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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; botany, 
zoology, hydrobiology, animal and plant systematics, ecology, 
environmental biology, microbiology, radiobiology, molecular 
biology, biochemistry, genetics, biotechnology, physiology, 
toxicology, cell biology, cancer biology, neurobiology, develop-
mental biology, stem cell biology, regenerative and reparative 
biology, nanobiotechnology, system biology, tissue enginee-
ring, biomaterials, and omic sciences.

The editorial and publication processes of the journal are shaped in 
accordance with the guidelines of the International Council of Me-
dical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee 
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 
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reviewers who are experts in their fields in order to ensure an 
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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 con-
sent of patients and volunteers was obtained following a detailed 
explanation of the procedures that they may undergo. Information 
on patient consent, the name of the ethics committee, and the ethi-
cs committee approval number should also be stated in the Materi-
als and Methods section of the manuscript. It is the authors’ respon-
sibility to carefully protect the patients’ anonymity. For photographs 
that may reveal the identity of the patients, signed 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 
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data for the work; AND
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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 
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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 Transfer 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) through the submission sys-
tem. The files should not be embedded in a Word document or 
the main document. When there are figure subunits, the subu-
nits should not be merged to form a single image. Each subunit 
should be submitted separately through the submission system. 
Images should not be labeled (a, b, c, etc.) to indicate figure subu-
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nits. Thick and thin arrows, arrowheads, stars, asterisks, and simi-
lar marks can be used on the images to support figure legends. 
Like the rest of the submission, the figures too should be blind. 
Any information within the images that may indicate an indivi-
dual 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 re-
solution 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.
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1

INTRODUCTION

The pancreas has four main types of endocrine cells. The 
first one of them is alpha cells, which synthesize gluca-
gon, the second one is beta cells, which synthesize insu-
lin, the third one is delta cells, which synthesize soma-
tostatin, the fourth one is pancreatic polypeptide (PP) 
cells, which synthesize pancreatic polypeptide (1-3), and 
the fifth type is ghrelin cells, which synthesize ghrelin in 
mammalian pancreatic islet cells (4,5). Ghrelin cells are 
the most important source of ghrelin in the fetal peri-

od (6). Their number increases during this period, and 
these cells are located around pancreatic islands (4,5). It 
has been shown that when the number of beta cells de-
creases, the number of ghrelin cells increases in experi-
mental mouse models (5). Ghrelin controls glucose me-
tabolism (7). Ghrelin levels decrease in type 2 diabetes 
individuals and healthy offspring of them (8-10). There 
is a relationship between ghrelin and insulin levels. The 
authors demonstrated that insulin plays an important 
role in inhibition of nutrition-related ghrelin as a modu-
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ABSTRACT

Objective: Ghrelin is an orexigenic hormone mainly released from the stomachs of rats and takes a significant part in the 
development of newborn rats. Ghrelin has been shown to possess antioxidant, anti-apoptotic, and anti-inflammatory 
properties. In this study, we aimed to examine microscopical and biochemical parameters in the kidney of newborn non-
treated diabetic and ghrelin-treated diabetic rats. 

Materials and Methods: Wistar-type newborn rats were divided into four groups. First group: control rats given physiological 
saline for four weeks; second group: control animals given ghrelin from the third day to the fourth week; third group: diabetic 
rats given streptozotocin (STZ) on the second day after birth as a single dose; fourth group: diabetic rats given ghrelin from 
the third day to the fourth week. 

Results: There was no microscopic difference between the kidney tissues of non-treated diabetic and ghrelin-treated diabetic 
rats. Lipid peroxidation levels decreased, while superoxide dismutase, catalase activities, and glutathione levels increased in 
the diabetic group given ghrelin. Serum urea, uric acid, creatinine levels, myeloperoxidase, and xanthine oxidase activities 
decreased in diabetic rats treated with ghrelin. 

Conclusion: It can be said that the ghrelin given exogenously has a protective effect in some degree on renal complications 
in newborn diabetic rats.
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lator of plasma ghrelin (11,12). Furthermore, the hyperglycemic 
and lowering effect also occurred when ghrelin is given to a 
healthy human. These findings reveal effects of ghrelin on insu-
lin secretion and glucose metabolism (13,14).

Diabetes mellitus is a chronic metabolic disease. Prolonged 
hyperglycemia causes damage to some tissues, such as kidney 
tissue, and an increase in oxidative stress. This situation induc-
es renal damage. Therefore, kidney damage is associated with 
increased oxidative stress (15). Renal failures are the cause of 
diabetic nephropathy. One of the mortalities caused in pa-
tients who have insulin-dependent and non-insulin-depen-
dent diabetes is renal disease (16). Diabetic nephropathy is a 
major problem in diabetic patients (17). Reactive oxygen spe-
cies (ROS) has an important role in diabetic pathogenesis (18). 
Antioxidants protect cells and tissues from oxidative damage 
(19). The kidney damage caused by oxidative stress is reduced 
by increased antioxidant levels. Ghrelin may be an important 
antioxidant agent with increasing antioxidant enzyme activities 
(20,21). Increased ROS levels and decreased antioxidant levels 
are observed in diabetes (22). Then, free radicals come into play, 
and this situation occurs with nonenzymatic glycation of pro-
teins, oxidation of glucose, increase of lipid peroxidation (LPO), 
and the development of insulin resistance (23). Oxidative stress 
emerges from an imbalance between the formed radicals and 
the level of antioxidants. It has been shown in many studies that 
complications that occur in diabetes cause the development of 
oxidative stress (18,24,25). Ghrelin has an antioxidant effect and 
is a strong lipolytic hormone (26). Fujimura et al. demonstrated 
that ghrelin has a significant role in the decrease of ROS levels in 
angiotensin II -induced renal damage in mice (27). 

In the present study, it was purposed to reveal the anti-prolifera-
tive and antioxidants effects of ghrelin microscopically and bio-
chemically in the kidney of newborn normal and STZ-induced 
diabetic rats following exogenous administration of ghrelin. 

MATERIAL AND METHODS

Animals 
The Local Ethics Committee on Animal Research of Istanbul 
University approved for all the experimental procedures. In 
this study, newborn Wistar albino female and male rats were 
divided into four groups (n=5 per group, totally 20 rats in his-
tological and immunohistochemical assays; n=13 for control 
and ghrelin control groups, n=9 for diabetic and diabetic group 
given ghrelin, totally 44 rats in biochemical assays). In the first 
group, which was the control group, physiological saline was 
given intraperitoneally for four weeks. Ghrelin (AnaSpec, Fre-
mont, CA, USA, 24160) was given subcutaneously as 100 μg/kg/
day from the third day to the fourth week to the second group 
rats. Rats in the third group, which was the diabetic group, were 
treated with a single dose of 100 mg/kg streptozotocin (STZ) on 
the second day after birth to induce newborn diabetes, intra-
peritoneally. Ghrelin after STZ injection was given to the rats in 
the last group. At the end of the experiment, the rats were sacri-
ficed. Their blood samples were taken for biochemical analysis, 

and kidney tissues were taken for examining microscopical and 
biochemical parameters. 

