Poir

Ant MsPh Sar Meso Helio

Commelinaceae Palisota ambigua (P.Beauv.) C.BCl. GC Grh Sar Meso Hemi-Scia

Connaraceae Agelaea dewevrei De Wild. BGC Lph Sar Meso Hgr-H-Scia

Connaraceae Agelaea pentagyna (Lam.) Bail. BGC Lph Sar Meso Hgr-H-Scia

Connaraceae Cnestis ferrugineus Dc. GC Lph Sar Micro Helio

Costaceae costus afer Ker-Gawl. BGC Grh Sar Mega Helio

Cyperaceae Scleria boivinii Steud. GC Grh Scl Micro Helio

Dennstaedtiaceae Ptéridium aquilinum L.Kuhn Cos Grh Scl Micro Helio

Dichapetalaceae Dichapetalum brazzae Pellegr. BG Lph Sar Meso Hygr-Scia

Dichapetalaceae Dichapetalum germainii Hauman. BG Lph Sar Meso Hgr-Scia

Dichapetalaceae Dichapetalum pedicellatum Krause. BGC Lph Sar Meso Hygr-Scia

Dilleniaceae Tetracera poggei Gilg. GC Lph Bal Meso Psa

Dioscoreaceae Dioscorea similasiphonia De wild. GC Gt Ptér Meso Hemi-Helio

Ebenaceae Diospyros crassiflora Hiern. BGC MsPh Sar Meso Hygr-H-Scia

Ebenaceae Diospyros gilletii De wild. C McPh Sar Meso Hemi-Helio
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Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Ebenaceae Diospyros pseudomespilus Muld.br BG McPh Sar Meso Hemi-Helio

Euphorbiaceae Alchornea cordifolia Arg. AT MsPh Sar Meso Helio

Euphorbiaceae Chaetocarpus africanus Pax BGC MsPh Bal Meso Scia

Euphorbiaceae Croton mubango Mull. Arg. BGC MsPh Bal Meso Psa

Euphorbiaceae Croton sylvaticus Hochst. AT MsPh Sar Meso Hygr-Helio

Euphorbiaceae Macaranga monandra Mull.Arg. BGC MsPh Sar Meso Helio

Euphorbiaceae Macaranga spinosa Mull. Arg. GC MsPh Sar Meso Helio

Euphorbiaceae Necepsia zairensis Bouchat & J.Léonard. C McPh Bal Meso Helio

Euphorbiaceae Sclerocroton cornitus Pax. BGC MsPh Bal Micro Helio

Euphorbiaceae Sclerocroton oblongifolium Pax. BGC MsPh Bal Micro Helio

Fabaceae/Caesalpinioideae Cassia absus L. Pan Thd Bal Meso Nit

Fabaceae/Caesalpinioideae Cassia mimosoides L. Pal Chd Bal Meso Hygr-Helio

Fabaceae/Caesalpinioideae Cassia siamea Lam. BGC MgPh Sar Meso Nit

Fabaceae/Caesalpinioideae Copaifera religiosa J. Léonard BGC MgPh Bar Micro Hygr-H-Scia

Fabaceae/Caesalpinioideae Dialum pachyphyllum Harms. Engl. BGC MgPh Sar Micro Scia

Fabaceae/Caesalpinioideae Griffonia physiocarpa Baill. GC Phgr Bar Meso Hemi-Scia

Fabaceae/Caesalpinioideae Griffonia speciosa Comper. CGC Lph Bal Meso Hygr-Helio

Fabaceae/Caesalpinioideae Guibourtia demeusei J.Léonard. CGC MgPh Sar Meso Helio

Fabaceae/Caesalpinioideae Hymenostegia mundungu Harms. BG MgPh Bal Lepto Scia

Fabaceae/Caesalpinioideae Paramacrolobium coeruleum 
J.Léonard.

AT MgPh Bal Meso Hemi-Scia

Fabaceae/Caesalpinioideae Prioria balsamifera (Harms) Breteler. BGC MgPh Ptér Meso Hemi-Helio

Fabaceae/Caesalpinioideae Prioria oxyphila Breteler. BGC MgPh Pog Meso Helio

Fabaceae/Caesalpinioideae Scorodophloeus zenkeri Harms. BGC MgPh Bar Lepto Scia

Fabaceae/Caesalpinioideae Tessmania africana. Engl. CGC MgPh Bar Meso Hygr-Helio

Fabaceae/Faboideae Amphirmas feruginea Pierre. GC MgPh Sar Meso Helio

Fabaceae/Faboideae Centrosema pubescens Benth Ant Chgr Bar Micro Helio

Fabaceae/Faboideae Dalhousea africana S. Moore. BGC Lph Bal Meso Helio

Fabaceae/Faboideae Dewevrea bilabiata Midreli. CGC Lph Bal Meso Hygr-Helio

Fabaceae/Faboideae Leptoderris nobilis Dunn. BGC Lph Bal Meso Hygr-Helio

Fabaceae/Faboideae Milletia laurentii De wild. BGC MgPh Bal Meso Helio

Fabaceae/Faboideae Milletia versicolor Welw. Ex. Bak. AT MsPh Bal Meso Helio

Fabaceae/Faboideae Pterocarpus angolensis DC. AT MsPh Ptér Lepto Helio
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Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Fabaceae/Mimosoideae Acasia pentagona Gilbert et Boutique. AT Lph Bal Lepto Hygr-Helio

Fabaceae/Mimosoideae Dalbergia ealaensis De wild. CGC Lph Ptér Meso Mes-Hygr

Fabaceae/Mimosoideae Fillaeopsis discophora Harms. CGC MgPh Bar Micro Helio

Fabaceae/Mimosoideae Pentaclethra eetveldeana De wild. & 
Th. Dur.

BGC MgPh Bal Lepto Helio

Fabaceae/Mimosoideae Pentaclethra macrophylla Benth. GC MgPh Bal Micro Helio

Fabaceae/Mimosoideae Piptadeniastrum africanum (Hook.F.)
Brenan.

GC MgPh Bal Lepto Helio

Fabaceae/Mimosoideae Pseudoprosopus claessensii (De wild) 
Gilbert et Boutique.

GC Lph Bal Micro Hygr-H-Scia

Fabaceae/Mimosoideae Tetrapleura tetraptera Taub. GC MsPh Bal Lepto Helio

Gentianaceae Anthocleista schweinfurthii Gilg. C MsPh Scl Mega Helio

Gleicheniaceae Gleichenia linearis Cl. Pal Grh Scl Meso Helio

Gnetaceae Gnetum africanum Welw. BGC Phgr Sar Micro Hélio

Huaceae Afrotirax lepidophyllus Mildbr. CGC MgPh Sar Meso Hemi-Scia

Huaceae Hua gaboni Pierre. BGC MsPh Sar Meso Scia

Irvingiaceae Irvingia gabonensis Baill. GC MsPh Bar Meso Helio

Irvingiaceae Irvingia grandifolia Engl. BGC MgPh Bar Meso Helio

Irvingiaceae Irvingia smithii Mildbr. BGC MsPh Bar Meso Helio

Irvingiaceae Klainedoxa gabonensis Pierre ex. Engl. 
K.

GC MgPh Bar Meso Helio

Lamiaceae Vitex congolensis De Wild.& Th. Dur. GC MsPh Sar Meso Helio

Lamiaceae Vitex ferruginea Schumach et Thonn. GC MsPh Sar Meso Helio

Lamiaceae Vitex madiensis Oliv AT MsPh Sar Meso Helio

Lecythidaceae Petersianthus macrocarpus (P. Beauv.)
K.Schum.

GC MsPh Ptér Meso Helio

Logoniaceae Mostuea hursuta Bak. GC NPh Scl Micro Scia

Malvaceae/Bombacoideae Ceiba pentadra (L.)Gaertn. Pan MsPh Pog Meso Helio

Malvaceae/Malvoideae Urena lobata (L.)ASA-SP-C Pan Nph Desm Meso Helio

Malvaceae/sterculioideae Cola acumunata Schott & Endl. GC MsPh Sar Meso Scia

Malvaceae/sterculioideae Cola altissina Engl. GC MsPh Sar Meso Scia

Malvaceae/sterculioideae cola marsupium K. Schum. GC McPh Sar Meso Scia

Malvaceae/sterculioideae Pterygota bequaertii De wild. GC MsPh Sar Meso Helio

Malvaceae/sterculioideae Pterygota macrocarpa K. Schum. GC MsPh Ptér Meso Helio

Malvaceae/sterculioideae Sterculia bequaertii De wild. BGC MsPh Bal Meso Helio
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Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Malvaceae/sterculioideae Sterculia tragacantha Lindi. AT MgPh Bal Meso Hemi-helio

Marantaceae Afrocalanthea rhizantha K. Schum. BGC Thd Sar Meso Hemi-Scia

Marantaceae Halopegia azurea K. Schum. GC Thd Sar Meso Hemi-Scia

Marantaceae Haumania liebrechtsiana J.Léonard. GCZ Thd Sar Mega Helio

Marantaceae Hypcelodelphys scandes Louis & 
Mullend.

GC mGrh Sar Meso Helio

Marantaceae Hypselodelphys poggeana (K. Schum.) 
Milne-Redh.

GC mGrh Sar Meso Helio

Marantaceae Marantochloa purpurea (Ridl.)Milne-
Redh.

GC Thd Sar Meso Hemi-Scia

Marantaceae Sarcophrynium brachystachys (Benth.)
K. Schum.

GC mGrh Sar Meso Hemi-Scia

Marantaceae Thaumatococcus daniellii (Benn) 
Benth. & Hook. F.

GC Grh Sar Meso Helio

Melastomataceae Memecylon buchananii Gilg. GC McPh Sar Meso Scia

Melastomataceae Dichaetanthera corymbosa Jacq.- Fél. AT MsPh Sar Meso Hemi-Scia

Meliaceae Entandrophragma angolense (Welw) 
C.DC.

GC MgPh Bal Meso Hemi-Scia

Meliaceae Entandrophragma candollei Harms. GC MgPh Bal Meso Hemi-Scia

Meliaceae Entandrophragma cylindicum Sprague. GC MgPh Bal Meso Hemi-Scia

Meliaceae Entandrophragma utile Dawe & 
Sprague,

GC MgPh Bal Meso Hemi-Scia

Meliaceae Lovoa trichilioides Harms. GC MgPh Bal Meso Helio

Menispermaceae Triclisia gilletii Staner. GC Lph Sar Meso Helio

Moraceae Dorstenia bequaertii De wild. GC Chd Bal Meso Scia

Moraceae Ficus exasperata Vahl. BGC MgPh Sar Meso Helio

Moraceae Ficus mucuso Welw. AT MsPh Sar Meso Helio

Moraceae Milisia excelsa Berg. GC MsPh Sar Meso Helio

Moraceae Trilepisium madagascariense D.C. AT MgPh Sar Meso Helio

Myristicaceae Embelia guineensis Bak. Ant Lph Sar Micro Helio

Myristicaceae Pycnanthus angolens Gilbert. GC MgPh Bal Meso Scia

Myristicaceae Pycnanthus marchalianus Ghesq. BGC MgPh Bal Meso Scia

Myristicaceae Staudia kamerunensis Warb. GC MgPh Bal Meso Scia

Ochnaceae Rhabdophyllum arnoldiunum Tiegh. BGC McPh Sar Meso Scia

Olacaceae Olax gambecola Baill. GC NPh Sar Meso Scia
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Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Olacaceae Olax latifolia Engl. BGC MsPh Sar Meso Scia

Olacaceae Olax subscorpioides Oliv. BGC MsPh Sar Meso Hemi-Scia

Olacaceae Olax wildemanii Engl. BGC McPh Sar Meso Scia

Olacaceae Ongokea gore Pierre. GC MgPh Bal Meso Scia

Palmae (Arecaceae Elaeis guineensis Jacq. Pan MsPh Sar Meso Helio

Palmae (Arecaceae) Eremospatha haullevilleana De wild. BGC Lph Sar Meso Hemi-Scia

Palmae (Arecaceae) Laccosperma secundiflorum (P.Beauv.)
Wendl.

GCZ Phgr Sar Meso Helio

Palmae (Arecaceae) Raphia regalis Becc. BGC MsPh Sar Meso Helio

Palmae (Arecaceae) Raphia sese De wild. BGC MsPh Sar Meso Helio

Palmae (Arecaceae) Rhektophyllum mirabile De wild. BGC Lph Sar Meso Helio

Passifloraceae Barteria fistulosa Sleumer BGC MsPh Sar Meso Helio

Phyllantaceae (Pandaceae) Microdesmis haumaniana J. Léonard. GC MsPh Sar Meso Helio

Phytolaccaceae Hilleria latifolia Walter. AT McPh Sar Meso Hygr-scia

Piperaceae Piper guineense Schumach. C Phgr Sar Meso Hemi-Scia

Poaceae Leptaspis cochleata Thwait. Pal Chp Scl Micro Hemi-Scia

Poaceae Olyra latifolia L. Pan Chp Scl Meso Hemi-Scia

Putranjivaceae Drypetes gossweileri S.Moore BGC MsPh Sar Meso Helio

Rubiaceae Bertiera letouzeyi N. Hallé. GC McPh Sar Meso Hemi-helio

Rubiaceae Craterispermum laurinum Benth. AT McPh Sar Meso Helio

Rubiaceae Cremaspora triflora Thonn. GC Lph Sar Micro Helio

Rubiaceae Crossopteryx febrifuga Benth. BGC MsPh Sar Micro Helio

Rubiaceae Gaertnera bracteata Petit. GC MsPh Sar Meso Helio

Rubiaceae Gaertnera paniculata Benth. GC MsPh Sar Meso Helio

Rubiaceae Gardenia imperialis Schum. AT MsPh Sar Meso Helio

Rubiaceae Leptactina leopoldi At.Buttner BGC MsPh Sar Meso Helio

Rubiaceae Mittragyna stipulosa (D.c) O. Kunttze. AT MsPh Ptér Mega Hemi-Scia

Rubiaceae Morinda lucida Benth. GC MsPh Sar Mega Helio

Rubiaceae Morinda morindoides Milne-Redh. GC Lph Sar Meso Helio

Rubiaceae Nauclea diderrichii Merr. GC MsPh Sar Meso Helio

Rubiaceae Pausinystalia johimbe Pierre. BG MsPh Sar Mega scia

Rubiaceae Psydrax palma K. Schum. C McPh Sar Nano Hemi-Scia

Rubiaceae Rothmania whitfieldii (Lindl.)Dandy. GCZ MsPh Sar Meso Scia
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Studies of the Ecological Spectra of Species

Biological types

The analysis of spectra of biological types of species shows that 

the forest massif of the study area is characterized by the ma-

jority of phanerophyte species. The other categories are poorly 

represented (Figure 3).

Diaspore Type
It should be remembered that the type spectra of the diaspores 
provide information on the nature of the diaspores of the spe-
cies and give indications as to their mode of dissemination and 
their possible disseminating agents. Analysis of the results in 
the following Figure 4 shows the presence of several types of 
diaspores. Of all these different categories of types of diaspores 
identified in the study area, we note the strong presence of 

Table 2. Floristic composition of the forest massif studied (final list of all species inventoried and their ecological spectra). 
(continued)

Family Genus and species DP TB TD TF Ecol.g

Rubiaceae Sabicea dinklagei K. Schum. BGC Lph Sar Meso Hemi-Scia

Rubiaceae Sareocephalus latifolius E.A Bruce. AT MsPh Sar Méso Helio

Rubiaceae Spermacoce latifolia Aubl GC Thpr Scl Micro Helio

Rutaceae Zanthoxylum gilletii (De wild.)
Waternan.