Histological and Immunohistochemical Assays
Kidney tissues fixed in Bouin’s solution for 24 hours at room 
temperature were used. After the series of ethanol and xylene 
for dehydration and cleaning, the kidney tissues were embed-
ded in paraffin. The embedded kidney tissues were cut as a 5 
μm section for a histological assay and a 4 µm section for an 
immunohistochemical assay. The kidney tissues were stained 
with a Periodic Acid Schiff reagent for microscopy analysis. The 
poly-L-lysine was used to coat microscope slides. The sections 
were placed on these slides for the immunohistochemical assay. 
Caspase-3 and proliferating cell nuclear antigen (PCNA) were 
investigated for immunohistochemical assay. The paraffin was 
removed by keeping the sections in toluene. After this stage, 
the sections were incubated with hydrogen peroxide (3%) to 
block the endogenous peroxidase activity. The Histostain Plus 
Broad Spectrum Kit (Zymed, 85-9743, South San Francisco, CA), 
PCNA antibody (Ab-1 MS-106-P, Neomarkers, Fremond, CA, di-
lution 1:50, 30 minutes at room temperature), and caspase-3 
(Millipore AB3623, Bedford, MA, USA; dilution 1:50, overnight 
at +4ºC) were utilized for immunohistochemical labeling by 
employing the streptavidin-biotin-peroxidase technique. The 
3-amino-9-ethyl carbazole was used to detect of immunore-
activity. Mayer’s hematoxylin was used for counterstain of the 
sections and mounted using glycerol vinyl alcohol mounting 
medium. 

Histological and immunohistochemical assays were conducted 
by using an X40 objective and X10 ocular system of the Olym-
pus CX-45 microscope as Microscopic analysis. The results were 
explained by the histological score with a grade from 0 to 3 as 
negative (0), weak (1), moderate (2), and strong (3). PCNA im-
munopositive cells were counted for each slide at a minimum 
of ten random fields.

Biochemical Assays
In the previous study, blood glucose levels were measured, and 
Turk et al. decided that the rats were diabetic (28). Creatinine, 
uric acid, and serum urea levels were investigated by the meth-
ods of Jaffe reaction (29), Caraway (30), and acetylmonoxime 
(31), respectively. Cold 0.9% NaCl and glass equipment were 
used for homogenization of kidney tissues. 10% (w/v) homoge-
nate was obtained. It was centrifuged. Clear supernatants were 
utilized for protein, glutathione (GSH), and LPO levels and anti-
oxidant enzyme analysis. GSH levels were determined in accor-
dance with the Beutler method using Ellman’s reagent (32). LPO 
levels were investigated by Ledwozyw’s method in kidney ho-
mogenates (33). Catalase (CAT) activity was determined in ac-
cordance with Aebi (34), superoxide dismutase (SOD) activity in 
accordance with Mylroie’s method (35), myeloperoxidase (MPO) 
activity in accordance with Wei and Frenkel (36), and xanthine 
oxidase (XO) activity in accordance with Corte and Stirpe with a 
number of modifications (37). The protein level was determined 
by employing the method of Lowry in the supernatants. The bo-
vine serum albumin was used as standard for this method (38). 
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Statistical Analysis
The Mann-Whitney U tests and the two-way ANOVA using 
GraphPad Prism version 4.0 computer package were used for 
analysis of the histological and immunohistochemical data. The 
unpaired Student’s t-test and one-way ANOVA using the NCSS 
statistical computer package were used for the biochemical 
results. The results were presented as mean±SE for histological 
and immunohistochemical assays; as mean±SD for biochemical 
assays. P values less than 0.05 were considered significant.

RESULTS

Histological and Immunohistochemical Assays
Degenerative changes such as expansion in the capsular spaces 
of glomeruli, ruptures at the brush border in apical, desquamat-
ed nuclei and cytoplasmic debris in the lumen of proximal tu-
bules, necrotic areas, moderate cytoplasmic vacuolar degener-
ation, and hyperemia in the kidney tissue of rats given STZ were 
determined. These changes were not changed in the kidney 
tissue of the diabetic animals given ghrelin (Figure 1). 

PCNA immune+ cell number as cell proliferation increased in the 
diabetic group given STZ compared to both the control groups. 
In the diabetic group given ghrelin, cell proliferation decreased 
compared to the control group given ghrelin, while it decreased 
in comparison with the diabetic group. PCNA immune+ cell 
number (Figures 2A and 2B) was observed. Caspase-3 immune+ 
cell number did not exhibit a difference between the four 
groups statistically (Data not shown).

Biochemical Assays 
The serum uric acid and urea levels in the diabetic group were 
determined to have increased significantly in comparison with 
the control group (p<0.001; p<0.05). Ghrelin caused a signifi-
cant decrease in creatinine, uric acid, and urea levels in the dia-
betic group (p<0.0001; p<0.001; p<0.05) (Table 1).

Figure 1. A normal histological appearance was observed in the 
kidney tissue of the control (1), control group given ghrelin (2), 
STZ group (3), diabetic group given ghrelin (4). G: Glomeruli, P: 
Proximal tubules, D: Distal tubules, N: Necrotic area, V: Vacuolar 
degeneration, : Ruptures at the brush border in apical, *: 
Cytoplasmic debris and : Desquamated nuclei in the lumen of 
proximal tubules, ↔: Expansion in capsular spaces of glomeruli. 
Periodic Acid Schiff (PAS) staining technique. 400x magnification 

Figure 2. A) PCNA immune+ cells () are observed with 
immunohistochemistry in kidney tissue of the control group (1), 
control group given ghrelin (2), STZ group (3), diabetic group 
given ghrelin (4). G: Glomeruli, P: Proximal tubules, D: Distal 
tubules. B) PCNA immune+ cell number for all groups. ap<0.05 
versus control group, bp<0.01 versus ghrelin group, cp<0.05 
versus ghrelin group, dp<0.01 versus diabetic group. 400x 
magnification

Table 1. Serum urea, creatinine and uric acid levels of all groups
Group Urea (mg/dL)* Creatinine (mg/dL)* Uric Acid (mg/L)*
Control
Control+Ghrelin

59.84±7.48
76.19±26.14

1.32±0.15
0.65±0.23c

4.23±0.22
3.39±0.67a

Diabetic
Diabetic+Ghrelin

106.41±20.41a

72.79±5.84b

1.42±0.02d

0.51±0.03e

5.14±0.39f

3.20±0.67g

PANOVA 0.041 0.0001 0.0001
*Mean±SD; ap<0.05 versus control group, bp<0.05 versus diabetic group, cp<0.0001 versus control group, dp>0.05 versus control group, ep<0.0001 versus diabetic 
group, fp<0.001 versus control group and gp<0.001 versus diabetic group.
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A significant reduction in GSH levels was determined in the dia-
betic group in comparison with the control groups (p<0.0001). 
Ghrelin administered to the diabetic rats induced a significant 
increase in GSH levels in the kidney (p<0.0001). LPO levels was 
increase significantly in the diabetic rats compared to the con-
trol groups (p<0.001). There was a decrease in LPO levels in the 
kidney with given ghrelin to STZ-diabetic rats (p<0.001) (Table 2). 