GC MsPh Bal Mega Helio

Salicaceae Homalium africanum (Hook. F.)Benth. AT MsPh Sar Meso Helio

Salicaceae Oncoba welwetschii.Oliv. AT McPh Sar Meso Helio

Salicaceae Paropsia guineensis. Oliv. BGC MsPh Bal Meso Helio

Sapindaceae Allophylus lastourvillensis Pellerg. CGC MsPh Sar Méso Helio

Sapindaceae Blighia welwitschii Engl. GC MsPh Bal Meso Scia

Sapindaceae Chytranthus gilletii De wild. GC MsPh Sar Meso Scia

Sapotaceae Manilkara argentéa P.ex Dubard. GC MsPh Sar Meso Helio

Sapotaceae Chrysophyllum lacourtianum De wild. BGC MsPh Sar Meso Hemi-Scia

Sapotaceae Donella ubangiensis (De wild.). Aubr. CGC MsPh Sar Meso Hygr-Helio

Sapotaceae Manilkara obovata J.H GC MsPh Sar Meso Helio

Similacaceae Smilax anceps Willd. AT Lph Sar Meso Helio

Strychnaceae Strychnos variabilis De.wild GC MsPh Sar Micro Hemi-Scia

Thelipteridaceae Cyclosorus striatus (Schum.) Ching. AT Grh Scl Nano Helio

Urticaceae Musanga cecropioides R. Br. GC MgPh Sar Mega Helio

Urticaceae Myrianthus arborea P. Beauv. GC MsPh Sar Mega Hygr-Helio

Zingiberaceae Afromomum angustifolium K. Schum. BGC mGrh Sar Mega Helio

Zingiberaceae Afromomum giganteum K.Schum. BGC mGrh Sar Mega Helio

Zingiberaceae Aframomum melegueta K.Schum. GC mGrh Sar Mega Hemi-Scia

TB: biological type; DP: phytogeographical distribution; TD: type of diaspore; TF: Type of leaf size; Ecol.g: ecological group; BGC: Lower Guinean-Congolese; BG: 
Lower Guinean; AT: afrotropical; GC: Guinean-Congolese; CGC: Guinean-Congolese center; C: central Congolese species; Pal: paleotropical; Ant: afroneotropical; Cos: 
cosmopolitan; Pan: pan-tropical; MgPh: megaphanerophytes; MsPh: mesophanerophytes; McPh: microphanerophytes; LPh: woody phanerophytes; Grh: rhizomatous 
geophytes; mGrh: rhizomatous megaphanerophytes; Gt: geophytes; Chgr: climbing chamaephytes; Thd: erect therophytes; Chp: prostrate chamaephytes; Sar: 
sarcochores; Pog: pogonochores; Scl: sclerochores; Pter: pterochores; Desm: desmochores; Bar: barochores; Meso: mesophylls; Micro: microphyll, Mega: megaphyll; 
Lepto: leptophyll; Scia: sciophilous; Helio: heliophile; Hemi-Helio: hemi-heliophile; Hgr-scia: hygro-sciaphilic; Hgr-H-Scia: hygro-hemi-sciaphilic; Hemi-Scia: hemi-
sciaphilous; Hygr-Helio: hygro-heliophilic; Hygr-Nit-Helio: hygro-nitro-heliophilic; Psa: spamophile; Nit: nitrophile.
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sarcochores followed by ballochores and sclerochores. Ptero-
chores, desmochores, pogonochores, and barochores remain 
weakly represented.

Phytogeographic Distribution
The chorological study of a plant group is the representation 
of species according to the area of geographical distribution in 
the surface of the terrestrial globe. Indeed, Figure 5 shows the 
phytogeographical distribution of species. It appears from the 
results obtained that the Guinean-Congolese species predomi-
nate, followed by the Bas-Guinean-Congolese, Afrotopical spe-
cies, and the elements of the Guinean-Congolese center.

Type of Leaf Size
The type spectra of the leaf sizes of the species inventoried in 
the study area are shown in Figure 6. 

Ecological Group
The ecological group gives precious indications on the temper-
ament of the species at the young stage. It also provides infor-
mation on the substrate and the possible habitat of the species 
(Figure 7). The analysis of the observations made on the eco-

Figure 3. Analysis of the biological types of the inventoried and 
identified species.

Figure 6. Analysis of leaf quantities of species identified. Exam-
ination of this figure provides information on the abundance of 
mesophyll (Meso) species, followed by microphylls (Micro) and 
megaphylls (Mega), while nanophylls (Nano) and leptophylls 
(Lepto) are poorly represented.

Figure 7. Ecological affinity of species in the study area.

Figure 5. Phytogeographic distribution of species.

BGC: Bas Guineo-Congolais; BG: Guinean stockings; AT: Afrotropical; GC: 
Guineo-Congolais; CGC: Guineo-Congolese center; C: species of the Con-
golese center; Pal: paleotropical; Ant: Afroneotropical; Cos: Cosmopolite; 
Pan: Pan-Tropical.

Figure 4. Analysis of diaspores types according to the dissemi-
nation of each species.

Sar: sarcochores; Pog: pogonochores; Scl: sclerochores; Pter: pteroch-
ores; Desm: desmochores; Bar: barochores.
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logical group of species highlights the observation that, in the 
forest massif visited, there are more heliophilous species. The 
other groups are poorly represented.

Analysis of Climatic Aspects
Climatic factors play a decisive role in the evolution of vegeta-
tion. Temperatures and precipitation characterize the climatic 
elements that influence the distribution of living beings in a 
given territory. The climatic data collected in the field (Kenge 
station) enabled us to establish the ombrothermic diagram of 
the area in order to characterize the type of vegetation relating 
thereto (Figure 8). The analysis of the climatic data reveals that 
the study area is characterized by a humid tropical climate, with 
an average monthly temperature of 22°C while the cumulative 
monthly rainfall is around 231 mm. These factors are favorable 
to the evolution of a vegetation of the Guineo-Congolese type.

Soil Test Result
The soil analyses show that the study site is characterized by a 
type of clayey-sandy soil. This type of soil is favorable to the evo-
lution of vegetation of the Guineo-Congolese type. The results 
indicate the presence of exchangeable cations. Table 3 below 

presents the particle size composition of the soil in the study 
area. The particle size analysis of the studied soil gives as results 
58.7% for sands, 32.4% for clays, and 8.9% for silts

Threatened or Rare Species
In the study area, these different species are threatened and 
have become rare in the region due to overexploitation and the 
fragmentation or degradation of their habitats. These different 
species have food, medicinal, and socio-cultural values, and 
others are highly coveted species for timber and construction 
timber while the fibers of the Palmae are used to make craft 
tools (furniture, shelves, bags, sandals, clothes, etc.). Table 4 
presents the threatened species.

Environment Study
This research was carried out in the Wamba Valley. The Wamba 
is a river in the DRC that has its source in Angola, and forms 
the hydrographic network of the basin of the Kasai River, the 
main tributary of the Congo River. The following image (Figure 
9) shows the Wamba River, the studied forest and a few plants 
of Elaeis guineensis Jacq. (Oil palm tree).

DISCUSSION

This ecological and phytogeographic floristic study of the 
Wamba Valley massif forest is part of the inventory and 
knowledge of natural resources for sustainable management. 
The study environment is part of the Guinean-Congolese-
Zambézian transition zone. This area is characterized by the 
mixture of species from the Guineo-Congolese regional center 
of endemism and Zambezian species (42). Despite an important 
anthropogenic pressure to which the massif forest concerned 
by our study is subjected, the floristic inventory has noted the 
existence of 192 species, subspecies, and varieties divided into 
160 genera and 58 families. This flora is rich and diverse. More a 

Figure 8. Ombrothermic diagram in hydrological and civil year.

Table 3. Particle size composition of the soil studied.

Components Particle size composition in %

Coarse sands 48.1

Fine sands 10.6

Clays 32.4

Fine silts 5.3

Coarse silts 3.6
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Figure 9. The presentation of the Wamba River and gallery forest studied with a few visible plants of Elaeis guineensis Jacq. (Oil palm tree).

Table 4. Threatened or rare species. The analysis of this table shows that a whole diversity of species in the area undergo 
enormous pressures and are carried out from their local disappearance. A total of 26 species were identified.

Family Species

Annonaceae Xylopia aethiopica (Dunal) A. Rich.

Burceraceae Canarium schweimfurthii Engl.

Cannabaceae Celtis tessmannii Rendle.

Clusiaceae Garcinia kola Haeckel

Fabaceae/Caesalpinioideae Paramacrolobium coeruleum J.Léonard.

Fabaceae/Caesalpinioideae Prioria balsamifera (Harms) Breteler.

Fabaceae/Caesalpinioideae Prioria oxyphila Breteler.

Fabaceae/Caesalpinioideae Scorodophloeus zenkeri Harms.

Fabaceae/Faboideae Milletia laurentii De wild.

Fabaceae/Faboideae Pterocarpus angolensis DC.

Gnetaceae Gnetum africanum Welw.

Huaceae Afrotirax lepidophyllus Mildbr.

Huaceae Hua gaboni Pierre.

Malvaceae/sterculioideae Cola acumunata Schott & Endl.

Marantaceae Sarcophrynium brachystachys (Benth.)K. Schum.

Meliaceae Entandrophragma angolense (Welw) C.DC.

Meliaceae Entandrophragma candollei Harms.

Meliaceae Entandrophragma cylindicum Sprague.

Meliaceae Entandrophragma utile Dawe & Sprague,

Moraceae Milisia excelsa Berg.

Moraceae Trilepisium madagascariense D.C.

Palmae (Arecaceae) Eremospatha haullevilleana De wild.

Palmae (Arecaceae) Raphia regalis Becc.

Palmae (Arecaceae) Raphia sese De wild.

Rubiaceae Mittragyna stipulosa (D.c) O. Kunttze.

Zingiberaceae Aframomum melegueta K.Schum.



82 83

Eur J Biol 2022; 81(1): 68-84
Théophane et al. Flora of the Wamba Valley in DRC

stand is floristically rich in cash, less than homogeneous (6,41). 
The heterogeneity of flora is the result of geological, climatic, 
and edaphic factors. Of all the families of the inventoried species, 
that of Fabaceae predominates with 30 species, followed by that 
of Rubiaceae with 18 species, while the other families are weakly 
represented. The analysis of these results shows that this zone 
is rich in biodiversity and deserves rational conservation. These 
results corroborate those of Belesi (7) in the bottom Kasai, which 
also reports the dominance of the species of the Fabaceae family; 
Former family of the flora of the intertropical area in general and 
from Central Africa in particular. This same observation is also 
done in the N’djili River Basin in Kinshasa, and Habari (19) in this 
area of study, the abundance of the old families of the local flora 
characterized by the Fabaceae, Rubiaceae, and Euphorbiaceae, 
which are often more dominant than other families. Dewasseige 
et. al. (3), Lebrun (25,26), and Menga (43) confirm that in 
Congolese forests, the Fabaceae family (Caesalpinioideae) 
often remain dominant and rich in genre and species. This great 
diversity is justified by the fact that several factors influence 
the diversity of a given territory. This is particularly the case of 
the diversity of ecological sites since this massif is evolving in 
a relief consisting of the slopes and valley, without forgetting 
the hydromorphic substrate. Ntalakwa and al. (23) confirm 
that the diversity of ecological sites promotes isolation, that 
is to say an adaptation to the particular ecological conditions. 
These conditions may induce or introduce morphological and 
physiological modifications and create new features within the 
species (44). The more geologically and climately a variety of, the 
more species it will have more species than another bit diversified 
(10,36). In total, 3 species of pteridophytes were identified in the 
study environment. This taxonomic group forms 1.5% of the 
species that constitute the phytodiversity of this massif forest. 
Two systematic groups characterize the spermatophyte flora 
in this area. These represent 98.5% of the species inventoried. 
These results corroborate those of research carried out on the 
flora of the Luki Forest Reserve (45). The observations made on 
the biological species type show that in this area, there is an 
abundance of phanerophytes. The abundance of phanerophytes 
proves the forest character of the study site. The structure of 
this massif forest presents 4 strata, that is to say the herbaceous 
stratum and under shrubs, the shrubby stratum, the middle tree 
stratum, and the upper tree stratum. The upper tree stratum is 
characterized by large trees that we call Megaphanerophytes 
(MgPh). The same observations were made by Lubini (17) in his 
study on the stratification and phytosociological classification of 
secondary forests in Central Africa. Examination of the diaspore 
type spectra shows the dominance of sarcochore species. This 
result reflects a general fact observed in the forest. Very often 
in the forest, species with fleshy fruits are observed. These 
fruits are eaten more by animals, and it is considered that the 
species with fleshy fruits are older than those with dried fruits. 
Dissemination of these types of diaspores is ensured by animals 
(Zoochoria) (5,16). The phytogeographical distribution of 
species shows the abundance of Guinean-Congolese species, 
followed by Bas-Guinean-Congolese and Afrotropical species. 
This observation confirms the forest character of the study 

area and its phytogeographical belonging to the Guinean-
Congolese-Zambézian transition zone. White (40) confirms that 
the ecosystems of the Kwango high plateau are characterized 
by mixtures of Guineo-Congolese and Zambezian species. 
The author qualifies this environment as a state of a Guineo-
Congolese-Zambézian transition zone. The leaf size type 
analysis highlights the dominance of mesophilic species. This 
abundance of mesophiles confirms the morphological structure 
of the species of this massif forest. Regarding the ecological 
group, the result obtained shows the abundance of heliophilous 
species, followed by sciaphilous and hemi-sciaphilous species 
(46).

This result confirms the physiological characteristics of the 
species of this forest massif, the capacity and the light needs of 
the species at the young stage (the temperament of the species). 
Our results corroborate those of Miabangana (8), who makes the 
same observation in his study on the floristic, phytogeographical, 
and phytosociological analysis of island and riparian vegetation 
of the Congo River in the Cataract Plateau (Republic of Congo). 
Environmental conditions can influence the adaptation or 
disappearance of a species or species (47). The characteristics of 
the soil studied favor the evolution of a vegetation rich in plant 
species. It is therefore important to continue future studies on 
the possibilities of conserving the biodiversity of the area, which 
adapts to the pedoclimatic conditions of the environment.

CONCLUSION

The floristic, ecological, and phytogeographical study was 
carried out in the Wamba valley massif forest, more precisely in 
Kenge 2. The objective of this research consists of the floristic 
inventory and analysis of the biodiversity in this study area, 
which remains little known on the botanical level. This inventory 
noted the presence of 192 species, subspecies, and varieties 
divided into 160 genera and 58 families. Of all these families 
that of Fabaceae predominates with 30 species followed by 
that of Rubiaceae with 18 species. The studied massif forest is 
part of the Guinean-Congolese-Zambézian transition zone. 
This region is characterized by strong demographic pressure 
which constitutes a threat to the sustainable conservation 
of the resources of this massif forest. Given the significant 
biological diversity contained in this forest, we suggest that it 
be created as a protected area for the sustainable management 
of resources in the study area.
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INTRODUCTION

Viruses are a type of mobile genetic element (MGE) 
that consist of a genome enclosed by a protein cap-
sid with some of them having an external lipid enve-
lope (1,2). Viruses encode at least one protein which 
is a major component of the virion (1). Viroids are 
small (approx. 250-400 nucleotides), non-coding, 
non-translatable, non-encapsidated, single-stranded, 
circular RNAs that replicate by rolling circle mecha-
nism utilizing the host enzymes (1,3-5) whereas viru-
soids are small RNAs (with a circular genome of 400 
nucleotides or less) which depend upon helper viruses 
(HV) for their replication, encapsidation and transmis-

sion (6-8). Virusoid genomes do not generally code for 
proteins but a virusoid associated with the rice yellow 
mottle virus is known to code for a 16 kDa, highly basic 
protein (9). 

Virusoids come under a larger group of satellite 
RNAs (satRNAs). SatRNAs and satellite viruses are 
associated with several viruses. SatRNAs are small 
RNA molecules (up to 1500 nucleotides in length), 
which depend on a HV to replicate, encapsidate and 
to transmit but rarely have any nucleotide sequence 
homology with HV (6). Satellite viruses, on the other 
hand, encode their own capsid protein and are not 
dependent on a HV, at least for encapsidation. For 
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ABSTRACT

Genetic material confined within the lipid based cellular boundaries was earlier considered synonymous with life. However, 
with the discovery of viruses in late 19th century, the existence of acellular biological entities was established. Viruses, viroids, 
and virusoids are unique entities which have different relationships with different life forms ranging from mutualistic to 
parasitic ones. These entities provide evidence in support of the idea of ‘RNA world’ in the origin of life on Earth. In the present 
time, viruses are relatively well studied but the same cannot be said for viroids and virusoids. There has been a growing 
focus on the impact of these entities, in terms of human welfare as well as their impact on susceptible varieties of plants. 
As a result, studying their origin, evolution and pathogenicity has become a subject of the uttermost importance. In this 
review, we have discussed different facets of viruses, viroids and virusoids like their historical background, classification and 
mode of entry and replication in the host. We have also summarized various possible theories on their origin and evolution 
and have provided our take on it. This work indicates the possibility that different viruses originated distinctly by utilizing 
different strategies and evolved further. Clues like small size and high GC content in genomes indicate that viroids must be an 
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example, the satellite tobacco necrosis virus encodes its ico-
sahedral capsid that accommodates its 1260 nucleotide long 
RNA, however, it depends upon its HV i.e., tobacco necrosis 
virus, for RNA polymerase which replicates the genomes of 
both the entities (10). 