A significant reduction in kidney CAT and SOD activities were 
determined in the diabetic group in comparison with the con-
trol groups (p<0.0001). However, MPO and XO activities signifi-
cantly increased in the diabetic group compared to the control 
group (p<0.001; p<0.05) (Table 3). The exogenously adminis-
tered ghrelin induced an increase in kidney CAT and SOD activ-
ities (p<0.001; p<0.005), and a decrease in kidney MPO and XO 
activities in the diabetic rats (p<0.05; p<0.0001) (Table 3).

DISCUSSION 

The blood glucose levels decreased in diabetic rats given 
ghrelin compared to non-treated diabetic rats (28). Ghrelin ad-
ministration inhibits the diabetic effects as a result of reducing 
the blood glucose levels in newborn diabetic rats. Brouwers et 
al. showed that kidney damage occurred as a result of admin-
istering 250 mg/kg STZ doze to mice (39). They have observed 
disruption of the brush border, the loss of nucleus in proximal 
tubule cells, dilatation of non-proximal tubules, and moderate 
acute tubular injury. Koyuturk et al. found that ghrelin reduced 
cell proliferation and caspase 8 activity, while caspase-3 activity 
did not change in the liver tissue of ghrelin-administrated dia-

betic rats (40). Renal damage caused by ischemia/reperfusion or 
cisplatin showed that ghrelin administration reduced apoptosis 
(41,42). In the present study, some degenerative changes in the 
STZ treated kidney tissue of newborn rats were determined. 
Ghrelin did not reverse these changes in diabetic animals. 
Ghrelin did not affect the renal injury of experimental diabetic 
rats microscopically. However, PCNA immune+ cell number de-
creased with the administration of ghrelin in diabetic rats. Prox-
imal tubule epithelial cells start to proliferate to prevent acute 
injury (43,44). Proliferation increases in the proximal tubule af-
ter injury. Therefore, the occurred cell number decrease by cell 
death is compensated (45). Danilewicz and Wagrowska-Danile-
wicz suggest that cell proliferation was inhibited by ghrelin in 
control kidney tissues and non-proliferative glomerulopathies. 
The lack or low level of this protein in proliferative glomerulopa-
thies was observed (46). It was thought that when the cells were 
damaged, it increased the number of cells to prevent damage. 
Therefore, PCNA immune+ cell number increased in the diabetic 
group. It decreased because of reduced damage with the ad-
ministration of ghrelin. 

Necrotic areas in the kidney tissue of the experimental group 
were determined by histochemical staining, and it was desired 
to investigate caspase-3 activity to determine apoptosis,a form 
of cell death. There were no changes in caspase-3 between the 
four groups. We thought that cell death might occur in the di-
abetic group. However, apoptotic cell death did not occur with 
the administration of STZ, statistically. 

Creatinine levels decreased with the administration of ghrelin 
in renal damage caused by cisplatin (42). In another study, cre-
atinine levels were shown to be higher compared to the control 
group in diabetic nephropathy (47,48). Van Ginhoven et al. have 
shown that urea levels increased after reperfusion (49). How-
ever, there were no changes between both the control group 
and the group given ghrelin. Furthermore, uric acid, urea, and 
creatinine levels increased in an experimental model of diabetic 
nephropathy compared to the control group (50). In our study, 
uric acid, creatinine, and serum urea levels reduced in the di-
abetic group given ghrelin. It can be said that ghrelin takes a 
significant part in the prevention of renal damage. 

Table 2. Kidney glutathione (GSH) and lipid peroxidation 
(LPO) levels of all groups 

Group
GSH (nmol GSH/mg 
protein)*

LPO (nmol MDA/ 
mg protein)*

Control
Control+ Ghrelin

10.46±3.56
9.64±2.63

0.39±0.03
0.41±0.04

Diabetic
Diabetic+ Ghrelin

2.73±1.15a

11.31±2.21b

0.65±0.05c

0.37±0.07d

PANOVA 0.0001 0.0001
*Mean ± SD; ap<0.0001 versus control group, bp<0.0001 versus diabetic group, 
cp<0.001 versus control group and dp<0.001 versus diabetic group.

Table 3. Kidney catalase (CAT), superoxide dismutase (SOD), myeloperoxidase (MPO) and xanthine oxidase (XO) activities of all 
groups
Group CAT (U/mg protein)* SOD (U/g protein)* MPO (U/g tissue)* XO (U/g protein)
Control
Control+Ghrelin

291.45±41.44
218.32±86.91a

15.05±4.57
11.60±4.84

41.57±5.87
44.07±11.91

1.89±0.67
1.31±0.82

Diabetic
Diabetic+Ghrelin

211.83±36.69b

269.01±8.82c

7.47±0.88b

9.66±1.41d

83.10±14.84e

38.03±14.63f

2.60±0.28a

1.73±0.19g

PANOVA 0.003 0.001 0.001 0.001

*Mean ± SD; ap<0.05 versus control group, bp<0.0001 versus control group, cp<0.001 versus diabetic group, dp<0.005 versus diabetic group, ep<0.001 versus control 
group, fp<0.05 versus diabetic group and gp<0.0001 versus diabetic group.
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Ghrelin increases antioxidant activity. Therefore, it has antiox-
idant properties in the rat kidney tissue (51). The authors indi-
cated that SOD and GSH levels reduced in the kidney tissue in 
the diabetic group compared to the control group (52). In an-
other similar study, CAT, SOD activities and GSH levels reduced, 
while malondialdehyde levels increased in diabetic nephrop-
athy in comparison with the control group (50). Sudhakara et 
al., have shown that LPO and XO levels increased in the kidney 
tissue of diabetic rats (53). Sacan et al., has shown that LPO, 
CAT, SOD, MPO, and XO significantly increased, while GSH lev-
els reduced in lung tissues in diabetic rats in comparison with 
the control group (54). In our study, kidney GSH level, SOD, and 
CAT activities significantly increased, while XO and MPO activ-
ities and LPO level significantly reduced in the diabetic group 
given ghrelin. Ghrelin reversed biochemical changes in diabet-
ic rats. 

CONCLUSION 

The biochemical results showed that ghrelin provides recov-
ery of complications in kidney tissue in newborn diabetic rats. 
Ghrelin treatment partially  reversed the renal injury of exper-
imental diabetic rats because of the antioxidant properties of 
ghrelin.
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INTRODUCTION

The alimentary system of the insect is a structure which 
continues from the mouth to the end of the anus. The 
digestive system is basically divided into three regions 
in insects. These regions are the foregut, the midgut, and 
the hindgut (1-13). The foregut contains the esophagus, 
the pharynx, the crop, and the proventriculus. The midgut 
consists of the gastric caecum and the ventriculus. The 
hindgut is divided into three parts: the ileum, the colon, 
and the rectum. The ileum has an ectodermal origin, and 
the inside of the epithelium is lined by a cuticle (14-18). 