SatRNAs and satellite viruses are small molecular parasites. Sa-
tRNAs are mostly parasitic, but commensal or beneficial associ-
ations are also reported (6). SatRNAs have been subdivided into 
three subgroups (7), namely Small linear satRNAs (satRNA of 
less than 700 nucleotides), Large linear satRNAs (satRNA of 0.7-
1.5 kb encoding a minimum of one non-structural protein) and 
Small circular satRNAs or Virusoids (circular RNA shorter than 
400 nucleotides). In this work, only the third sub-group of satR-
NAs, i.e., small circular satRNAs, which is traditionally labelled as 
virusoids, is discussed. Viruses, viroids, and satellites (along with 
viriforms) are selfish MGEs which move between different hosts 
and can change their integration sites in the genomes of hosts. 
The relationship between hosts and MGEs vary from mutualism 
to parasitism (1).

Since the late 19th century, the world of acellular biological 
entities has been extensively studied. The discovery of the 
tobacco mosaic virus (TMV) provided a foundation for future 
research on other viruses as well as other acellular entities 
like viroids and virusoids. In the field of molecular biology, 
initially, the widely accepted idea was the “Central Dogma” 
which believed in unidirectional flow of genetic information 
from DNA to RNA to protein. This flow was presumed to be 
irreversible (11). However, with the discovery of viruses, the 
existence of acellular organisms was established, a fact which 
was further strengthened by subsequent discoveries of vi-
roids and virusoids in the 20th century. These discoveries also 
challenged the widely accepted Central dogma, as certain vi-
ruses have RNA as their genome, which is reverse transcribed 
to produce DNA (12), whereas viroids and virusoids lack DNA 
altogether.

These acellular units are the smallest known biological entities. 
While the prevalence of viral infections is considerably high, the 
same cannot be said about viroids and virusoids. The latter two 
are known to infect plants. It is interesting to note that the very 
existence of these acellular entities supports the possibility of 
the ‘RNA world’. This theory was proposed in 1986 and advocat-
ed for a living system which was entirely composed of RNA in 
the early evolutionary stages of these living systems (13). The 
existence of viroids and virusoids as RNAs and the use of RNA 
by some viruses as their genetic material hint towards a plausi-
ble RNA world stage in the initial stages of the origin of life on 
Earth (14). 

In this review, we discuss some of the historical milestones 
achieved since the discovery of these acellular entities with a 
description of the different mechanisms by which these entities 
infect and replicate. We also elaborate upon the various the-
ories which have been proposed for their origin and possible 
evolution in nature.

HISTORICAL BACKGROUND

Viruses
Viruses were first discovered around the end of the 19th cen-
tury as small entities which were initially identified as unusual 
pathogens capable of passing through filters which bacteria 
couldn’t cross (15). The first virus, TMV, was discovered in 1892 
as a plant pathogen (16). In 1898, the foot-and-mouth disease 
virus (FMDV) was the second virus to be discovered which is 
now known to infect farm animals (17). It was also the first ani-
mal virus to be discovered followed by the discovery of the first 
human infecting virus, the Yellow fever virus. 

An important breakthrough in the field of virology and mo-
lecular biology came with the discovery of bacteriophages 
i.e., viruses that infect bacteria. Bacteriophages were inde-
pendently discovered by two notable scientists, namely Twort 
and d’Herelle (18,19). Bacteriophages are currently being used 
in the field of molecular biology as vehicles for gene deliveries, 
phage display, bacterial bio-sensing devices and even biofilm 
growth control (20). In the field of human clinical biology, phag-
es are being used for the treatment of skin infections caused 
by bacteria, otitis externa, cholera, and certain lung infections 
(21). Currently, viruses are also being researched in terms of 
their development as effective therapeutics. For example, On-
colytic viruses specifically infect and damage tumor cells and 
are minimally toxic to other cells. Zika virus has demonstrated 
a unique oncolytic potential against aggressive glioblastoma 
stem cells and may become a possible therapy against brain 
tumors in the future (22). There are many clinically important 
viruses that were discovered between the 1920s and 1960s in-
cluding the mumps virus, poliovirus, influenza virus, dengue 
virus and many others.

Another revolution was attained in the field of virology when a 
new class of viruses, the retrovirus, was discovered in the 1960s. 
Retroviruses possess RNA as their genetic material and employ 
an enzyme called reverse transcriptase to synthesize DNA cop-
ies from their RNA genome (12). Retroviruses are responsible 
for a huge disease load in humans. Several cancers are caused 
due to infection by retroviruses like the Rous sarcoma virus or 
human T-lymphotropic virus type 1 (HTLV-I). Another major 
disease linked to retroviruses is Acquired Immunodeficiency 
Syndrome (AIDS), caused by the human immunodeficiency vi-
rus (HIV). Retroviruses are responsible for many diseases in hu-
mans, but they have been utilized in many clinical applications. 
For example, retrovirus vectors have been in use for many years 
now to attain stable gene transfer— a molecular technique 
which is widely utilized in gene therapy (23). 

Certain viruses identified over the course of time were the root 
cause of many epidemics. For example, in 1932, the influenza 
virus was first isolated in a laboratory (24). Several members of 
this influenza group of viruses have been noted to be responsi-
ble for many epidemics and pandemics throughout the course 
of history. It is generally agreed that the first influenza pan-
demic outbreak happened in 1580, however, some researchers 
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place the first outbreak in 1510. The 1580 pandemic originat-
ed in Asia and then reached Africa and Europe, subsequently 
spreading to America (25,26). Since 1700, influenza pandemics 
have caused a huge number of human fatalities, where three 
pandemics, namely the 1918 influenza flu, Hong Kong flu and 
Asian flu, claimed millions of lives (25). Other major diseases like 
smallpox, measles, poliomyelitis, and AIDS have claimed many 
millions of human lives in the past. Similarly, pandemics of 21st 
century like SARS, MERS (27) and COVID-19 were caused by dif-
ferent members of the coronavirus family. 

Viroids
In 1971, Theodor O. Diener discovered a type of sub-viral patho-
gen which causes a devastating disease in potato plants known 
as potato spindle tuber disease. He later coined the name ‘Vi-
roids’ for such an infectious agent (3). It was initially believed 
that the underlying causative agent of the potato spindle tuber 
disease was a virus, however, further experimentation with the 
extracts from the infected plants proved that the agent was a 
free RNA and not a virion, as previously expected (3, 28). The in-
fected plant extracts when treated with ribonuclease, destroyed 
the infectivity of the infectious agent, whereas incubation with 
deoxyribonucleases or proteases did not affect its infectivity. 

In 1974, it was established that the viroid RNA doesn’t code for 
any proteins (29) however it was only in 1978 that the nucleo-
tide sequence and secondary structures of the potato spindle 
tuber viroid were decoded (4). Viroids are pathogenic to plants. 
The viroid genome doesn’t code for any protein and its patho-
genicity is attributed to the host RNA silencing pathways (30). 
Current knowledge about viroid structure and its pathogenicity 
was dealt with tactfully in a recent review article (31).

Virusoids
Randles and group reported the first virusoid in 1981, associ-
ated with the Velvet tobacco mottle virus. They isolated it from 
the Australian tobacco plant (Nicotiana velutina) and called it a 
‘viroid like RNA’ (32). Virusoids are known to infect plants. Like 
viroids, the pathogenicity of virusoids is attributed to host RNA 
silencing mechanisms (6).

CLASSIFICATION

The International Committee on Taxonomy of Viruses (ICTV) is 
the sole body which is now responsible for taxonomic classifi-
cation of viruses, viroids and satRNAs along with other sub-viral 
agents like prions. 

Viruses
Viruses have been conventionally classified by various criteria. 
For example, viruses have been classified based on their cap-
sid structure, presence of an outer envelope, genetic material, 
disease caused, host species etc. One of the initial methods in-
volved classifying them by their genetic material. This method 
was developed in the 1970s by David Baltimore (15,33) and is 
summarized in Table 1.

Viruses with double stranded (ds) DNA genomes parasitize a 
great majority of prokaryotes, followed by a significant number 
of single stranded (ss) DNA viruses. Most of the viruses which 
infect eukaryotes possess the RNA genome, however, relatively 
few viruses with RNA genomes are known to infect prokaryotes 
(34).

The ICTV has been classifying viruses since 1966. It uses an array 
of characteristics like type of nucleic acids, number of proteins 
coded, virion size, presence or absence of capsid and many 
more parameters to classify viruses. (35). 

 The ICTV has recently recognized that the taxonomy which it 
developed can be extended in order to project the evolution-
ary relationships between viruses which are distantly related. 
Hence, the ICTV has now changed its code in order to allow a 
15 rank hierarchy, which is very similar to the Linnaean taxo-
nomic system. 8 primary and 7 derivative ranks are used in this 
system. The eight principal ranks include four ranks which were 
already being used as described above (order, family, genus, 
and species) and four are new, i.e., realm, kingdom, phylum 
and class. The seven derivative ranks are derived from princi-
pal ranks, of which ‘subfamily’ was already in use in the previous 
ICTV system. Only primary rank, which doesn’t have a deriva-
tive rank, is ‘species’ as no conclusive definition of ‘subspecies’ 
could be reached (36). The viruses are currently classified in six 

Table 1. Baltimore classification of viruses. ss: single stranded; ds: double stranded; RT: Reverse transcriptase.

Group Group Name mRNA generation mechanism

I dsDNA Transcription takes place directly from ds DNA.

II ssDNA DNA is made ds by replication before the transcription.

III dsRNA mRNA is produced from genomic RNA

IV ssRNA (+) Replication to generate the negative strand from positive strand. Negative strand is transcribed.

V ssRNA (-) Negative strand is directly transcribed.

VI RT ssRNA RT is used to generate DNA from genomic RNA. This DNA is used for transcription.

VII RT dsDNA DNA is transcribed to generate mRNA. This mRNA is reverse transcribed to generate DNA.
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realms and the complete taxonomic details can be accessed 
through the ICTV master list (https://talk.ictvonline.org/files/
master-species-lists/m/msl/12314).

Viroids
The potato spindle tuber viroid (PSTVd) was the first viroid iden-
tified by Diener in the early 1970s (3). Another viroid, the Avoca-
do sun blotch viroid (ASBVd), showed remarkable self-cleaving 
properties through hammerhead ribozymes, thus behaving 
like catalytic RNAs. Based on all the evidence procured from the 
studies on PSTVd and ASBVd, two viroid families, Pospiviroidae 
and Avsunviroidae, were proposed (28,37,38). The use of next 
generation sequencing technologies has enabled the research-
ers to identify new viroids (39,40). As per the ICTV, 33 viroid spe-
cies are officially recognized (41,42).

Until today, 5 viroid species have been grouped in 3 genera 
under family Avsunviroidae (41) whereas 28 viroid species have 
been grouped in 5 genera under family Pospiviroidae (42). The 
members of Avsunviroidae exclusively infect dicots, whereas the 
members of Pospiviroidae infects dicots and some monocots 
(41,42). 

In Pospiviroidae, the viroid replication is localized to the nu-
cleus and is facilitated by a Class-III RNase mediated cleavage 
of the dsRNA structure, whereas in Avsunviroidae, replication 
takes place in the plastids, mainly the chloroplasts, using the 
self-cleaving properties of the hammerhead ribozyme RNA 
motif. The members of Pospiviroidae exhibit relatively low se-
quence diversity among themselves whereas in Avsunviroidae, 
high mutation rates have led to a complex array of sequence 
diversity (38,43).

Virusoids
As per the 9th ICTV report (44), a total of nine small circular satR-
NAs or virusoids are known and a possible member i.e. Cherry 
small circular viroid-like RNA is proposed. These nine officially 
recognized virusoids have been placed in three groups. The 
first of these groups concerns circular satRNAs associated with 
viruses belonging to the Secoviridae family having 3 virusoid 
members, whereas the second group involves one virusoid as-
sociated with viruses belonging to the Luteoviridae family. The 
last group involves virusoids associated with viruses belonging 
to the genus Sobemovirus and has 5 virusoids. 

Most virusoids infect plants but the Hepatitis Delta Virus (HDV), 
which infect humans was previously labelled as a virusoid by 
some researchers. HDV has a circular RNA genome and uses 
Hepatitis B virus as a HV but as its genome size is relatively large 
(~1700 nucleotides), it doesn’t strictly fulfil the requirements to 
be a virusoid (45). Moreover, the ICTV has classified HDV as a 
bona fide virus (44).

ORIGIN AND EVOLUTION

Viruses
Viruses can neither multiply nor carry out essential metabolic 
processes outside living cells, hence their origin still poses a di-

lemma to virologists. As viruses are entirely dependent on living 
cells, the origin and evolution of both viruses and cells seems to 
be intertwined (46).

Three hypotheses (namely the Virus-first hypothesis, Escape hy-
pothesis and Reduction hypothesis) have been put forward to 
explain the origin of viruses:

Virus-first hypothesis
d’Herelle first claimed that viruses appeared before cells (47). 
Others claimed that most viruses (apart from dsRNA and neg-
ative-strand RNA viruses) originated within the primordial 
pool (15). As per this study, positive-strand RNA viruses de-
scended directly from the primordial RNA-protein world and 
reverse-transcribing elements provided a means for transition 
to the DNA world. 

This hypothesis is strengthened by two observations. First, 
RNA is currently considered as the first replicating molecule by 
many biologists rather than DNA. Second, ribozymes i.e., RNA 
molecules having enzymatic properties of catalyzing chemical 
reactions, are reported in the literature. These two observations 
point towards a possibility that these self-replicating RNA mole-
cules originated first, even before the first cells, and then devel-
oped the ability to infect the cells, which originated later (48). 

Further, a considerable portion of all viral genomes is made up 
of genetic sequences that lack cellular homologues and hence 
point towards an exclusive origin of viruses (49). However, as of 
today, all viruses need a cellular machinery to replicate which 
necessitates the presence of cells and hence this hypothesis is 
widely questioned.

Escape hypothesis
According to this hypothesis, viruses were initially a part of cell 
and are derived from fragments of cellular RNA or DNA or both, 
such as plasmids. These fragments escaped cellular control, 
acquired a protein coat and became independent structures 
which were capable of infecting other cells. These viruses fur-
ther evolved by robbing the genes from other cells by the hori-
zontal gene transfer mechanism (46,50). 

Reduction hypothesis
This hypothesis labels viruses as ‘reduced’ parasitic organisms. 
Initially, two autonomous organisms might have entered into 
a symbiotic relationship with each other but over time the de-
pendence of one might have grown more and more such that it 
became parasitic in nature. This parasitic organism then lost its 
genes which were once considered essential. As a result, they 
lost their ability to replicate and became obligatory intracellular 
parasites or ‘viruses’ (48,50).

Both the escape and the reduction hypothesis can be consid-
ered as ‘cell-first’ hypothesis as they advocate for the presence 
of a free-living cell before the origin of viruses. However, these 
Cell-first hypotheses cannot explain the presence of genetic se-
quences in viral genomes which lack the cellular homologues 
(49).
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It is not possible to select any of these hypotheses as the exact 
mechanism. The ‘Virus-first’ hypothesis explains the lack of clear 
cellular homologues. However, ribozymes in HDV are related to 
the human ribozyme CPEB3, both structurally and biochemi-
cally. This observation points towards a possible origin of HDV 
from human transcriptome, hence advocating for the escape 
hypothesis (51). 

Nucleocytoplasmic large DNA viruses (NCDLVs) support the re-
duction hypothesis. Members of this group, especially the mim-
ivirus and poxvirus, are relatively more complex and hence they 
depend less on their hosts. The Mimivirus has a huge genome 
of 1.2 million base pairs as compared to other viruses. Similarly, 
the poxvirus carries many viral enzymes which allows it to pro-
duce functional mRNAs in the cytoplasm of the host cell (48,52).

In our view, strong evidence exists in favor of all three hypothe-
ses. It is possible that different viruses must have originated dis-
tinctly using different strategies and evolved further. This con-
clusion is further backed by a recent study (53) which showed 
that major virion proteins evolved at 20 independent occasions. 
In some of these cases, the ancestry could be traced to the cel-
lular proteins. Krupovic and Koonin hence inferred that some 
viruses could have descended from the primordial RNA world 
and most others evolved on multiple occasions by recruiting 
diverse proteins of the host cell which later became major com-
ponents of the virion.