The Malpighian tubules and the hindgut interoperate 
in excretory system of terrestrial insects. The primary 
isosmotic filtrate is produced by the Malpighian tubule 
cells, and then it is discharged in the lumen of ileum. 
The volume and composition of this filtrate starts to 
modify in the ileum lumen. The main role of the ileum 
in insects, as the intermediate step of the excretory 
system, is secretion, food digestion, and reabsorption 
of the water, ions, and metabolic residues (16,18-31). 
Besides, in some insects such as Schistocerca gregaria 
(Orthoptera: Acrididae), the ileum contributes to the 
osmoregulation (32).
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ABSTRACT

Objective: The alimentary canal is composed of the foregut, the midgut, and the hindgut in insects. The hindgut is the region 
where the reabsorption of the water and some ions occur and the feces are generated. The hindgut is generally divided into 
3 parts as the ileum, the colon and the rectum in insects. The morphological and fine structures of these parts can be used as 
the taxonomical character. The aim of this study is to investigate the fine structure and morphology of the ileum in the last 
instar nymph of Conocephalus (Xiphidion) fuscus fuscus (Fabricius, 1793) (Orthoptera, Tettigoniidae).

Materials and Methods: In this study, morphology, histology, and ultrastructure of the ileum in the last instar nymphal 
C. fuscus fuscus were examined by stereomicroscope, light microscope, scanning electron microscope, and transmission 
electron microscope. 

Results: Ileum is a tube-like structure, which is situated between the midgut and the colon. The wall of the ileum is composed 
of muscle tissue, connective tissue, epithelial tissue, and cuticular intima from the outermost to the innermost. Those single-
layered epithelial cells have globular nuclei, and some granulated endoplasmic reticulum can be observed in photographs. 
Besides, the regenerative cells groups called regenerative nidi are clear in some basal regions of the epithelial layer. 

Conclusion: The general morphology and structure of the nymphal ileum in C. fuscus fuscus have some differences with the 
insects belonging to Orthoptera orders, but its histological, cytological, and fine structure are very alike.

Keywords: Digestive system, hindgut, ileum, light microscope, electron microscope

https://orcid.org/0000-0002-4780-8520
https://orcid.org/0000-0001-7230-4589
https://orcid.org/0000-0002-1207-5814


8 9

Eur J Biol 2020; 79(1): 7-13
Amutkan Mutlu et al. The Nymphal Ileum of C. fuscus fuscus

Conocephalus (Xiphidion) fuscus fuscus (Fabricius, 1793) (Tettigo-
niidae), which can be found in parts of France, Sweden, Kazakh-
stan, Northern Africa, Bulgaria, Germany, Romania, Spain, Iran, 
Pakistan, Switzerland, Italy, Middle Asia, the Netherlands, and 
Turkey, is a species that belongs to Orthoptera order. The in-
crease in the global climate in recent years has had a highly sig-
nificant impact on the spread of this species. C. fuscus fuscus is a 
phytophagus species which feeds primarily on grasses (33,34). 

Since the studies regarding the histology and ultrastructure of 
the ileum in insects are very limited, we aimed to examine the 
structure of the ileum of the nymphal C. fuscus fuscus, whose 
digestive system has not been studied at the level of light and 
electron microscopy. We hope that the data obtained in this 
study will contribute to various experimental taxonomical, his-
tological, and ultrastructural studies about insect tissues.

MATERIALS AND METHODS

The 10 male and 10 female last instar nymphal individuals of C. 
fuscus fuscus (Fabricius, 1793) (Orthoptera, Tettigoniidae) were 
collected from the terrains around the Ankara-Çankırı road in 
June 2017-2018. Samples brought to laboratory were anesthe-
tized with ethyl acetate fumes first and the digestive canal was 
dissected out in physiological water under the stereomicro-
scope (Olympus SZX7). 

For the scanning electron microscope (SEM) examinations, 
specimens were fixed in 5% glutaraldehyde. After fixation, the 
specimens, washed with phosphate buffer, were dehydrated 
in an ascending series of ethanol. Then, they were dried with 
a critical point dryer (Polaron CPD 7501), taken on SEM stubs, 
and coated with gold in a sputter coater (Polaron SC 502). The 
coated specimens were examined with JEOL JSM 6060 SEM at 
10kV at Gazi University, Faculty of Science.

For the transmission electron microscope (TEM) examinations, 
specimens were post-fixed in 1% OsO4 after pre-fixation in 5% 
glutaraldehyde. After rinsing with phosphate buffer, the speci-
mens were dehydrated in ascending ethanol concentrations, and 
then embedded in Araldite. Ultra-thin sections were cut with Lei-
ca EM UC6 ultramicrotome and stained with lead citrate and ura-
nyl acetate. The sections were examined with JEOL JEM 1400 TEM 
at 80 kV and photographed Gazi University, Faculty of Science.

For the light microscopy (LM), semi-thin sections were cut with 
ultramicrotome from Araldite blocks prepared for TEM exam-
inations and stained with 1% methylene blue. The stained sec-
tions were observed under a light microscope (Olympus BX51) 
and photographed.

RESULTS

The alimentary canal in the last instar nymphal C. fuscus fuscus is 
composed of three main parts as the foregut, the midgut, and the 
hindgut (Figure 1). The hindgut is divided into three regions called 
ileum, colon and rectum. The ileum is a short and thick tubular 
structure and located between midgut and colon (Figure 2). The 

Figure 1. The general view of the alimentary canal in C. fuscus 
fuscus. Foregut (FG), midgut (MG), hindgut (HG) and Malpighian 
tubules (encircled) (Stereomicroscope).

Figure 2. The general view of the hindgut in C. fuscus fuscus. Ileum 
(I), colon (C), rectum (R) and Malpighian tubules (arrows). SEM 

Figure 3. The semi-thin section of the ileum. Epithelial layer (E), 
muscle tissue (arrows), Malpighian tubules (MT), connective 
tissue (CT) and lumen (L). Light microscope, Methylene blue, x200 
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Malpighian tubules are connected to the alimentary canal at the 
region where the midgut-ileum junction is (Figures 1 and 2). 

In the cross-sections, it was seen that the ileum wall consists of 
single layer cubic epithelial tissue as the innermost, connective 
tissue in the middle, and muscle tissue as the outermost (Fig-
ures 3-7). There is a thin cuticular intima layer surrounding the 
lumen, the innermost above the epithelial layer (Figures 4-7). 

Rather large and rounded nuclei are found in the middle of 
the epithelial cells (Figures 4, 7 and 8). Besides, granulated 
endoplasmic reticulum in the cytoplasm is visible in TEM pho-
tographs (Figure 8). It is observed that there is a connection 
between the outer membrane of the nucleus and granulated 
endoplasmic reticulum (Figure 8). 

In SEM photographs, the apical side of the epithelial cells looks 
undulated and indented (Figures 9 and 10) and have numerous 
knobby protrusions on the surface facing the cuticular intima 
(Figure 10). In TEM photographs, this structure looks as if it has 
some dispersed and nonuniform invaginations going toward 
the cytoplasm above the cuticular intima (Figure 11). 

The nidi, which are regenerative cell groups, are located in bas-
al region of epithelial layer. The regenerative cells have denser 
cytoplasm as regards electron comparing to the epithelial cells 

Figure 4. The semi-thin section of the ileum. Epithelial layer (E), 
muscle tissue (asterix), cuticular intima (arrows), connective tissue 
(CT) and lumen (L). Light microscope, Methylene blue, x400 

Figure 5. SEM photograph of the ileum in C. fuscus fuscus. Epithelial 
tissue (E), muscle tissue (M) and cuticular intima (arrows).

Figure 6. SEM photograph of the ileum in C. fuscus fuscus. 
Epithelial tissue (E), muscle tissue (M), lumen (L), trachea (T) and 
cuticular intima (arrows).

Figure 7. The thin section of the ileum. Nucleus (N), cuticular 
intima (C), lumen (L), basal lamina (asterix), muscle tissue (M) 
and trachea (T). TEM 
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(Figure 12). The connective tissue recesses into the epithelial 
layer and thus the epithelial layer gains undulated structure 
(Figures 3 and 4). Epithelial cells rest on a thin basal lamina (Fig-
ures 7 and 9). The thin muscle tissue surrounds the outer surface 
of the ileum (Figures 4, 5 and 7). The trachea, which is situated 
in the connective tissue and outer side of the muscle tissue, can 
be observed in the cross sections of the ileum (Figures 6 and 7). 

Figure 9. SEM photograph of the ileum wall. Epithelial layer (E), 
basal lamina (arrow) and lumen (L).

Figure 10. The apical surface of the epithelial layer. Undulated areas 
of apical region (arrows) and knobby protrusions (encircled). SEM

Figure 11. Dispersed and nonuniform invaginations (asterix) go 
toward the cytoplasm above the cuticular intima (C). SEM

Figure 12. The thin section of the ileum showing the regenerative 
cell nidi (RN), which is composed of several regenerative cells 
and nucleus (N) in epithelial cells. TEM

Figure 8. The thin section of the ileum. Nucleus (N) and the 
connection between the granulated endoplasmic reticulum and the 
outer membrane of the nucleus (arrow) in the epithelial cell. TEM 
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DISCUSSION

In the insects, the digestive system consists of three regions: the 
foregut, the midgut, and the hindgut, while each region can be 
divided within itself (13,17). The hindgut generally consists of 
the ileum, the colon, and the rectum (17,35). However, in some 
insects such as Catopsilla pomona (Fabricius, 1758) (Lepidop-
tera: Pieridae) the hindgut is composed of two subparts as the 
ileum and the rectum (29). The ileum, which is the first part of 
the hindgut, can be divided into different parts in different in-
sect groups (36). For example, in Formica nigricans (Hymenop-
tera, Formicidae), the ileum is divided into proximal, middle, 
and distal ileum (37). In Cephalodesmius armiger (Coleoptera, 
Scarabaeidae), larvae of Anticarsia gemmatalis (Lepidoptera, 
Noctuidae), Melanogryllus desertus (Orthoptera, Gryllidae), 
Poecilimon cervus (Orthoptera, Tettigoniidae) and Graphosoma 
lineatum (Heteroptera, Pentatomidae), the ileum consists of a 
single region (2,17,18,35,37,38). When the ileum morphology 
of the last instar nymphal C. fuscus fuscus (Orthoptera) is com-
pared with the other species, there is no compartment. 

The ileum in Cenocorixa bifida (Hung.) (Hemiptera, Corixidae) is 
composed of two distinct areas that can be observed in TEM 
photographs of cross sections of the ileum. These areas are a 
ventral squamous epithelium and a dorsolateral columnar epi-
thelium consisted of extremely large cells. The arrangement of 
the columnar epithelium forms a structure called as ileac pad. 
Although, the ileum in the last instar nymphal C. fuscus fuscus 
has no structure as in C. bifida (39).

In the cross sections of the ileum in the last instar nymphal C. 
fuscus fuscus the epithelial layer has infoldings on the apical 
side of the epithelium that can also be observed in Locusta 
migratoria (Orthoptera, Acrididae) and C. bifida. The epithelial 
cell layer also has finger-like invaginations into the lumen in M. 
desertus (18,20,39).

In some insects, the ileum has symbiotic bacteria (40,41). It 
has been thought that the presence of bacteria in the ileum 
contributes to digestion by increasing digestibility of carbohy-
drates. The symbiotic bacteria localized on invaginations which 
at the apical side facing the lumen of the epithelial layer in the 
ileum of Gryllus bimaculatus (Orthoptera, Gryllidae) and Acheta 
domestica (Orthoptera, Gryllidae) was described in the studies 
of Ulrich et al. (1981) and Woodring and Lorenz (2007) (42,43). 
In our study, we couldn’t observe the symbiotic bacteria of the 
ileum lumen in the last instar nymphal C. fuscus fuscus.

The ileum epithelium of different species has different cell 
types. While the proximal ileum of F. nigricans has simple 
pyramidal epithelial cells, the middle ileum of the same spe-
cies has simple cubic epithelial cells (36). Although the ile-
um epithelium has a single layer of cylindrical cell type in M. 
desertus, L. migratoria, and C. armiger, the ileum structure of 
larvae of A. gemmatalis consists of squamous epithelial cells 
(2,17,20,37). The cells of the nymphal C. fuscus fuscus have a 
monolayer cubic epithelium similar to the ileum epithelium 
of P. cervus (35). 

In general, the regenerative cells groups, called nidi, are shown 
in the midgut epithelium in insects. The new cells that grow 
from small regenerative cells in the midgut can replace cells 
lost through age, wear, and loss through apocrine or holocrine 
secretion (35,44-46). Regenerative cells lie near the base of the 
epithelial cells in larval Diptera, Lepidoptera, and Orthoptera. 
On the other hand, in some orders as Coleoptera, these cell 
groups are located at the apical side of the mature cells through 
the gut muscle layers (47). In our results, regenerative cell nidi 
were observed at the basal side of the epithelial layer of ileum in 
the last instar nymphs of C. fuscus fuscus. This may be due to the 
high requirement for regeneration of the ileum due to being in 
one of the stages of development.

The innermost layer of the ileum of nymphal C. fuscus fuscus 
shows an intima which has a cuticular layer and is folded along 
the epithelial cell layer. The cuticular intima layer is similar to 
the one observed in the ileum of P. cervus, C. bifida, Apis mellifera 
(Hymenoptera, Apidae), L. migratoria, Pylaemenes mitratus 
(Phasmatodea, Heteropterygidae), and C. pomona, which were 
compared in this study. The cuticular layer is thin in the last instar 
nymphal C. fuscus fuscus, Cephalotes pusillus (Hymenoptera, 
Formicidae), Cephalotes clypeatus (Hymenoptera, Formicidae), 
and Cephalotes atratus (Hymenoptera, Formicidae). The 
thickness of the cuticular layer is related to the roles of the 
ileum in absorption in these insects (13,16,20,29,35,39,48). 