Viruses evolve just like cellular life. They undergo genetic re-
combination (insertion of gene fragments), genome re-assort-
ment (replacement of genetic segments from a related virus) 
and point mutations where the ‘fittest’ mutants quickly out-
number the others (54). Viral mutation rates depend upon an 
array of factors involving genome type, intrinsic polymerase 
fidelity, presence or absence of fidelity mechanisms, editing by 
deaminases encoded by hosts, other host dependent factors 
that include an unbalanced nucleotide pool or levels of reactive 
oxygen species (55). 

As the number of viruses is extremely large, it is beyond the 
scope of the current work to enumerate most of the evolution-
ary phenomena and other mechanisms observed among dis-
tinct classes of viruses. Therefore, influenza viruses are used as 
a model example to demonstrate the three mechanisms of viral 
evolution.

Influenza viruses are among the most notorious viruses when 
it comes to causing epidemics and pandemics in the history of 
the human race. Since 1510, 14 pandemics have been direct-
ly linked to influenza viruses, with the 1918 pandemic being 
the deadliest which claimed about 50 million lives worldwide 
(26,56). However, a recent re-assessment study of 1918 pan-
demic placed the number of global deaths at around 15 million 
(57).

The Influenza A virus (IAV) contains three proteins in its mem-
branes, namely, hemagglutinin (HA), neuraminidase (NA) and 
a proton channel (M2). HA helps in the binding of the virus to 

the sialic acid receptor on the host cell membrane and fusion 
of the cell membrane with the virus. The NA cleaves the sialic 
acid residues and other conjugates from the newly assembled 
virus, facilitating its spread to other cells. As HA and NA facili-
tate the binding and cleaving of viruses, they play an extremely 
crucial role in the determination of host specificity (58). There 
are 16 HA subtypes which are sorted in two major groups (59). 
Similarly, there are 9 major subtypes of NA which are sorted in 
3 groups. Two new subtypes have been recently described in 
bats for both HA and NA, i.e., H17, H18 and N10, N11 respec-
tively (60).

The best strategy for IAVs (or any other parasite) to thrive is to 
evade the immune system of the host but at the same time 
preserving its ability to interact and infect host cells. Like other 
viruses, IAVs also employ all the 3 mechanisms to evolve and 
evade the immune system (58). Point mutations that change 
the amino acids in the antigenic portions of HA and NA can pro-
vide selective advantage to the virus (e.g., by helping the virus 
to better evade the immune system) and this has been labelled 
as antigenic drift. When re-assortment occurs in genes coding 
for HA and/or NA between two or more viruses in a host cell, 
it leads to the emergence of new progeny viruses, and this is 
called antigenic shift (Figure 1) (56,61).

Antigenic drift can occur in any subtype of influenza virus, 
however it often occurs in human IAVs due to which the IAV 
vaccination has a limited effect on human population, hence 
necessitating flu shots in every flu season. As a consequence, it 
kills tens of thousands of humans and adds an economic bur-
den of USD 50 billion in the USA alone (62). If an amino acid 
substitution in HA or NA helps a virus escape the host immune 
system, it provides a fitness benefit, as a result of which, it might 
replace the circulating strain and emerge as a novel epidemic 
strain which can even lead to an epidemic or pandemic (63). It 
has been proposed that the surface proteins of influenza virus 
responsible for the 1918 pandemic drifted more rapidly which 
made it more lethal when compared to other viruses (64).

Figure 1. Antigenic shift (leading to the generation of Virus C) 
vs Antigenic drift (leading to the formation of a new strain of 
the virus).
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There are eight RNA segments in the genome of IAVs. When 
two related IAVs co-infect one host, there is a possibility of 256 
combinations for shuffling and re-assortment. When HA or NA 
or both are exchanged, antigenic shift takes place leading to 
the emergence of a new IAV altogether, which can allow the vi-
rus to spill between the species, having the potential to cause 
pandemics (56). Most IAV associated pandemics are a result of 
re-assortment including the H2N2 virus of 1957, H3N2 of 1968 
and the somewhat recent pandemic of 2009 involving the 
H1N1 virus (65). 

The 2009 pandemic comprehensively explains the kind of evo-
lution IAVs go through. The emergence of the H1N1 virus of 
2009 involved multiple re-assortment events. A triple re-assort-
ment event, involving three influenza viruses namely, ‘classical 
swine’ H1N1, ‘human seasonal’ H3N2 and North American avian 
influenza virus, led to the emergence of the North American 
‘triple reassortant’ H1N2 virus in swine, which again re-assorted 
with the ‘Eurasian-avian like’ swine H1N1 influenza virus leading 
to the generation of the 2009 H1N1 virus which spilled over to 
humans causing the pandemic (66,67).

Though a rare event, recombination in IAVs occurs by two 
mechanisms. Non-homologous recombination (occurs be-
tween two different RNA fragments) and by the extremely rare 
homologous recombination which causes template switching 
when RNA is being replicated by the polymerase (58). The A/
seal/Mass/1/80 influenza virus (H7N7) mutants contains an in-
sertion in HA genes which is 60 nucleotides long in length and 
is most probably a result of a non-homologous recombination 
event between nucleoprotein gene and the HA gene of the 
same virus. This evolutionary event led to increased pathoge-
nicity in chickens and broadened the range of host cells that 
the virus can infect (68). Although rare in influenza viruses, re-
combination is commonly encountered in natural evolution of 
poliovirus strains (69).

Viroids
Earlier propositions suggested that viroids might be introns 
that somehow escaped from the host RNAs. Such propositions 
were based on their shared similarities with the introns. The way 
viroids self-replicate resembles the process of self-splicing in in-
trons (70). Viroids like PSTVd share nucleotide sequence simi-
larities with the group I and group II introns (although the new 
bioinformatics tools put a question mark on the significance of 
this sequence similarity). Another theory suggested their pos-
sible origin from transposable elements, but the evidence is 
scarce (71,72). Moreover, many other viroids like ASBVd did not 
fit into this theory (38,73). 

There are several features that make viroids suitable as rem-
iniscent of the pre-cellular world. Their small size could have 
been a way to survive and escape their extinction due to the 
error-prone process of replication (74-77). Most of them pos-
sess GC rich sequences which is suggestive of relatively higher 
replication fidelity as GC pairs exhibit greater thermodynamic 
stability relative to AU pairs (78). 

Their circular nature aided by the rolling circle mode of repli-
cation would have ensured complete end to end replication 
without loss of genetic information. It is interesting to note that 
there are repeating units of different lengths in the viroid ge-
nome which provides structural periodicity. The presence of ri-
bozymes and lack of protein coding ability is suggestive of their 
appearance before ribosomes in an ‘RNA world’. All these char-
acteristics together with the appearance of catalytic activity (to 
catalyze cleavage and ligation) mediated by simple hairpin and 
hammerhead ribozymes would have enabled viroid replication 
in a pre-protein world (38). Most of the evidence points towards 
a monophyletic origin for the viroids and all these comparisons 
are deduced based on phylogenetic reconstructions. However, 
the possibility of viroids having a polyphyletic origin cannot 
be dismissed entirely, as members of the family Avsunviroidae 
show nucleotide base composition different from other viroids 
(38).

Virusoids
Even today our knowledge about virusoids remains limited. 
Hence, our knowledge about their origin and evolution still re-
mains somewhat elusive. One reason for this information scarci-
ty may be attributed to the low number of virusoids which have 
been discovered to date and their recent discovery relative to 
the viruses. 

One study has linked virusoids to Group 1 introns. As per this 
study (79), Group 1 introns, which are found in the genes of 
nuclear and mitochondrial rRNA and chloroplastic tRNA, have 
a 16-nucleotide consensus sequence along with three sets of 
complementary sequences. These hallmarks of group 1 introns 
are also present in virusoids (79). 

It is possible that both viroids and virusoids may have a similar 
history of origin despite being different in aspects of encapsi-
dation and dependence on HVs. Both share certain features like 
having a small nucleotide sequence of less than 400 nucleo-
tides and presence of hammerhead ribozymes. In our view, an 
elaborate mechanism for their origin cannot be predicted as of 
now, however the possibility of origin of these virusoids from 
their HVs can be out rightly rejected as most of them lack any 
nucleotide sequence similarities with their HV.

MODE of ENTRY and REPLICATION

Viruses
Most viruses have their genetic material encased in a protein 
covering which is covered by a lipid bilayer in case of enveloped 
viruses (80). Depending upon the virus type, they either fuse 
directly with the plasma membranes of the cells by receptor 
mediated fusion or are engulfed into an endosome. 

In some cases, like HIV and poliovirus, conventional under-
standing advocated for a direct penetration into the host cell 
membrane, however, development of newer techniques, like 
the use of specific drugs and siRNA, which selectively prevent-
ed virus entries through specific pathways, have challenged this 
understanding (81). For example, in the case of the poliovirus, 
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a drug (ionophore monensin) was used to dissipate the cellular 
protein gradients which suggested a pH dependent route of vi-
rus entry and challenged the traditional understanding (81,82).

In the case of enveloped viruses, the host cell surface proteins 
act as receptors for viruses. For example, viruses like SARS-CoV 
and SARS-CoV-2, have been shown to exploit the Angioten-
sin-converting enzyme 2 (ACE2) receptor (83). ACE2 is widely 
expressed in the human respiratory tract epithelium and alveo-
lar monocytes along with other locations like the venous endo-
thelium, small intestine cells and in renal tubule epithelial cells 
(83-85).

These viruses then tend to fuse their membrane with that of 
the cell. The fusion process is energy driven (as lipid membranes 
do not fuse spontaneously) and is mediated by viral envelope 
glycoproteins. Three classes of these proteins have been de-
fined according to the mechanical and structural dynamics of 
the viral fusion proteins, but the fundamental process of viral 
membrane fusion remains the same for all the classes. This pro-
cess involves the simultaneous engagement of viral and target 
membrane which is followed by hairpin formation, ultimate-
ly leading to fusion (86). The viral genome enters the cytosol 
through a fusion pore which then initiates the infection (86,87). 

In case of non-enveloped viruses like the simian virus 40 (SV40), 
the exact biophysical and molecular mechanism for cytosol 
entry is still poorly understood, however it is clear that the 
endocytic pathway plays a major role. As a result of the use of 
endocytic pathway, membranes of many cell organelles like 
Golgi and endoplasmic reticulum are also penetrated by cer-
tain non-enveloped viruses (81). Interestingly, many enveloped 
viruses like influenza viruses, the vesicular stomatitis virus and 
some others use the endocytic pathway for internalization (88).

Once inside the cell, the virus hijacks the cellular machinery. Vi-
ruses completely rely on a host’s protein synthesis machinery 
and recruit cellular ribosomes to translate viral mRNAs (89). De-
pending upon the genomic constitution of the viruses, newly 
translated structural and non-structural or catalytic proteins are 
then used in the assembly of virion and to replicate the genetic 
material of the virus (like RNA-dependent RNA polymerases or 
RdRps of RNA viruses) respectively. Viruses, depending upon 
their genomic constitution, invoke different replication mech-
anisms, like rolling circle replication, rolling hairpin replication, 
and dsDNA bidirectional replication, among others. New viral 
particles are produced with the viral genetic material which are 
now ready for a new round of infection (87,90). 

In case of viruses like bacteriophages, two types of replication 
cycles are reported—the lytic cycle and the lysogenic cycle. The 
lytic cycle involves immediate transcription, replication, and 
release of mature phage particles soon after infection of the 
bacterial cells, whereas the lysogenic cycle involves the integra-
tion of the phage genome into the bacterial genome where the 
phage survives as a prophage till it is induced by a stimulus to 
replicate and get released (91).

Few viruses have evolved this ability to integrate their genomes 
into the host genomes, which can have multiple consequenc-
es for the host cell involving oncogenesis, gene disruption, 
premature cell death and even species evolution through ge-
nome inclusions of a heritable nature. In DNA viruses like the 
Adenovirus, SV40 and others, viral genome integration is rarely 
reported, whereas it is necessary for retroviruses. Incidental in-
tegration by has been reported in the measles virus, Ebola virus, 
rabies virus and others (92). 

Viroids
After mechanical damage to the plant cell wall, viroids enter the 
host through the leaf epidermis and are transported to neigh-
boring cells (43). In some cases of an infected plant, they can en-
ter the pollen or ovule from where they get transmitted to the 
seed (93). If and when the seed germinates, it gives rise to an 
infected plant. In the case of plants infested by the members of 
the Pospiviroidae, viroid RNA is imported into the nucleus, and is 
copied by plant DNA-dependent RNA polymerase II, whereas in 
cases of plants infected by Avsunviroidae members, viroid RNA 
is imported into the chloroplast, and RNA replication is carried 
out by chloroplast DNA-dependent RNA polymerase (94).

In order to systemically infect the host, viroids show three types 
of movements. Intracellular movement is essential for import 
in nucleus or chloroplast for replication. Within the cell, viroid 
movement is independent of the cytoskeleton and seems to 
be receptor-mediated, specific to certain conserved sequences 
and/or structural motifs. After replication, the viroid exits to the 
cytoplasm and utilizes cell-to-cell movement to reach neigh-
boring cells. In order to reach the neighboring cells, viroids have 
been shown to exploit specialized connections between plant 
cells called plasmodesmata which allow them to avoid cross-
ing the plasma membrane. Long distance movement is then 
utilized to reach the vasculature (e.g., phloem) and invade the 
most distal parts of the plants (43,95). 

Viroids (Avsunviroidae) bear self-cleaving ribozyme structures in 
their RNA genomes. Viroids are not encapsidated and replicate 
via a ‘rolling-circle’ mechanism in plant hosts (96). Replication 
involves RNA-RNA transcription which is aided by host coded 
DNA-dependent RNA polymerase and are often considered as 
parasites of the subcellular transcriptional machinery in the nu-
cleus and chloroplasts in plants (43). 

The entire process of viroid replication occurs through two 
different pathways: (1) In the asymmetric pathway (family Po-
spiviroidae), the monomeric circular (+) strand is repeatedly 
transcribed into oligomeric (-) strands. These (-) strands are tran-
scribed to the oligomeric (+) strand by RNA polymerase. This is 
followed by site-specific cleavage of the (+) strand by the RNae 
III-like enzyme, to produce a linear monomer that is circularized 
by DNA ligase (97). 

(2) In the symmetric pathway (family Avsunviroidae), the oligo-
meric (-) strand, generated in the first rolling circle generated 
from the monomeric circular (+) strand, is cleaved and ligated 
in the monomeric circular (-) strand which serves as a template 
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for the second rolling circle producing the oligomeric (+) strand 
which is processed to generate monomeric (+) strands (38,97).

Virusoids
Like other satRNAs, virusoids depend upon a HV to move, trans-
mit and infect cells (6). Once inside the cell, a complex interac-
tion occurs between the virusoid, HV and the host cell for the 
virusoid’s replication. These interactions occur as a result of the 
dependence of the virusoid on the HV for replication and the 
dependence of the HV on the host cell for replication (98). Vi-
rusoids replicate in the cytoplasm of the host cell and use tran-
scription and processing machinery, which is in part encoded 
by the host cells and in part by the HV (94). Structural and se-
quence motifs in RNA are used by virusoids to signal the HV and 
host cell to replicate and encapsidate it (99). Owing to the circu-
lar genome, the rolling circle mechanism is used for RNA repli-
cation. A hammerhead self-cleavage reaction is involved in the 
production of positive and negative monomeric RNA strands as 
a part of the rolling circle mechanism (100). Once replicated, the 
HV encapsidates the virusoid ‘genome’.

The three entities show very different modes of infection. On 
one hand, where viruses utilize either endocytosis or receptor 
mediated fusion, viroids enter a host either through a damaged 
cell wall, infected pollen or through an infected ovule which be-
comes seed upon fertilization. However, the transmission from 
pollen to seeds is not observed in all the viroids (101). Utilizing 
the three different movements, viroids then infect the entire 
host. Virusoids movements are dependent upon HVs, and they 
invade the cell which is being infected by the HV. Once in the 
cytoplasm, virusoids show the ribozyme activity for replication. 
This is in contrast to viroids, which replicate either in nucleus or 
chloroplast.