The outer surface of the epithelial cell layer is surrounded by 
layers of circular and longitudinal muscles in C. fuscus fuscus, C. 
pusillus, C. clypeatus, and C. atratus; however, while the muscle 
tissue of ileum in C. pusillus, C. clypeatus, and C. atratus is thick, 
the one in the last instar nymphal C. fuscus fuscus is rather thin 
in some regions, and other regions have medium thickness. The 
ileum in M. desertus has only circular muscle layer surrounding 
the ileum wall (16,18). 

CONCLUSION

This study was conducted to provide a fundamental knowledge 
about the last instar nymphal C. fuscus fuscus. This species will 
contribute to the data on the families of Orthoptera and the 
other orders. Future comparative taxonomical, histological, and 
ultrastructural studies about the alimentary canals of insects 
can be conducted between other species of different insect or-
ders.
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INTRODUCTION

Snake venoms are complex molecular cocktails consist-
ing mainly of bioactive peptides and proteins including 
enzymes (such as serine and metalloproteinase, phos-
pholipase A2, hyaluronidase, L-amino acid oxidase, nu-
cleotidase), non-enzymatic proteins (e.g. cysteine-rich 
secretory protein, disintegrin, vascular endothelial 
growth factor, nerve growth factor, C-type lectin) and 
smaller peptides (e.g. bradykinin-potentiating peptides, 

protease inhibitor peptides) (1-3). Snake venoms also 
contain some minor compounds such as carbohydrates, 
nucleosides, biogenic amines, various carboxylic acids 
and inorganic elements (4,5). Snake venoms, an import-
ant source of bioactive proteins, have attracted research-
ers in the past. Drugs and diagnostic kits were developed 
using snake venom peptides and proteins (2,6-8).

Macrovipera lebetina (Serpentes: Viperidae: Viperinae) is 
a relatively big viper species which could reach up to 
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ABSTRACT

Objective: Snake venoms are rich sources of bioactive molecules and have been investigated using various bioanalytical 
methods. Fourier transform infrared (FTIR) spectroscopy is a sensitive method that can be used to analyze biological samples. 
The aim of this study is to apply the FTIR spectroscopy method for the characterization of snake venom.

Materials and Methods: The study characterized the lyophilized crude venoms of Macrovipera lebetina lebetina and 
M. l. obtusa by FTIR spectroscopy coupled with attenuated total reflectance (ATR) method in the mid-infrared region and 
compared the spectra between the two subspecies. The band area and intensity values were calculated for comparison and 
wavenumbers were detected by automated peak picking. Additionally, the study analyzed the secondary structure of venom 
proteins by using the second derivative spectra. 

Results: The study detected fourteen major and minor peaks in absorbance spectra which were assigned to various 
biomolecules such as proteins, carbohydrates, and nucleic acids. Four major sub-bands were observed in the second 
derivative spectra of Amide I-II region indicating different protein secondary structures. It was observed that there are some 
quantitative differences and peak shifts between the spectra of venoms of two subspecies, indicating the alteration of 
biomolecules. 

Conclusion: To the best of our knowledge, this is the first report of the use of the FTIR-ATR spectroscopy method focusing 
solely on the characterization of crude snake venoms in literature, accompanied with detailed peak assignment and protein 
secondary structure analysis. As a preliminary reference study, the results showed the usefulness of FTIR-ATR spectroscopy for 
the physicochemical characterization of lyophilized snake venom.

Keywords: Fourier transform infrared spectroscopy, snake venom, viper, Macrovipera lebetina
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2 meters long and has a wide geographical range from north-
ern Africa to Pakistan and Kashmir, reaching to Kazakhstan and 
Dagestan (southwestern Russia) in the North, including Turkey 
and Cyprus (9-11). Although the taxonomic status of some sub-
species is still in question, it is accepted that nominate taxon M. 
l. lebetina (Linnaeus, 1758) inhabits Cyprus (11-13). The south-
ern and southeastern Anatolia populations were treated as M. l. 
euphratica (Martin, 1838) in the past but this name is generally 
synonymized under M. l. obtusa (Dwigubsky, 1832) today (12). 
M. l. obtusa has a geographical range from Mersin to south-
eastern, southern, and northeastern Anatolia in Turkey while 
M. l. lebetina is restricted to Cyprus island (10-13). M. lebetina is 
largely responsible for the harmful snakebite-cases in its world-
wide range as well as in Turkey and it is the only venomous vi-
per species occurring in Cyprus (12,14,15).

Fourier transform infrared (FTIR) spectroscopy is a fast, robust, 
sensitive, and widely-used vibrational spectroscopy method. The 
working principle is the formation of different vibrational modes 
of the chemical groups in molecules after absorbing infrared ra-
diation (16,17). Due to the non-destructive and non-invasive na-
ture of infrared radiation, this method is widely applied to biolog-
ical and biomedical studies today (18-21). Each vibration type has 
its specific frequency of absorption which can be associated with 
various bioorganic molecules in biological samples. The amounts 
of biomolecules can be assessed in a comparative manner using 
the band intensities and areas (18,19). Moreover, information re-
garding the secondary structures of proteins can be obtained by 
spectral interpretation (17,19,20,22).

Since the major elements of crude snake venoms are proteins 
and peptides, researchers have been focusing on their pro-
teomic characterization using various bioanalytical methods 
suitable for protein separation and analysis such as polyacryl-
amide gel electrophoresis, liquid chromatography, and mass 
spectrometry (3,23-28). Venom of the subspecies of M. lebetina 
has also been an important source in many studies aimed to 
purify proteins and make proteomic and biological character-
ization (3,25,29). Major protein families of M. lebetina venom 
are metalloproteinase, serine proteinase, phospholipase A2, 
L-amino acid oxidase, hyaluronidase, disintegrin, C-type lectin, 
cysteine-rich secretory protein, vascular endothelial growth 
factor, nerve growth factor, bradykinin-potentiating peptides, 
and protease inhibitor peptides (3,25,29). These proteins give 
the venom its unique pharmacological properties such as anti-
coagulant, cytotoxic and antimicrobial activities.

The Fourier Transform Infrared Spectroscopy method was used 
to analyze the secondary structures of purified snake venom 
toxins (30-33) and their complexes with nanomaterials (34,35). 
In one study, the FTIR spectrum of Echis carinatus venom was 
published together with its chitosan nanoparticle complex 
but the results were used for comparative purposes to assess 
the loading efficiency and it was not aimed to make a venom-
ic characterization (36). Another study, by Shafiga and Huseyn 
(37), reported some IR peaks of M. l. obtusa venom as a part 
of their results but their data was limited. There is no detailed 

published study focusing solely on the application of FTIR spec-
troscopy for the characterization of crude snake venoms which 
provides detailed band assignments, to the best of authors’ 
knowledge. The present study aimed to make physicochemical 
characterization of crude snake venoms by FTIR-ATR spectros-
copy using the venoms of M. l. lebetina and M. l. obtusa as rep-
resentative materials and assess the method’s usefulness in the 
field of toxinology.