DISCUSSION 

Viruses and other sub-viral particles seem to have been with 
their cellular counterparts since the very beginning. Owing to 
the discovery of viruses before other sub-viral particles and a 
relatively higher impact on humans, a lot more is known about 
them as compared to others. In-spite of this, we still do not 
have a clear mechanism for the origin of viruses. It is possible 
that different viruses originated separately by utilizing different 
strategies (as explained by the Virus-first hypothesis, Escape hy-
pothesis and Reduction hypothesis) and evolved further. It can 
also be speculated that all viruses originated through a mecha-
nism which still needs to be discovered. The presence of differ-
ent kinds of genomes and the ability to infect almost all cellular 
forms (15) point towards the intricate evolution that viruses 
must have undergone to achieve these extensive capabilities

The current case of the COVID-19 pandemic shows how muta-
tions in the genome of related viruses can have huge repercus-
sions for humanity. In spite of using the same ACE2 receptor 
(83), three different coronaviruses, i.e., HCoV-NL63, SARS-CoV 
and SARS-CoV-2 have very different infectivity and mortality 
rates. This shows that sharing common receptors by related 
viruses need not have similar outcomes. This capability would 

have been achieved through evolution at different levels which 
involves complex dynamics between primary and intermediary 
hosts as well as the environmental conditions alongside oppor-
tunistic infection probabilities. Epidemics and pandemics from 
recent history and the present show that in spite of knowing 
much about viruses, we are not fully capable of controlling pan-
demics, and hence a greater amount of support is needed for 
research as well as for the healthcare sector.

Owing to a much simpler structure of viroids than viruses, it 
is possible that they originated before viruses. There are oth-
er clues like small size, high GC content in genome and others 
which show that viroids must be an important component of a 
pre-cellular world (74). 

Virusoids totally depend upon HVs to infect cells and move 
among them, and two scenarios are possible. Either virusoids 
were always dependent on HVs and originated only after the or-
igin of viruses or it is possible that these are two independent-
ly evolved entities. It is possible that through opportunistic 
co-infection of similar cells, virusoids started depending upon 
HVs, lost their protein coding abilities and became totally de-
pendent on viruses. The latter observation is supported by the 
fact that viruses and virusoids don’t have nucleotide sequence 
homology. Furthermore, discovery of a virusoid associated with 
the rice yellow mottle virus, which codes for a 16 kDa protein, 
also supports the latter scenario (9).

Both virusoids and viroids infect plants, have similar genome 
size, both use the rolling circle mechanism for replication and 
exhibit hammerhead cleavage reaction (14,96,100). These 
properties suggest a probable relation between them which 
calls for further study. 

It is of utmost importance to understand the pathogenicity of 
viroids and virusoids better. Since there is limited to no natural 
resistance in plants against the viroid infections, it has become 
a necessity to try and develop resistant varieties of susceptible 
plants. Over the years, though scientists have achieved consid-
erable success in generating plants that show delayed occur-
rence of symptoms and the severity of the symptoms has also 
been reduced significantly (102), there is a long way to go.
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INTRODUCTION

As a rare “opportunistic” fungal disease, the black fun-
gus infection has severely impacted the post-COVID-19 
recoveries and imposed an additional burden on our 
medical and healthcare management system. Together 
with the uncertain treatment modalities at the begin-
ning of the pandemic, the indiscriminate use of a pleth-
ora of medications, including steroids and antibiotics, 
have helped drive the surging cases of black fungus-as-
sociated complications. However, the persistent low 
oxygen level in blood with high iron levels, along with 
prolonged hospitalization of COVID-19 patients under 
the aid of mechanical ventilators, are the key contribu-
tors to contracting the black fungus infection. A black 

fungus is a group of molds commonly known as mucor-
mycetes, while the resultant infection is termed mucor-
mycosis. Mucormycosis is reported to be more preva-
lent among COVID-19 patients with precedent medical 
conditions like hyperglycemia with prescribed medica-
tions, including steroids. Mucormycosis usually spreads 
through the respiratory tract, predominantly erodes 
the facial structures, causes discoloration or blackening 
over the nose, and blurred or double vision. In addition 
to these, the infected patient often exhibits chest pain, 
breathing difficulties and hemoptysis (coughing up 
blood). Although not contagious, the outcome of the 
disease is often frightful as it causes gastrointestinal 
bleeding with severe respiratory distress. Moreover, if 
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ABSTRACT

While the world is still struggling with the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection, an 
aggressive and rare fungal infection which is commonly ascribed as the black fungus has emerged as a new medical challenge 
in India. India had already experienced the devastating consequences of the COVID-19 and, being a rare “opportunistic” 
fungal infection, black fungus infection has severely complicated the post-COVID-19 recoveries. Together with the uncertain 
treatment modalities at the beginning of the pandemic, indiscriminate use of a plethora of medications has driven the surging 
cases of black fungus-associated complications. Moreover, low oxygen, high iron levels, and prolonged hospitalization with 
mechanical ventilators created a superlative condition for contracting black fungus infection. The disease mainly spreads 
through the respiratory tract and erodes facial structures. Since mucormycosis specifically attacks immunosuppressed 
patients, the disease started spreading rapidly, with an average mortality rate of 54 %. Common symptoms include blackening 
over the nose, blurred or double vision, breathing difficulties, chest pain and hemoptysis. Although not contagious, the 
outcome of the disease is often very frightful.  

 If the infection disseminates systematically, the risk of affecting the vital organs such as the spleen and heart is substantially 
high. We have tried to provide an epidemiological overview of black fungus infection in India. We focused on drawing a 
comprehensive fact check of the current situation through an immunological perspective to better understand the infection 
as a major co-infection in patients affected by COVID-19 and its impact on India's fight against the COVID-19 pandemic.
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the infection disseminates systematically, the risk of affecting 
vital organs such as the spleen and heart is substantially high. 

Considering the high population density and the high-speed 
dissemination rate of mucormycosis, we have tried to provide 
an epidemiological overview of black fungus infection in India 
in the first part of the review. In the second part, we have fo-
cused on drawing a comprehensive fact check of the current 
situation from the immunological perspectives. 

EPIDEMIOLOGICAL BACKGROUND of COVID-19

Originating from Wuhan, in Hubei province, China, the Severe 
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) virus 
has led to the global COVID-19 pandemic. However, SARS-CoV-2 
is not the first to cause a global emergency; there are six other 
variants of coronavirus that are known to have originated from 
animals. Among them, four coronaviruses are endemic in hu-
mans which include almost 10-15% of common colds. The other 
coronavirus variants, NL63 and 229E, probably originated from 
bats, whereas the sources for OC43 and HKU1 virus seem to 
be rodents (1). The Severe Acute Respiratory Syndrome (SARS) 
caused by a human coronavirus (SARS-CoV) was the first non-en-
demic coronavirus to be recognized, which was for the first time 
reported in China (November 2002) followed by Vietnam (2003) 
and attracted significant attention worldwide. However, the out-
break was in the same year, with the last cases reported in April 
2004 from China. An estimated total of 8098 cases of SARS-CoV 
positive were reported worldwide, of which 774 casualties were 
recorded (2). The subsequent report suggested that the SARS-
CoV originated from horseshoe bats and that it may be transmit-
ted to humans through some specific kind of cats. 

The next outbreak related to the SARS-CoV infection was Mid-
dle Eastern Respiratory Syndrome (MERS), first reported in Sau-
di Arabia in 2012 (3) which spread across 27 countries. Similar to 
SERS-CoV, a flu-like illness with mild to severe pneumonia and 
acute respiratory distress was found in MERS-CoV with symp-
toms varying from mild to severe pneumonia and acute respi-
ratory distress syndrome. SARS-CoV-2 resembles the wild bat 
virus more than SARS-CoV or MERS-CoV. This strongly suggests 
that it is a novel coronavirus in humans (4). SARS-CoV-2 is one 
of37 members of coronaviruses in their Coronaviridae family, 
belonging to the order Nidovirales, and it is presently a major 
cause of pandemic affecting lots of people globally (5). Cell en-
try of the virus is mediated by binding the target receptor with 
the help of spike proteins. This requires six amino acids among 
which only one of these is with SARS-CoV (6). The spike protein 
regulates viral infectivity and host range which is different from 
SARS-CoV. 

These little viruses are extremely powerful and possess unique 
mechanisms to enter into the host cells. These viruses enter the 
host cells through the angiotensin-converting enzyme 2 (ACE2) 
receptor (7), which is expressed in various human organs. These 
receptors interact with the spike protein of SARS-CoV-2. Stud-
ies suggest that SARS-CoV spike protein and R. sinicus ACE2 
might have co-evolved over time and experienced a selection 

pressure from each other, triggering the evolutionary arms race 
dynamics (8).

The first reported case of COVID-19 was in Wuhan, China, in De-
cember 2019 and the first case was reported in Kerala, India. 
During the first pandemic wave in April 2020, almost 5 million 
people in India were significantly affected, while nearly 1.57 lakh 
deaths were reported globally. However, a significant improve-
ment in the early post-first wave time led pseudo confidence to 
push us to a riskier situation, causing the second wave’s advent. 
The impact of the second wave was substantially high in both 
the number of cases and mortality, reporting many deaths (9). 

COMMON MICROBIAL CO-INFECTIONS in COVID-19

Common co-infection of the SARS-CoV-2 significantly affects 
the diagnosis, treatment, and recovery of COVID-19 and often 
worsens the disease symptoms and mortality rate. Moreover, 
co-infection can also alter the gut homeostasis of the patients 
by promoting a relative abundance of opportunistic pathogens 
and subsequently destabilizing the host immune system. Spe-
cifically, a marked reduction in the lymphocytes count, particu-
larly helper T-cells and cytotoxic T-cells due to COVID-19 infec-
tion, seems to make the individual highly exposed to secondary 
bacterial and fungal co-infections (10,11). Although not com-
mon, co-infection with other respiratory viruses such as respi-
ratory syncytial virus (RSV) and influenza virus infection were 
also reported in the recent past (12). In a contemporary study, 
it was found that around 7% of hospitalized COVID-19 patients 
and around 14% of the total ICU patients in India, were affect-
ed by bacterial co-infection (12). The two most common types 
of COVID-19 associated bacterial co-infections are caused by 
Acinetobacter baumannii and two Staphylococcus aureus strains, 
presumably due to their acquired hypervirulence and antibiotic 
resistance. The source of co-infection includes bacterial infec-
tions including Mycoplasma pneumoniae, Pseudomonas aerugi-
nosa, Haemophilus influenzae and Klebsiella pneumoniae (13,14). 

BLACK FUNGUS and COVID-19

Apart from bacterial co-infections, India has also witnessed a 
rather daunting and terrifying epidemic outbreak of mucor-
mycosis and other fungal co-infections, adding to India’s grow-
ing COVID-19 woes during the second wave. While black fun-
gus or mucormycosis is non-contagious in nature, a significant 
number of patients who at some point either suffered from 
COVID-19 or recovered from COVID-19 are found to be the tar-
get for black fungus infection. 

Hierarchical Classification of Black Fungus 
Black fungus is a disease caused by moulds known as mucormy-
cetes (15). These moulds are abundant in natural environments 
with a greater percentage in soil, specifically in soil rich in de-
caying organic matter, which includes compost piles, leaves, 
and animal dung. They may cause serious fungal infections in 
human beings, although chances of being attacked were rare in 
earlier times. To know more about this disease, we have to know 
about the types of mucormycosis. 
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Position in classification:
Black fungus has the following taxonomic position: -

Order:  Mucorales 

Family: Mucoraceae

Genus: Mucor Fresen

Mucormycosis was previouslyknown as “zygomycosis” and was 
first discovered by Friedrich Küchenmeister in 1855 (16). How-
ever, Max Carl Anton Fürbringer was the first to describe the dis-
ease in the lungs (17). In 1884, Lichtheim explained the devel-
opment of mucormycosis disease in rabbits and explained two 
species -Mucor rhizopodiformis and Mucor corymbifera, which 
later came to be known as Rhizopus and Lichtheimia. In 1943, 
the association of this disease with uncontrolled diabetes was 
reported in three cases with symptoms such as severe sinus, eye 
and brain involvement (16). 

When cases of “zygomycosis” started to be reportedin the mid-
1950sin the United States, it was thought to be a novel disease 
resulting from the extensive use of antibiotics, adrenocortico-
tropic hormone, corticotropin (ACTH) and steroids (18). Un-
til the late 20th century, the only treatment that was available 
for treating “zygomycosis” (later named as mucormycosis) was 
potassium iodide (KI). Between 1970 and 2000, Amphotericin 
B was found to be more effective for the treatment of mucor-
mycosis. 

Common Symptoms of Mucormycosis
Until recently, the black fungus was a rare fungal ailment, with 
just a few cases documented around the world. However, it has 
now become a fresh catastrophe that requires prompt atten-
tion. Because black fungus infection has such a high mortality 
rate, itis critical to be aware of and warrants early diagnosis. One 
of the key issues associated with black fungus Infections is that 
of serious cosmetic problems as it affects different sections of 
the face. This is also known as “rhino-orbital-cerebral-mucor-
mycosis” which is characterized by swelling and inflammation 
along the nasal line. In the following a brief overview of com-
mon signs are outlined:

a. Formation of Black crust around the nose: Swelling and 
black crust formation around the nasal tube are two of the 
most common symptoms of black fungus. If left untreated, 
the infection progresses to a more serious stage, resulting in 
nose mutilation and perhaps requiring surgery to repair the 
jawbone or other facial structures.

b. Swelling and inflammation on cheeks and eyes: Chronic 
swelling or inflammation around the eyes or cheeks, could 
also be signs of black fungus. As a result of black fungus in-
fection patients often exhibit numbness or inflammation 
on one side of the face with necrosis-like symptoms, which 
could also be the outcome of black fungus infection. 

c. Acute headache: Acute headaches, inflammation around 
the forehead, and redness are reported to be caused by 

black fungus when spreading to the brain. This is the most 
serious stage, where any lack of knowledge or inappropri-
ate treatment modality may result in memory loss, cogni-
tive function loss, or substantial brain injury.

d. Partial or complete loss of vision: If the black fungus tar-
gets the retinal nerves, it can cause partial or complete loss 
of vision. Any redness, irritation, or pain in one or both eyes 
are preliminary signs of such an outcome. 

 In addition, other consequences of black fungus infection 
include gastrointestinal bleeding, hemorrhage, shortness 
of breath, and even blindness. If the infection spreads inside 
the body through the blood, then it is known as dissemi-
nated black fungus (19). In such conditions, the severity of 
the disease reaches its peak, and the fungus starts to attack 
vital organs such as the heart and spleen. It can also lead to 
blood clotting in the lungs and brain, and in the worst case, 
it may affect the nervous system and cause some unpleas-
ant mental changes leading to coma (20) or even death. 

WHAT CAUSES A BLACK FUNGUS OUTBREAK IN INDIA?

Black fungus is a rising concern for South Asian countries. How-
ever, India has reported the highest number of cases of mucor-
mycosis over the last year. To date, there have been over 40,000 
cases, of which more than 3,129 people died, were reported to 
be caused by black fungus across India (21). The major concern is 
the rapid dissemination rate of mucormycosis among COVID-19 
infected patients, while a little delay, even a few hours, could 
cost the patient’s life. When searching for predisposing factors 
for the incidence of mucormycosis in COVID-19 patients, it was 
observed that (22) prolonged hospitalization with mechanical 
ventilators can create a perfect environment for mucormycosis. 
Together with early diagnosis, retaining diabetes and other as-
sociated health issues in check, treating patients with specific in-
travenous antifungal medications can control the dissemination 
of the infection. Moreover, along with wearing masks and using 
sanitizers, maintenance of hygiene, if added to the already exist-
ing treatment modalities, the better management of COVID-19 
associated complications can be avoided. In the following, a 
comprehensive discussion is presented on how COVID-19 is as-
sociated with an increase in the risk of black fungus. 

HAS COVID-19 INCREASED THE RISK OF BLACK FUNGUS?

Despite its best efforts, India is still at risk in terms of vaccinat-
ing such a huge population and has inadequate health care 
systems for saving thousands of people from the impending 
threat of a future outbreak of COVID-19 and associated illness. 
The black fungus outbreak as a post COVID-19complication has 
compelled us to realize that “misfortune never comes alone”. 
Keeping in mind that (19) with an average mortality rate of 54%, 
black fungus infection in COVID-19 recovered patients is indeed 
alarming. The association of a black fungus and COVID-19 infec-
tion is illustrated in Figure 1, explaining why covid patients may 
get mucormycosis. Steroids are considered a good drug for crit-
ically ill COVID-19 patients, particularly in reducing inflamma-
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tion in the lungs. Steroids are primarily used to suppress further 
tissue damage caused by one’s immune system when it goes 
into overdrive response to fight against infections and can be 
used to control cytokine storms (23). However, while applying 
steroids, the other factors must be taken into account, particu-
larly while treating high blood sugar conditions in both diabet-
ics and non-diabetic COVID-19 patients. Since mucormycosis 
normally affects persons with an immunocompromised state, 
patients who have already recovered from COVID-19 are falling 
prey to such attacks by black fungus. 