MATERIALS AND METHODS

Venom Samples
In this study, we used the pooled venoms of two adult M. l. lebetina 
and two adult M. l. obtusa individuals collected from The Turk-
ish Republic of Northern Cyprus (Selvilitepe and Dikmen) and 
southeast Turkey (Egil/Diyarbakir and Suruc/Sanliurfa), respec-
tively. The venom samples were extracted from vipers using a 
paraffin-covered laboratory beaker and without applying any 
pressure on the venom glands. Authors had ethical permission 
for venom extraction at the time of the study (Ege University 
Animal Experiments Ethics Committee, permit number 2010-
43). After extraction, venom samples were centrifuged at 2000 
× g for 10 min at 4°C. Supernatants were collected, frozen at 
-80°C and then lyophilized by using a bench-top freeze-dryer 
(Millrock Technology, Kingston, NY, USA). Lyophilized samples 
were kept at 4°C until used.

FTIR Data Collection and Evaluation
Lyophilized venom samples were measured using a universal 
attenuated total reflectance (ATR) cell (Pike Technologies, Wis-
consin, USA) connected to an FTIR device (Bruker Tensor 27, 
Bruker Optics GmbH, Ettlingen, Germany) equipped with a 
liquid nitrogen cooled photovoltaic mercury cadmium tellu-
ride detector. High-purity nitrogen gas was purging during all 
the measurements. Air was subtracted automatically before all 
sample measurements. Spectra of the venom samples were re-
corded in the mid-infrared region, between 4500-850 cm-1 wav-
enumbers and interferograms were accumulated for 50 scans 
at 4 cm-1 resolutions at room temperature in the single-bounce 
ATR mode. A small amount of the sample, enough to cover the 
ZnSe ATR crystal, were placed and compressed with a clamp. 
Each sample was measured in triplicate and the average spectra 
was used for analyses.

Spectral data interpretation was performed by OPUS 5.5 soft-
ware (Bruker). Automated peak picking was performed in order 
to determine wavenumber values. Min-max normalization was 
applied with respect to the Amide I peak (at 1644 cm-1) for illus-
trative purposes. Spectra were baselined using an automated 
multipoint method and band areas were calculated by integra-
tion. Band areas were normalized by dividing the value of each 
band to the total spectrum area in order to minimize technical 
variation (21). Second derivatives of the absorbance spectra, in 
which absorption maxima appear as minima, were calculated 
using Savitzky-Golay algorithm. Relative intensity values of the 
second derivative peaks in the Amide I-II region (1700-1500 
cm-1) were used to assign protein secondary structures (20-22, 
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38). Relative intensities were calculated using the arbitrary unit 
values on the y-axis after lining a reference baseline at the min-
imum point of the spectrum in Amide I-II region.

RESULTS

As a result of the FTIR measurements, 14 significant peaks were 
detected in the spectrum of M. l. obtusa and M. l. lebetina venom 
in the mid-infrared region between 4500-850 cm-1 (Figure 1). A 
majority of the characteristic peaks were observed between 
1800 and 850 cm-1 wavenumbers. The wavenumber of each 
peak was determined by automated peak picking and the ar-
eas under the bands were calculated by integration (Table 1). 
Table 1 also includes the definitions of the spectral assignments 
for each major absorbance peak observed in the present study, 
with their wavenumbers (see the Discussion section for a de-
tailed explanation of the peak assignment process).

The characteristic peaks arising from the protein backbone 
such as Amide A, B, I, II and III were observable on the spectra 
of M. lebetina venom (Figure 1, Table 1). The major bands with 
the highest intensities were Amide I at 1644 cm-1 and Amide II 
at 1543 cm-1 wavenumbers (Figure 1, Table 1). Sub-bands were 
obtained by derivatization (second derivative) in the Amide I-II 
region, ranging between 1700-1500 cm-1 to obtain information 
about the protein secondary structures. Two major sub-bands 
and three minor shoulders were observed in this region after 
derivatization in the present study (Figure 1). The wavenumbers 
were assigned to the secondary structures of the proteins by 
comparing the data previously published in the literature (see 
Discussion) and presented in Table 1 with their intensity values. 
According to our results, overall venom proteins of M. lebetina 
subspecies predominantly have α-helix and unordered (random 
coil) secondary structures. The second derivative spectra in the 

Amide I-II region of two subspecies were similar. However, some 
quantitative differences and band shifts were observed (Table 
1, Figure 1), which will be discussed in the next section.

DISCUSSION

We characterized crude venoms of two subspecies of M. lebetina 
(M. l. lebetina and M. l. obtusa) by using FTIR spectroscopy cou-
pled with the ATR method. As a fast, robust, and sensitive ana-
lytical method, FTIR has been used not only in chemistry but 
also in biological and biomedical studies (18). In the present 
study, a majority of the characteristic peaks were observed be-
tween 1800 and 850 cm-1 wavenumbers, which is considered a 
fingerprint region in FTIR spectroscopy (18-21). All the absor-
bance peaks were assigned to various vibrational modes asso-
ciated with biomolecules such as proteins, nucleic acids, and 
carbohydrates comparing the frequencies with those in the 
related literature previously published elsewhere (18,20-22, 39-
46). This is a routine and widely-accepted procedure for the FTIR 
spectroscopic investigation of biological materials, relying on 
information obtained from published literature (18,42,46). As a 
result of scientific research in this field, very detailed reference 
papers as well as textbooks are available today (18,19,22,38-53).

Peak assignment in FTIR spectroscopic studies includes two 
steps: The peaks observed in an FTIR spectrum gives informa-
tion about the vibrational modes of specific functional groups. 
Absorbance peaks of many of the functional groups in the IR 
spectrum were characterized in previous studies (generally us-
ing pure model molecules) and this information can be found in 
published papers and textbooks (18,20-22,39-46). Associating 
the vibrational definitions to particularly more complex mole-
cules (such as bioorganic macromolecules) is the second step 
and depends on the sample. If one knows that the analyte is a 
biological sample, peaks can be assigned to functional groups 
of major and minor biomolecules. Since the most abundant 
macromolecules in cells and biological fluids are proteins, car-
bohydrates, nucleic acids and lipids, the major peaks observed 
in the FTIR spectrum generally arise from various functional 
groups of these macromolecules (18,19,40,42,46). Snake venom 
is a secretion of cells covering the lumen of the venom gland, 
a biological fluid consisting mainly of proteins. Carbohydrates, 
biological amines, nucleotides, and nucleic acids can also be 
found as minor constituents (5). In the light of this knowledge, 
peaks in the FTIR spectrum of a snake venom can be assigned 
to these molecules using previously published papers in which 
FTIR peak information of tissue or cells is available.

Among the observed peaks in the present study, asymmetric 
and symmetric C-H stretching vibrations of CH3 and CH2 groups 
give rise in the region between 2950-2860 cm-1 wavenumbers, 
which originate from proteins and lipids in biological samples 
(18,20,21,39-42,46). Peaks around 1446-1443 cm-1 can be as-
signed to CH2 and CH3 bending of lipids and amino acid side 
chains of proteins, respectively (40,42,46). Since snake venom 
predominantly consists of proteins, these bands can be as-
signed mainly to proteins rather than lipids for snake venoms. 