Types of mucormycosis
Mucormycosis can be classified as per the following types (24, 
25)

a. Rhinocerebral mucormycosis: Rhinocerebral mucormyco-
sis is also known as zygomycosis, is an infection which affects 
the nose, paranasal sinuses and can even spread to the brain 
(26). This type of mucormycosis is common in people with 
uncontrolled diabetes and in people who have undergone 
a kidney transplant. The infection starts in the nasal cavity 
at first and spreads towards the adjoined paranasal sinuses. 
Subsequently, implantation occurs in that area and grows at 
a faster rate in the sinuses and nasal cavity. The moist and 
humid environment inside the nasal cavity and paranasal 
sinuses are known to favor the growth and invasion of fungi. 

 Angioinvasion is another way through which the infection 
can reach the brain. In this case, the progression is very rap-

id and has a unique model of pathogenesis. Rhino cerebral 
mucormycosis symptoms include black lesions on the upper 
inside of the buccal cavity with induction of mild to severe 
fever. More serious consequences in the form of brain in-
farction, hematoma and orbital apex syndrome are not rare 
(27). Since vascular invasion is an important characteristic of 
this type of infection, the formation of intravascular throm-
bi often leads to infarction of the brain and ischemia (28). In 
some cases, if the aneurysmal blood vessels are ruptured, 
it may lead to hematoma along with intracerebral hemor-
rhages. Rhinocerebral mucormycosis also results in Menin-
gitis which is a rare manifestation of this infection (27). The 
involvement of brain tissue leads to the formation of brain 
abscesses, especially in chronic cases (29). Brain abscess 
formation in such cases may be caused by some secondary 
bacterial infection (30). This infection may also affect the 
unilateral cranial nerves and cause hemiplegia (31). Mostly 
such outcome is mediated through the growth of mycelium 
along the invasion of leptomeningeal blood vessels (32). 
Diagnosis at an early stage, followed by proper treatment 
and surgical removal, if required, may help to save lives, and 
avoid permanent neurological complications. 

b. Pulmonary mucormycosis: Pulmonary mucormycosis 
mostly attacks the lungs of individuals affected with black 
fungus. This is the most common type of mucormycosis in 
people who have had a stem cell transplant or an organ 
transplant which also includes cancer patients (33).  Pul-

Figure 1. Illustration depicting the mechanism of attack of black fungus.

Steroids are used for the treatment of critically ill covid patients. As a result of this, the sugar level increases manifold in both diabetic 
and non-diabetic patients along with the suppression of immunity of those patients. The opportunistic fungus called black fungus 
releases its spores which if inhaled causes black coloration over the face.
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monary mucormycosis may develop due to inhalation of 
spores or lymphatic and hematogenous spread. The path-
way of entry for Mucorales is primarily the respiratory tract 
where the fungi easily invade veins, arteries, and lymphatics 
and results in infarction and thrombosis which can be fatal 
(34). Patients suffering from haematological malignancies, 
diabetes mellitus, or who have received organ transplants 
and hematopoietic stem cell transplants are prone to inva-
sive mucormycosis. The patients on corticosteroid-based 
therapy, chelation therapy and neonatal prematurity can be 
other reasons for infection. In addition, in low-income coun-
tries like India, malnutrition is a major issue that can play a 
vital role in acquiring mucormycosis infection (35). Angioin-
vasion and sometimes direct tissue injury of the respiratory 
tract, are some of the consequences of this infection which 
may even extend from the lungs into the great vessels (36). 
Clinical symptoms of the infection may include some non-
specific symptoms like fever, chest pain and dyspnea (37, 
38). 

 In a large experimental set-up, whereof 929 cases of zygo-
mycosis were reviewed, the overall mortality rate was found 
to be 44% in the diabetic patients with zygomycosis where-
as there was a 76% mortality rate in the case of pulmonary 
zygomycosis patients. The most common species responsi-
ble for zygomycosis is Rhizopus (39). 

c. Gastrointestinal mucormycosis: Gastrointestinal mucor-
mycosis mostly affects the stomach and intestine and is 
highly prevalent among newborns, especially premature 
infants who are less than 1 month of age (40). There was a 
prevalence of gastrointestinal mucormycosis in industrial-
ized nations. However, during the last few years, the num-
ber of cases of gastric and gastrointestinal mucormycosis 
has increased around the globe (41). Other rare causes of 
gastrointestinal mucormycosis were seen in immunocom-
promised patients who were suffering from AIDS, system-
ic lupus erythematosus and who had undergone organ 
transplantation (42). Some patients were seen to suffer 
from hepatic mucormycosis suggested an association with 
ingestion of herbal medications (43). A study was conduct-
ed by Morton and colleagues and they found a substantial 
increase in this infection in the 21st century (44). Recently, 
an outbreak of gastric mucormycosis occurred due to con-
tamination of wooden applicators that had beenused to 
mix drugs for patients with nasogastric feeding tubes (45). 
These patients suffered from massive gastric bleeds. 

d. Cutaneous mucormycosis: This type of infection primarily 
affects the skin, especially in cases of skin trauma or surgery. 
This is one of the most common types of mucormycosis 
which occurs even in people with an immunocompromis-
ing history (46). Cutaneous mucormycosis is comparatively 
a new emerging fungal infection that is caused by fungi be-
longing to the phylum Glomeromycota. The clinical presen-
tation is usually nonspecific, but a rapidly evolving necrosis 
indicates the presence of this infection. In view of the occur-

rence of cutaneous mucormycosis, the strains that are most 
frequently isolated are Rhizopus oryzae, Apophysomyces 
elegans and Lichtheimia corymbifera (47) Other isolates re-
ported to be responsible are Saksenaea vasiformis, Mucor sp, 
Cunninghamella bertholletiae, Rhizopus microspores and Rhi-
zomucor spp. (48). Reports are available to indicate that this 
type of fungus is associated with nitroglycerine patches and 
vascular devices (49). In a review that was done of 196 cases 
of healthcare-associated mucormycosis, it was found that 
57% involved the skin. Among them, a predominant num-
ber of the population included surgical patients, premature 
infants and immunocompromised hosts (50). Cutaneous 
mucormycosis is classified into two types- primary and sec-
ondary type infection. In the primary type of disease, the 
skin is often infected by direct inoculation and in the sec-
ondary form, the infection is caused by dissemination from 
other locations. According to the pattern of infection, it can 
be categorized as localized, deep or disseminated. In a re-
view that was conducted with 929 cases, 176 patients were 
found with skin involvement. The most affected areas of the 
skin due to this infection are the arms and legs (51). Other 
locations for spreading include the scalp, breast, neck and 
gluteal area, face, thorax, back, abdomen and perineum 
(52).

e. Disseminated mucormycosis: It is a type of infection that 
spreads via the bloodstream to affect other parts of the 
body. The infection commonly affects the brain. It also can 
affect other organs such as the heart, skin and spleen (53). 
Mucormycosis is a rapidly spreading infection that is as-
sociated with extensive angioinvasion, thrombosis, tissue 
infarction and necrosis (54). In worse cases, it leads to hae-
matogenous dissemination of the fungi (55). Dissemination 
may occur in up to 40% of patients who are suffering from 
haematological malignancies (56). In a review about chil-
dren, it was found that dissemination increases the risk of 
death sevenfold (57). Patients with disseminated infection 
in the brain can even develop stress or coma in worse cases. 

HOW COMMON IS MUCORMYCOSIS? 

Mucormycosis is actually a very rare infectious disease. In 1992–
1993, a population-based study was performed which sug-
gested a yearly rate of 1.7 cases per 1 million population were 
affected by black fungus (47). Prospective surveillance among 
16,808 transplant recipients was performed during 2001–2006 
and it was found that, in stem cell transplant recipients, mucor-
mycosis was the third most common type of invasive fungal 
infection. It accounted for 8% of all invasive fungal infections 
(54). Moreover, it was also observed in the case of solid organ 
transplant recipients, that mucormycosis accounted for near-
ly 2% of all invasive fungal infections (28 mucormycetes cases 
among 1,208 solid organ transplant recipients who developed 
any fungal infection) (58). Although mucormycosis outbreaks 
on a global scale have not been reported yet, the risk of a mu-
cormycosis endemic through healthcare-associated systems 
cannot be overruled. The risk of black fungus spread through 
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improper disposal adhesive bandages, wooden tongue depres-
sors, and hospital linens is potentially high. Pathogen transmis-
sion in health care establishments via negative pressure rooms, 
water leakage, poor air filtration, non-sterile medical devices 
and hospital building construction are also found to be equally 
responsible (59, 60).

ORGAN WISE PATHOGENICITY OF BLACK FUNGUS INFEC-
TION

Exposure to mucor is commonly associated with mould infesta-
tion of soil, plants, manure, and decaying vegetation. It usually 
spreads through the respiratory tract and erodes facial struc-
tures and in severe cases, surgical removal of the eye becomes 
necessary to prevent  the  fungus  from spreading to  the brain. 
The ethmoid sinus has proved to be a vital route of infection be-
cause mucormycosis can invade through the thin lamina papyr-
acea and then eventually gain access to the orbit. The infection 
in some cases may extend posteriorly to the orbital apex, which 
ultimately leads to orbital apex syndrome. The optic nerve af-
fected due to this infection results in loss of vision involving 
superior orbital fissure as well as the cranial nerves III, IV, and 
VI, and branches of V1 and V2. This altogether causes ophthal-
moplegia, diplopia, and sensory loss to the areas corresponding 
to the cornea and face. If the infection spreads posteriorly and 
gains access to the cavernous sinus and the brain parenchyma, 
vascular thrombosis and infarction in the posterior part can also 
be noticed. 

THE EPIDEMIOLOGICAL PERSPECTIVE OF BLACK FUNGUS

In India, an estimated 0.14 mucormycosis cases were recorded 
per 1000 population as per a recent report (61). Organ trans-
plantation, diabetes and blood cancers are also common un-
derlying problems in many developed countries (61). Even be-
fore the COVID-19 pandemic, the mucormycosis incidence in 
India was estimated to be around 70 times more than the rest 
of the world (62). In fact, the rapidly growing number of cases 
of mucormycosis in some parts of India declared it to be an epi-
demic. The mortality rate for black fungus is close to 54% which 
is much greater than the ongoing pandemic of COVID-19. The 
mortality rate of patients suffering from various types of mucor-
mycosis is given below in Figure 2. The mortality rate varies with 
the type of fungus that has attacked or even with the present 
condition of the patient as well as the site of infection (52). 

HOST IMMUNE RESPONSE AGAINST BLACK FUNGUS 

Exposure to fungi by inhalation, digestion, and even by trau-
matic inoculation of pathogens or allergens causes fungal in-
fection in our everyday life. However, antifungal host defense 
protects the host either by killing the pathogen or restricting 
further spread in a coordinated way via both innate and adap-
tive  immune  responses. However, some Pathogenic  fungi, in-
cluding black fungus, use multiple strategies to subvert or ex-
ploit the host immune defense and successfully colonize and 
spread further. The immune evasion of black fungus is schemat-
ically represented in Figure 3. 

Fungal recognition and immune activation
The cell wall of the fungi is composed of polysaccharides and 
lipid moieties to activate innate immune responses via binding 
to Toll-like receptor 4 (TLR4) expressed by major antigen-pre-
senting cells (64). Like other prokaryotic cells, the fungal cell 
wall lies to the exterior of the plasma membrane and is ar-
ranged in bi-layers - the innermost layer consists of chitin. It 

Figure 2. Representation of mortality rate of patients affected 
by mucormycosis.

The data for the graph was taken from a trusted journal (63). It 
represents the mortality rate of patients with respect to the type 
of mucormycosis infection.

Figure 3. Host cell immune response pathway against fungal 
infection.

This is a schematic representation of the host immune response 
pathway via CARD9 molecule. When the glucans from the fun-
gal cell wall bind to DEctin-1 receptor then a series of reactions 
are initiated leading to NF-kB localization which ultimately re-
sults in release of cytokines that inhibit and destroy the fungal 
cells.
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also consists of the adjacent layer that lies on the external side 
which is formed by β-(1,6) glucans and immunoreactive β-(1,3) 
(65). While entering the host cells, fungal cells bind to soluble 
pattern recognition receptors (PRRs). Subsequently, these in-
teractions facilitate signalling responses by membrane-bound 
receptors to activate the antifungal effector response (66). The 
C-type lectin receptor (CLR) dectin-1 binds β-glucans from the 
fungi. The binding of β-Glucan displaces regulatory phospha-
tases such as CD45 and CD148 (67) and induces SRC-depen-
dent phosphorylation of the intracellular ITAM-like motif while 
recruiting the SHP-2 phosphatase (68). The SYK docks to this 
scaffold and then transduce signals through a family of Guanine 
nucleotide exchange factors (GEFs) (69) to CARD9, to activate 
the NF-κB pathway via the subunits p65 and c-REL (70). Thus, 
CARD9 is considered very important for activating antifungal 
immune responses.

Alternatively, Dectin-1 also plays an important role in innate im-
munity activation primarily by triggering Th17 differentiation. 
IL-17 produced by Innate lymphoid, Th17 and γδ T cells at the 
mucosal surfaces is critical for antifungal immunity. In addition, 
other Dectin-1 dependent cytokines, such as IL-6, IL-23, IL-1β 
and TNF (71) are expressed following fungal infection. Neutro-
phils rapidly direct the production of reactive oxygen species 
(ROS) to the fungal phagosome (72). Fungal invasion of endo-
thelial and epithelial cells promotes disease dissemination and 
tissue damage. In mucormycosis, the endothelial receptor glu-
cose-regulated protein 78 (GRP78) enables the fungal hyphae to 
bind to endothelial cells (73) via spore coat protein surface pro-
teins (CotH). Often metabolic changes associated with diabetic 
ketoacidosis (DKA) and hyperglycemia enhance the endothelial 
GRP78 expression and results in tissue invasion in the fungi (74).

COVID-19 ASSOCIATED MUCORMYCOSIS: WHY IT IS MORE 
IMPORTANT THAN OTHER FUNGAL DISEASES

Low oxygen, diabetes, high iron levels, and immunosuppression 
are predisposing conditions that make the COVID-19 affected 
person more vulnerable to black fungus infection. Various other 
factors, including prolonged hospitalization under mechanical 

ventilation, can create an ideal milieu for contracting mucormy-
cosis. Similar to cryptococcosis or oral candidiasis (oral thrush) 
in HIV-infected patients, COVID-19 patients are also vulnerable 
to opportunistic pathogens such as black fungus which sug-
gests some similarity between SARS-COV-2 and HIV infection 
where the patient’s immunity is compromised (75). In contrast, 
since opportunistic infections breach the host defenses due 
to weakened host immunity (76), any viral attack that doesn’t 
weaken the immune system won’t attract further attacks by op-
portunistic fungi such as the influenza virus. 

HOST SUSCEPTIBILITY TO MUCORMYCOSIS

For the current scenario, in the following section, we discuss the 
predisposing factor that makes the COVID-19 patient more vul-
nerable to black fungus infection: 

A pre-existing condition such as diabetes, specifically diabetic 
ketoacidosis, organ transplant, and Cancer. Injection drug use, 
excessive iron in the body (commonly known as hemochroma-
tosis), skin injury which may occur as a result of surgery, burns, 
or wounds and prematurity due to low birthweight, stem cell 
transplant, long-term corticosteroid use and low number of 
white blood cells and neutropenia (77).

MUCORMYCOSIS: A THERAPEUTIC CHALLENGE/TREAT-
MENT OPTIONS

The ray of hope for us to battle this dangerous disease is our 
dedicated doctors and researchers who have put all their efforts 
into identifying a suitable drug of choice. If treatment is initiat-
ed in a timely manner, it reduces the mortality rate. Treatment 
of Mucormycosis involves a combination of surgical removal 
and antifungal therapy. The appropriate treatment and medica-
tions suggested are as follows (Table 1).

This treatment protocol has to be followed until clinical signs 
of infection are resolved with the elimination of predisposing 
risk factors such as hyperglycemia, immunosuppression etc. 
For the treatment of mucormycosis, it is vital to understand 
the mechanism of drug action for mucormycosis. Amphoter-

Table 1. Treatment modalities.

1. Amphotericin B deoxycholate (D-AmB)- should be given for 1.0-1.5 mg/kg/day 

2. Liposomal amphotericin B (L-AmB) is the preferred treatment- 5- 10mg/kg/day that has to be continued till an 
appropriate response is achieved and the disease reachesa stabilized condition. It may even take several weeks, following 
which,step down to oral Posaconazole of 300 mg dose del tablets twice a day for 1 day which is then followed by 300 mg 
daily or Isavuconazole of 200 mg 1 tablet 3 times daily for 2 days followed by 200 mg dose of a tablet daily would be a 
good drug of choice.

3. Injection of Amphotericin B Lipid Complex may also be given as a drug of choice for - 5mg/kg/day 

4. We need to reduce the dose of steroids if the patient is still taking it and discontinue it rapidly. 

5. Discontinue other immunomodulating drugs. The earlier the Surgical debridement is performed, the better, is pivotal in 
the management of mucormycosis. 

6. Surgical debridement involves an extensive process to remove all necrotic material 

7. Exenteration of eye can be performed if there is involvement of the eyes 

8. Immediate management has to be done to control diabetes & diabetic ketoacidosis. 
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icin B is currently considered the best drug of choice for the 
treatment of mucormycosis. The mechanism of drug action 
is given in Figure 4. Along with traditional antifungal agents 
and surgery methods, some other therapies include reversing 
immunosuppression and correcting metabolic deficits and 
involve strategies of immune augmentation for controlling 
mucormycosis beneficially (78). Some popular adjunctive 
therapies include immunomodulation strategies, iron chela-
tion and hyperbaric oxygen (79). Hyperbaric oxygen is known 
to be an effective treatment for diabetic patients who have 
rhino cerebral or severe cutaneous mucormycosis (80). High 
concentrations of oxygen may also improve wound healing 
by releasing enhanced tissue growth factors (81). Other tech-
niques, such as immune augmentation strategies, which in-
clude interferon-γ and granulocyte colony-stimulating factor 
(G-CSF), have been stated as adjunctive therapies for improv-
ing host response (82). 

FUTURE PERSPECTIVE 

Although fungi evolved 400 million years ago and played an 
important role on Earth, some of them have evolved to be-
come pathogenic (83). The great Irish famine of 1845 that af-
fected millions of people resulted from the fungus Phytoph-

thora infestans, which wiped out the country’s staple potato 
crop. Although fungal diseases are common among plants, 
only a tiny fraction of them tends to attack humans and ani-
mals. However, our immune system gets compromised due to 
other illnesses, and fungi, which are otherwise harmless, im-
mediately take advantage to invade the hosts (84). This oppor-
tunistic nature of fungi has often hindered COVID-19 recov-
ery of affected patients and makes them more vulnerable to 
several other secondary bacterial and fungal infections. There 
are three main ways humans can contract fungal infection: in-
haling spores, swallowing fungal spores in food or medicines, 
or when spores contaminate wounds. Specifically, in the case 
of black fungus, mucor spores, when they attack the sinuses, 
spread to the lungs and brain, and then finally affect the cen-
tral nervous system. Though many other secondary bacterial 
and fungal infections may attack Covid patients, the black fun-
gus remains a fatal fungal infection. Although mucormycosis 
is not contagious, it spreads from fungal spores circulating in 
the air or the environment, hence, it is almost impossible to 
avoid. However, in addition to maintaining personal hygiene, 
basic precautions such as avoiding contact with soil, moss, and 
dusty construction sites along with wearing shoes, long trou-
sers, and long-sleeved shirts while doing professional activi-

Figure 4. Mechanism of drug of choice.

We can see 2 pathways through which Amphotericin B can damage the fungal cell. In the pathway marked in Figure 4.1. we can see that 
Amphotericin B interacts hydrophobically with the ergosterol present in the fungal cell membrane and leads to the formation of pores. 
As soon as it forms pores, the molecules inside the fungal cell start to leak out through the pores. Figure 4.1. also demonstrates that 
Amphotericin B leads to Reactive Oxygen Species accumulation which leads to oxidative burst ultimately resulting in mitochondrial 
damage and DNA damage. In the pathway marked in Figure 4.2., it is demonstrated that Amphotericin B molecules bind to the toll-like 
receptors, specifically TLR-2, TLR-4 and CD-14 on the fungal cell membrane. The adapter protein or MyD88 gets activated and helps to 
translocate NF-KB to the nucleus which leads to cytokine release in the end step. Cytokines modulates the fungal cell immunologically 
and help in damaging the cell. 
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ties may provide us with enough protection to stop us getting 
affected by black fungus (85). Regular steam inhalation and 
maintaining nasal and oral hygiene also contribute to avoid-
ing infections, especially from those suffering from COVID-19. 
Patients, especially those with diabetes or taking steroids be-
cause of COVID-19 or any condition that affects the immune 
system, need to control high blood sugar levels, and regular-
ly monitor blood sugar levels. Other preventive measures to 
be followed are to regularly clean and replace humidifiers for 
those using oxygen concentrators and to change masks daily. 
Further progress in research and exploring novel methods of 
diagnosis and antifungal treatment modality should continue 
for better therapeutic and preventive measures against black 
fungus (86).

CONCLUSION

Educating patients about the symptoms will act as a very help-
ful armament in the early detection of the condition. Although 
it is a life-threatening disease, we shouldn’t lose hope as early 
diagnosis and rigorous treatment may control the situation to a 
great extent. Liposomal amphotericin B is the best quality anti-
fungal to be used for the treatment of this infection. 

In this review article, we have mainly tried to highlight all the 
necessary points we all need to know about this deadly dis-
ease. Our main aim through this article is to create awareness 
among people instead of creating panic. We all need to under-
stand that while biological systems are definitely unpredict-
able, we can prevent them by taking a few simple precautions 
and that is true for both covid and black fungus infections. 
Let’s try to win this evolutionary arms race by bravely fighting 
this battle with covid and the deadly fungal disease “The black 
fungus”. 
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INTRODUCTION

The soilborne genus Fusarium involves a high num-
ber of phytopathogenic fungal species that are able 
to cause diseases by infecting agriculturally important 
crops including cereals, tobacco, bananas, and car-
nations, and can also induce health issues in humans 
and animals through their mycotoxins (1-5). Fusarium 

species are responsible for various dominant diseases 
on plants including Fusarium head blight (FHB), crown 
root (CR), or Fusarium wilt via the involvement of dif-
ferent organs like roots, flowers, and spikes in cereal 
crops. F. graminearum and F. culmorum are prevalent 
species causing FHB and CR diseases worldwide as well 
as in Turkey (6-9). Fusarium spp. are widely distributed 
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ABSTRACT

Objective: Fusarium spp. cause Fusarium head blight (FHB) and crown rot (CR) diseases. They also have harmful effects on 
animal and human health through their mycotoxins. Within the scope of this study, F. graminearum and F. culmorum isolates 
were purified from wheat ears and stalks contaminated with phytopathogens, which had been collected from various regions 
of Turkey, were identified and characterized by conventional and molecular methods.

Materials and Methods: Sixty-eight Fusarium samples were isolated by single spore analysis and classified according to their 
macroconidia shape and size. Morphologically characterized samples were verified by amplification of SCAR markers. Their 
mating types (MAT) and chemotypes were also determined through polymerase chain reaction (PCR).

Results: Thirty-eight F. graminearum and 30 F. culmorum isolates were identified via amplification of UBC85 and OPT18 
SCAR markers, respectively. All isolates were determined as trichothecene producers by amplification of the tri5 gene. All F. 
graminarum isolates carry both MAT-1 and MAT-2 loci, whereas 7 of F. culmorum isolates were also determined as MAT-1 and 
23 of them as MAT-2 mating types. Deoxynivalenol production capacity of all isolates was identified by tri13 amplification for 
chemotype determination. 

Conclusion: Routine monitoring of phytopathogens and their mycotoxin levels is a requirement since their annual levels may 
vary depending on environmental factors. This work provides knowledge about the distribution of Fusarium spp. leading to 
FHB and CR in different regions of Turkey between 2010 and 2020. Also, their chemotypes were demonstrated. Our studies 
will contribute to disease profiling and it is the first step in disease management.
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in soil, aerial plant parts, plant debris, and other organic sub-
strates and the causal agents may vary from one agro-ecolog-
ical region to another (10-12). They are able to produce vari-
ous mycotoxins at one and the same time. The best known of 
these endotoxins are trichothecenes, fumonisins, zearalenone, 
and gibberellic acids. The trichothecenes are divided into four 
types (A-D) in terms of their additional radical groups onto 
the heterocyclic core skeleton (13). Deoxynivalenol (DON), ni-
valenol (NIV), diacetoxyscirpenol, T-2 toxin, and NX-2 are the 
most studied and well-known trichothecene mycotoxins (14-
17). Their toxicity arises from their effects on different cellu-
lar mechanisms. Trichothecenes are responsible for oxidative 
stress-mediated DNA damage, induction of apoptosis through 
mitochondria-mediated or -independent pathways, and inhi-
bition of protein synthesis by inhibiting the peptidyl transfer-
ase activity via binding to the large ribosomal subunit (60S) of 
eukaryotic cells. Therefore, mycotoxin accumulation as a result 
of the consumption of contaminated plants and animal prod-
ucts as food leads to potentially severe health problems in 
humans (18,19). Besides the health concerns based on toxico-
ses, Fusarium spp.-based diseases have both economic effects 
on agricultural areas and a remarkable number of risks for the 
vegetation. By considering all these risks, chemotyping, carried 
out by chemical profile determination of distinct mycotoxins, 
which are represented by a family or group of related prelimi-
nary compounds, is a requirement for the detection of effective 
methods to cope with the diseases directly caused by patho-
gens and toxication on animals or humans caused by its natural 
metabolites. It also has great importance in the characterization 
of phytopathogenic fungi (20,21). 

The fundamental step in the taxonomy of any fungal species 
is morphological characterization. The classification of closely 
related Fusarium species is carried out according to the 
distinction of asexual spore types; macroconidia, microconidia 
and chlamydospores. Remarkable expertise in morphological 
analyses in Fusarium taxonomy is required. Some Fusarium 
species consist of very closely related members. Because 

differences among them are unclear, they are mentioned 
as members of the species complex (22). Therefore, the 
classification of a species complex based on morphological 
analyses is insufficient for taxonomic characterization. 
Hence, molecular approaches along with morphological 
characterization are effectively used in this field, as they 
provide rapid access to delicate and accurate findings for the 
identification of species. The amplification of a targeted definite 
genomic region also known as genotyping, nucleic acid 
sequencing both any specific regions or the whole genome and 
chemotyping carried out by using DNA amplification methods 
or chromatographic-based methods are efficiently used for 
classification and characterization of Fusarium species (2,21,23). 

In the current study, a total of 68 isolates belonging to Fusarium 
species collected from infected cereal plants were identified 
and characterized based on conventional and molecular 
approaches. After the classification of the fungal isolates was 
carried out according to their macroconidia types, genus and 
species identifications were performed by using molecular 
assays. Also, their mating types (MAT) and chemotypes were 
determined through amplification methods.

MATERIALS AND METHODS

Single Spore Isolation and Growth Conditions
Wheat ears and stalks with FHB and CR symptoms were col-
lected from different agricultural regions of Turkey (Çanakkale, 
Balıkesir, Tekirdağ, Amasya) between 2010 and 2020 (Figure 1). 
Thirty-eight F. graminearum (Table 1) and 30 F. culmorum (Ta-
ble 2) samples included for analysis were isolated by the sin-
gle spore isolation technique (24). After plant samples were 
treated with 15% NaOCl for 3 minutes, surface sterilization was 
completed by washing with sterile distilled water three times. 
Explants, which were dehumidified on blotting paper, were 
transferred to potato dextrose agar (PDA) medium (4 g/L potato 
extract, 20 g/L dextrose, 15 g/L agar) and incubated for 3 days 
at 25±2°C with 60% humidity. After incubation, 0.25 cm2 diam-
eter plates taken from in vitro fungal cultures were suspended 

Figure 1. The isolates used in the study were obtained from where marked on the map.
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Table 1. The list of Fusarium graminearum isolates originated from infected wheat ears and stalks. Their agroecological 
distributions, mating types and chemotypes.

Species Isolate Region/ Year
Mating Type DON  

ChemotypeMAT-1 MAT-2

F.
 g

ra
m

in
ea

ru
m

Fg19W1 Amasya (2019) + + +

Fg19W2 Amasya (2019) + + +

Fg19W3 Amasya (2019) + + +

Fg19W4 Amasya (2019) + + +

Fg19W5 Amasya (2019) + + +

Fg19W6 Amasya (2019) + + +

Fg19W7 Amasya (2019) + + +

Fg19W8 Amasya (2019) + + +

Fg19W9 Amasya (2019) + + +

Fg19W10 Amasya (2019) + + +

Fg19W11 Amasya (2019) + + +

Fg19W12 Amasya (2019) + + +

Fg19W13 Amasya (2019) + + +

Fg19W14 Amasya (2019) + + +

Fg19W15 Amasya (2019) + + +

Fg19W16 Amasya (2019) + + +

Fg19W17 Amasya (2019) + + +

Fg19W18 Amasya (2019) + + +

Fg19W19 Amasya (2019) + + +

Fg19W20 Amasya (2019) + + +

Fg19W21 Amasya (2019) + + +

Fg19W22 Amasya (2019) + + +

Fg19W23 Amasya (2019) + + +

Fg19W24 Amasya (2019) + + +

Fg19W25 Amasya (2019) + + +

Fg19W26 Amasya (2019) + + +

Fg19W27 Amasya (2019) + + +

Fg20W28 Amasya (2020) + + +

Fg20W29 Amasya (2020) + + +

Fg20W30 Amasya (2020) + + +

Fg20W31 Amasya (2020) + + +

Fg20W32 Amasya (2020) + + +

Fg20W33 Amasya (2020) + + +

Fg20W34 Amasya (2020) + + +

Fg20W35 Amasya (2020) + + +

Fg20W36 Amasya (2020) + + +

Fg20W37 Amasya (2020) + + +

Fg20W38 Amasya (2020) + + +
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in 1 mL of phosphate buffered saline. Forty microliters of the 
suspension was transferred to water-agar (WA) for 16 hours un-
der the same conditions, explained above. Single spores were 
selected and transferred to PDA medium for a 7-day incubation 
with the same environmental conditions above and pure cul-
tures were obtained.

Species Description Based on Morphological Characters
Species identification of isolates was carried out in vitro cultures 
grown on PDA medium from a single spore according to 

their macroconidia structures under the light microscope by 
following the characteristics explained below (16). Macroconidia 
of F. graminearum are relatively rare in vitro cultures while 
sporodochia are abundant. The macroconidium is medium 
length and thick-walled. Its ventral surface is moderately curved 
to straight while the dorsal side is neatly arched. Macroconidia 
of F. culmorum are uniform in shape and size. Their sporodochia 
are abundant. The macroconidium is relatively short, and thick-
walled. Its midpoint is wide. The dorsal side is somewhat curved, 

Table 2. The list of Fusarium culmorum isolates originated from infected wheat ears and stalks. Their agroecological distributions, 
mating types and chemotypes.

Species Isolate Region/ Year
Mating Type DON  

ChemotypeMAT-1 MAT-2

F.
 c

ul
m

or
um

CM61 Çanakkale (2014) + - +

BB7 Balıkesir (2014) - + +

BB18 Balıkesir (2014) - + +

BG14 Balıkesir (2014) - + +

BH149 Çanakkale (2010) - + +

BH192 Tekirdağ (2010) + - +

BBR15 Balıkesir (2014) - + +

BBR16 Balıkesir (2014) + - +

BBR7 Balıkesir (2014) - + +

BBR8 Balıkesir (2014) - + +

D823 Çanakkale (2010) - + +

C606 Çanakkale (2010) + - +

L901 Balıkesir (2010) - + +

CE291 Çanakkale (2014) - + +

CE293 Çanakkale (2014) - + +

CB205 Çanakkale (2014) + - +

M211 Balıkesir (2010) - + +

M213 Balıkesir (2010) - + +

M214 Balıkesir (2010) - + +

TK309 Tekirdağ (2014) - + +

N201b Balıkesir (2010) - + +

TC13 Tekirdağ (2014) - + +

BH226 Çanakkale (2010) - + +

TY13 Tekirdağ (2014) - + +

TY21 Tekirdağ (2014) - + +

TY82 Tekirdağ (2014) - + +

CA202 Çanakkale (2014) - + +

D815 Çanakkale (2010) + - +

CB206 Çanakkale (2014) + - +

TC14 Tekirdağ (2014) - + +



111

Eur J Biol 2022; 81(1): 107-116
Yuksektepe et al. Fusarium spp. from Anatolia to in vitro Cultures

but the ventral is nearly straight. It is quite wide in comparison 
to its size. 

Genomic DNA (gDNA) Isolation and Analysis
In this study, gDNAs were extracted from 40 mg mycelium for 
each sample by using Nucleospin Tissue, Mini Kit for DNA from 
Cells and Tissue (Macherey-Nagel™, Germany) with the manu-
facturer’s instructions. The quality and quantity of gDNAs were 
spectrophotometrically determined by using NanoDrop™ 2000 
(Thermo Fisher Scientific, USA). Also, their integrity was con-
trolled by agarose gel electrophoresis conducted at 65V for 60 
min. Amplicons were visualized under a UV transilluminator 
(Avegene X-Lite 200). 

Classification of Isolates by Using Polymerase Chain Reac-
tion (PCR)
Classification of all isolates at species level, identification of their 
mating types and chemotypes were determined by using PCR. 
The Tox 5-1/2 primer set (Table 3) was used for the classification of 
the Fusarium genus. Species-level determination was performed 
with two different sets. The UBC85F/R and OPT18F/R primer pairs 
(Table 3) were used for the identification of F. graminearum and 
F. culmorum isolates, respectively. Amplification reactions were 
carried out in a volume of 25 μL containing; 50 ng gDNA, 1×PCR 
buffer, 2.5 mM MgCl2, 10 pmol for each primer, 0.4 mM for dNTP 
mix and 1 U Taq DNA polymerase (Thermo Fisher Scientific, 
Germany) under conditions at 94°C for 5 min as predenaturation 
and followed by 30 cycles as denaturation, annealing and 
extension steps at 94°C for 45 sec, 55°C for 45 sec and 72°C for 
1.5 min, respectively. Finally, 72°C for 5 min was applied as the 
final extension step. Amplification products were observed 
on agarose gel as described in section “Genomic DNA (gDNA) 
Isolation and Analysis”.

The fusαF/R and fusHMGF/R primer pairs targeting the MAT-1 
and MAT-2 loci, respectively, were used for the determination of 
the mating types of the isolates (Table 3). The reaction volume 
was adjusted as 25 μL including 50 ng gDNA, 1×PCR buffer, 1.5 
mM MgCl2, 5 pmol for each primer, 0.5 mM for dNTP mix and 1 
U Taq DNA polymerase. The mixtures were incubated at 94°C for 
2 min as predenaturation and followed by 30 cycles as denatur-
ation, annealing and extension steps at 94°C for 30 sec, 55°C for 
30 sec and 72°C for 30 sec, respectively. The final extension was 
obtained at 72°C for 5 min. Amplification products and Gene Rul-
er 100 bp DNA ladder (Thermo Fisher Scientific, Germany) were 
run on agarose gel electrophoresis and visualized as previously 
mentioned in “Genomic DNA (gDNA) Isolation and Analysis”.

Chemotype determination was performed by amplifying the 
tri13 gene region of isolates. For that purpose, the primer pairs 
of Tri13NIVF/Tri13R and Tri13F/Tri13DONR were chosen for the 
determination of NIV and DON chemotypes, respectively (Ta-
ble 3). PCR mixtures were prepared for 25 μL containing 50 ng 
gDNA, 1×PCR buffer, 2 mM MgCl2, 5 pmol for each primer, 0.4 
mM for dNTP mix and 1 U Taq DNA polymerase. PCR conditions 
were set at 94°C for 2 min as predenaturation, 30 cycles as dena-
turation, annealing and extension steps at 94°C for 30 sec, 53°C 
for 45 sec and 72°C for 1.5 min, respectively, and 72°C for 5 min 
as a final extension. Amplification products were controlled as 
described above in “Genomic DNA (gDNA) Isolation and Anal-
ysis”.

RESULTS AND DISCUSSION

F. graminearum and F. culmorum are the predominant species 
responsible for FHB and CR infections in Turkey. Accurate identifi-
cation of the causal agents is the fundamental step in the diagno-

Table 3. Primers, their target regions on gDNA, their nucleotide sequences and product sizes used for PCR analysis (*gene region, 
**marker, ***locus)

Primer Target Sequence 5’ - 3’ Band Size (bp) References

Tox 5-1
Tox 5-2

tri5*
GCTGCTCATCACTTTGCTCAG
CTGATCTGGTCACGCTCATC

658
Niessen and Vogel  (1998) 
(25)

UBC85F
UBC85R

SCAR**
GCAGGGTTTGAATCCGAGAC
AGAATGGAGCTACCAACGGC

332

Schilling et al. (1996) (26)
OPT18F
OPT18R

SCAR
GATGCCAGACCAAGACGAAG
GATGCCAGACGCACTAAGAT

472

fusαF
fusαR

MAT-1***
CGCCCTCTKAAYGSCTTCATG
GGARTARACYTTAGCAATYAGGGC

210

Kerényi et al. (2004) (27)
fusHMGF 
fusHMGR

MAT-2***
CGACCTCCCAAYGCYTACAT
TGGGCGGTACTGGTARTCRGG

260

Tri13NIVF
Tri13R

tri13*
CCAAATCCGAAAACCGCAG
TTGAAAGCTCCAATGTCGTG

312

Chandler et al. (2003) (28)
Tri13F
Tri13DONR

tri13*
CATCATGAGACTTGTKCRAGTTTGGG
GCTAGATCGATTGTTGCATTGAG

282
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sis of plant diseases. At the same time, it also aids in establishing 
efficient methods to understand and control them. Macroconidia 
of fungi play an important role in the dissemination of fungal dis-
eases (29). Their shape and size are the main primary morpholog-
ical features used for the differentiation of Fusarium species as a 
conventional classification approach (16,30). 

Since traditional morphological techniques are time-consuming 
and inaccurate, preferring new techniques for the diagnosis 
of disease and characterization of pathogens has become 
obligatory. Within this context, nucleic acid amplification-
based methods provide accurate and reliable diagnosis and 
classification of species, identified by conventional approaches, 
in a short time. In the current study, at first, 38 F. graminearum 
and 30 F. culmorum samples isolated from wheat ears and stalks 
with FHB and CR symptoms collected from different agricultural 
regions of Turkey were identified at species level based on their 
macroconidia shape and size (Figure 2). PCR-based molecular 
methods, targeting the amplification of different genomic 

regions, were used for the classification of all isolates at 
species level and the determination of their mating types and 
chemotypes. Within this context, after the gDNA isolation of 
68 Fusarium isolates, their amount (70-120 ng/μl) and purity 
(1.7-1.9) were controlled and found to be convenient for use in 
PCR amplification. Since, SCAR markers were generated from 
cloned RAPD or AFLP fragments, linked to a trait of interest 
or not, those species-specific DNA fragments are amplified 
for use in species determination (26). Schilling et al. (1996) 
developed species-specific oligonucleotide primers, that are 
capable of differentiating two Fusarium species (F. graminearum 
and F. culmorum) by the amplification of species-specific SCAR 
markers derived from RAPD fragments (26). Since amplicons 
with 332 bp specific to F. graminearum were amplified in this 
study from 38 isolates by using a UBC85 primer pair, they were 
classified as F. graminearum (Figure 3). Similarly, 30 isolates were 
diagnosed as F. culmorum by amplifying the 472 bp SCAR marker 
region specific to F. culmorum by using OPT18 primers (Figure 
4). In this manner, the identification of both species, already 

Figure 2. Macroconidia structures of a) Fusarium graminearum b) Fusarium culmorum under light microscope with total 40X magnifica-
tion (Eclipse E100, Nikon Instruments, Japan).

Figure 3. PCR products with 332 bp length obtained by using UBC85 F/R primers for species diagnosis of Fusarium graminearum. PH-1 
was used as positive control. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.

Figure 4. Fragments with 472 bp amplified with OPT18 F/R primers for Fusarium culmorum species diagnosis. Electrophoresis was con-
ducted at 65V for 60 min. Fragments were visualized under UV transilluminator (Avegene X-Lite 200). FcUK99 was used as positive 
control. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.
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carried out based on morphological characters, were verified by 
using molecular methods. In the same way, Yörük and Albayrak 
(2012) described 12 fungal isolates as F. graminearum with 
a UBC85 primer pair, while 20 were identified as F. culmorum 
with OPT18 primers (20). In another study, Yörük et al. (2014) 
described eight F. graminearum and four F. culmorum isolates 
among 17 fungal samples by targeting the same SCAR regions 
(21). Moreover, Abedi-Tizaki and Sabbagh (2012) identified 51 F. 
culmorum isolates among 344 studied specimens by using the 
OPT18 primer pair for amplification of the SCAR marker (31). 

Trichothecenes are toxic secondary metabolites produced by 
various fungal species belonging to Fusarium, Myrothecium, 
Stachybotrys and Trichoderma genera. The tri5 gene, encoding 
the trichodiene synthase, is located at the beginning of the 
trichothecene biosynthetic gene cluster and has highly con-
served nucleotide sequences. Those sequences enable the de-
tection of trichothecene producers based on amplification (25, 
32-34). Therefore, in the current study, the amplification of the 
tri5 gene was carried out for the characterization of trichoth-
ecene producing F. graminearum and F. culmorum isolates. A 
658 bp fragment belonging to the tri5 gene was amplified from 
all isolates with the Tox 5-1/2 primer pair designed by Niessen 
and Vogel (1998) (25) (Figure 5). Hence, it was shown that iso-
lates of both Fusarium species were trichothecene producers. 
Similarly, trichothecene producers among different Fusarium 
species, isolated from infected crops and fast food, were con-
firmed by using Tox5 primers (35,36). As can be understood 
from these studies, tri5 amplification with Tox5 primer pair is a 
suitable approach for characterization in terms of the mycotox-
in production patterns of phytopathogenic Fusarium species 
obtained directly from crops or processed products.

Biological species concepts can not be used for many species 
including Fusarium as the sexual stage has not been observed 

under laboratory conditions. Therefore, the determination of 
MAT alleles via PCR amplification is required to provide informa-
tion about the sexual stage and compatibility between haploid 
individuals in heterothallic ascomycetes (37,38). Kerényi et al. 
(2004) accomplished the determination of mating types in sev-
eral Fusarium species including F. graminearum and F. culmorum 
by developing degenerated and semi degenerated primer pairs 
targeting the conserved α-box and the high-mobility-group 
(HMG) domains of MAT-1 and MAT-2 alleles, respectively. They 
reported that F. graminearum, which is a homothallic species, 
carries both MAT-1 and MAT-2 idiomorphs together whereas 
heterothallic F. culmorum carries only one of the MAT alleles (27). 
With the aim of isolates’ MAT determination, two primer sets for 
targeting the alleles which were two idiomorphs found in a sin-
gle locus were used for PCR analysis in the present study. Like-
wise, it was determined that all F. graminearum isolates carried 
both the MAT-1 and MAT-2 loci (Table 1). The 210 bp long ampli-
fication products obtained from seven F. culmorum isolates with 
the fusαF/R primer pair revealed these isolates contained only 
the MAT-1 allele (Figure 6). The 260 bp long fragments, amplified 
with fusHMGF/R primers, demonstrated that the remaining 23 
F. culmorum samples bear only the MAT-2 locus (Figure 7). These 
findings obtained from the study were exactly compatible with 

Figure 5. PCR products of 658 bp, amplified with Tox5-1/2 primers for genus diagnosis purpose. Electrophoresis was conducted at 65V 
for 60 min. Fragments were visualized under UV transilluminator (Avegene X-Lite 200). PH-1 was used as positive control. M: 100 bp 
(Thermo Scientific, ABD), NC: Negative control.

Figure 6. Agarose gel electrophoresis image of PCR products 
displayed amplicons (210 bp) were obtained from reaction with 
fusαF/R primers for mating type diagnosis purpose. M: 100 bp 
(Thermo Scientific, ABD), NC: Negative control.

Figure 7. Agarose gel electrophoresis image of PCR products displayed amplicons (260 bp) were obtained from reaction with fusHMG-
F/R primers for mating type diagnosis purpose. M: 100 bp (Thermo Scientific, ABD), NC: Negative control.
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that of Kerényi et al. (2004) (27). Likewise, it was reported in the 
previous studies that both MAT-1 and MAT-2 alleles were carried 
together in F. graminearum whereas either the MAT-1 or MAT-2 
idiomorph was detected in F. culmorum (39,40).

Since the mycotoxin type and quantity have a considerable 
effect on epidemics, the designation of mycotoxin production 
pattern has an influence on the development of control strat-
egies against pathogenic organisms (20). Trichothecenes are 
the largest group of mycotoxins known to date. In this context, 
chemotyping of Fusarium species is carried out by targeting 
conserved functional genes located in the Tri5 gene cluster 
via PCR-based molecular methods (41). Therefore, for the dis-
crimination of mycotoxins, researchers developed various PCR 
methods based on revealing the sequence differences of genes 
that are responsible for the encoding of mycotoxin production 
enzymes.

Discrimination between DON and NIV-producing isolates 
was mainly determined from tri7 and tri13 genes in the Tri5 
gene cluster in Fusarium species. NIV-producing isolates carry 
functional copies of both genes (28,42), whereas DON producers 
have deleted regions on both of them (42-44). However, it was 
also reported that there are certain DON-producing isolates 
with full-length tri7 while carrying nonfunctional tri13 (44). 
Therefore, as functional tri7 is a rare event for DON producers, 
targeting tri13 instead of tri7 became a more consistent strategy 
in chemotyping for isolates in terms of detection of DON or NIV 
producing capacity (28,45-47). Chandler et al. (2003) performed 
chemotyping of Fusarium isolates by amplifying the tri13 gene 
region encoding P450 monooxygenase (28). In the current 
study, all Fusarium isolates were identified according to the 
amplification of two different regions of the tri13 gene. For that 
purpose, two different primer sets designed by Chandler et al. 
(2003) were chosen (28). The potential of NIV production was 
not determined because the expected 312 bp amplicons could 
not be obtained from any of the isolates by PCR using Tri13NIVF/
Tri13R primers. However, all isolates were determined as having 
potential DON production via obtaining 282 bp amplicons by 
PCR assay which was performed with the Tri13F/Tri13DONR 
primer pair (Figure 8). Similarly, Tόth et al. (2004) identified 
the DON and NIV producer F. graminearum and F. culmorum 
isolates based on tri13 amplification (40). Although it is known 
that the DON chemotype is common in Turkey (48,49), after 
the F. graminearum isolate with NIV production capacity was 
reported by Yörük and Albayrak (2012) for the first time (20), this 
chemotype was also detected by different researchers (50,51).

Species identification of phytopathogenic fungal agents and 
their chemotyping via PCR assay ensure a reliable diagno-
sis, and also provide developing influential struggle strate-
gies against pathogens (20). For that purpose, genotypic and 
chemotypic identification of 68 Fusarium isolates, purified by 
single spore analysis, through different amplification strategies 
was performed in this study. Since studied isolates originated 
from four different populations of Turkey (Tekirdağ, Çanakkale, 
Balıkesir and Amasya) and their geographical discrimination in-
ferred two different regions (Marmara and Black Sea), data be-
came supportive for revealing the agro-ecological distribution 
of Fusarium spp. chemotypes. 

Since the annual levels of phytopathogenic fungi spread and 
their produced mycotoxin levels may vary depending on envi-
ronmental factors, continuous monitoring of phytopathogenic 
profile and levels of mycotoxins is essential for controlling dis-
eases and ensuring risk assessment arising from contaminated 
food products. According to these findings from the present 
study, it could be said that PCR becomes a significant tool for 
screening plant infecting mycotoxigenic fungi. In addition, 
determination of mycotoxin distribution via chemotyping in 
agro-ecological regions is an effective approach for under-
standing the severity and spread of pathogens. Lastly, further 
research from other regions of Turkey with more isolates will 
improve the identification of the regional distribution of both 
F. graminearum and F. culmorum and their produced mycotox-
ins. Through this research, a new wild-type culture collection 
including F. graminearum and F. culmorum isolates was estab-
lished from different agricultural areas with the aim of being 
utilized in future projects.
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