Figure 1. Overlayed FTIR spectra of Macrovipera lebetina lebetina 
and M. l. obtusa venoms showing absorbance spectra between 
3800–850 cm-1 wavenumbers and second derivative spectra 
of Amide I and II peaks demonstrated as sub-bands. Arabic 
numbers correspond to the peaks in the absorbance spectrum 
while roman numerals refer to the sub-peaks of the second 
derivative spectrum (see Table 1 for peak assignments)
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Table 1. Assignments of the FTIR peaks of venom samples with their chemical bond definitions. Band area values were given for 
the absorbance peaks (1-14), whereas relative intensity values were used for the second derivative peaks (I-IV).

Peak 
Number

Wavenumber, 
cm-1 (lebetina/

obtusa)

Normalized Area 
or Intensity* 

(lebetina/obtusa)

Definition of the 
Spectral Assignment

Related Bioorganic 
Molecules in Snake 

Venom
Reference

1 3289/3287 0.232/0.210

Amide A, N‒H 
stretching of proteins 
and amines (mainly), 

with contribution 
from O‒H stretching of 

carbohydrates

Proteins (mainly), 
carboxylic acids, 
carbohydrates

(18,20,40,41,45,46)

2 3080/3081 0.032/0.027 Amide B, N‒H stretching Proteins (mainly) (18,40,45,46)

3 2964/2963 0.017/0.012
CH3 asymmetric 

stretching
Proteins (39–41,46)

4 2938/2939 0.015/0.013
Asymmetric CH2 

stretching
Proteins (42,46)

5 2879/2876 0.009/0.007 Symmetric CH3 stretching Proteins (mainly) (18,39,41,46)

6 1644/1644 0.168/0.174

Amide I; 80% C=O 
stretching, 10% N‒H 
bending, 10% C‒N 

stretching

Proteins (18,20,21,38-41,45,46)

7 1543/1543 0.154/0.171
Amide II; 60% N‒H 
bending, 40% C‒N 

stretching
Proteins (18,20,21,38,40,41,45,46)

8 1446/1443 0.037/0.034 CH3 asymmetric bending Proteins (40,42,46)

9 1395/1393 0.065/0.075 CH3 symmetric bending
Amino acid side 
chains, methyl 

groups of proteins
(18,20,40,41)

10 1313/1313 NC**

Amide III; C‒N stretching 
(30%), N‒H bending 

(30%), C=O stretching 
(10%), O=C‒N bending 

(10%)

Proteins (21,40,45,46)

11 1246/1246 0.093/0.097
PO2

- antisymmetric 
stretching (non 

H-bonded)

Nucleic acids 
(mainly), 

phospholipids, 
phosphorylated 

proteins

(18,20,21,40,42,46)

12 1110/1111 0.060/0.067
C‒O stretching, C‒C 

stretching (ring)
Carbohydrates, 

nucleic acids
(40,42)

13 1077/1077 0.079/0.077
PO2

- symmetric stretching 
(fully H-bonded

Nucleic acids, 
nucleotides

(18,21,40,41,42,46)

14 893/892 0.034/0.030
Different modes of 

phosphodiester bonds, 
C‒C, C‒O stretching

Nucleic acids (20,40,42,46)

I-shoulder 1683/1683 NC**
β-sheet, β-turns and 

bends
Proteins (38,44-46)

I 1645/1646 0.095e-3/0.150e-3
Disordered structure 

(random coils), overlaps 
with α-helical structure

Proteins (38,44-46)

II 1580/1580 0.023e-3/0.041e-3 Amino acid side chains Proteins (45)
III 1544/1543 0.063e-3/0.103e-3 α-helix, random coils Proteins (44,45)
IV 1516/1516 0.071e-3/0.048e-3 Amino acid side chains Proteins (45,46)

* Area values were used for absorbance peaks while intensity values for second derivative peaks; ** NC: Not calculated; because these peaks/shoulders were too weak.
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Similarly, a peak at 1446 cm-1 was assigned to CH3 bending of 
amino acid side chains. Two peaks at 1246 and 1077 cm-1 arise 
from PO2- stretching modes of nucleotides and nucleic acids and 
phosphoproteins in biological samples (18,20,21,40,41,42,46).

Detailed studies on the FTIR spectroscopic characterization of 
proteins in H2O and D2O revealed band patterns which can be 
used to identify proteins, secondary structures, and amino acid 
side chains (18,22,38,42-46). The major absorption bands in an 
IR spectrum of pure proteins are mainly associated with their 
amide group (i.e. peptide bond). The characteristic bands of 
proteins arise from C=O, C-N, N-H stretching, N-H bending and 
O-C-N bending modes of their amide groups and therefore la-
belled as Amide bands (e.g. Amide I-VII, A, B) (17-21). The Amide I 
band originates from C=O stretching (80%), N-H bending (10%) 
and C-N stretching (10%) modes of proteins. Similarly, the Am-
ide II band arises from N-H bending (60%) and C-N stretching 
(40%) vibrations of amide groups and takes a significant con-
tribution from proteins (18,20,21,38,41,44-46). The percentages 
written in parentheses were calculated by the potential energy 
distribution approach in previous studies, reflecting the rela-
tive contribution of a specific mode to the total change in po-
tential energy during vibration (54). A strong band rising from 
N-H stretching vibrations between 3310-3270 cm-1 is referred 
to as Amide A band of proteins (45,46) and a weaker band ris-
ing again from N-H stretching modes between 3100-3030 cm-1 
is named Amide B band (45,46). A weak band near 1300 cm-1 
originates from C-N stretching (30%), N-H bending (30%), C=O 
stretching (10%) and O=C-N bending (10%) modes of proteins 
is called the Amide III band (44-46). These bands were also ob-
servable in the IR spectrum of M. lebetina venom.

Sub-bands obtained by derivatization (e.g. second derivative) 
in the Amide I-II region, ranging between 1700-1500 cm-1 
provides information about the protein secondary structures. 
The Amide I band is generally preferred for analyzing protein 
structures but the Amide II band can also be used for the same 
purpose (38,43-46). It is a widely-applied procedure to obtain 
information about secondary structures of proteins by spectral 
interpretation using FTIR data since previous studies using pure 
peptides and proteins provided knowledge for this practice by 
relating specific frequencies to particular protein secondary 
structures (38,43-46,54). Exact frequencies of sub-bands in the 
Amide I-II region depend on the H-bonding, involving the am-
ide group, which is determined by the secondary structure (46). 
In the present study, wavenumbers were assigned to the sec-
ondary structures of proteins by comparing the reference data 
previously published in the literature (38,44-46).

Analyzing biological samples gives insight about the unique bio-
molecular content and provides information about the amounts 
of these compounds, as well as molecular alterations (19,42,46). 
This method also provides an opportunity to analyze the protein 
secondary structures and structural changes (38,46). There are 
many published papers on the use of FTIR spectroscopy coupled 
with multivariate statistical analysis for the elucidation of molec-
ular mechanisms and the diagnosis of various diseases such as 

cancers, (21,47,48) metabolic disorders (20,41), the classification 
of microorganisms (49,50), plants (51), and food products (52,53).

In the field of toxinology, FTIR spectroscopy has been used to an-
alyze the secondary structure of purified snake venom proteins 
(30-33) but there is scarce data on the physicochemical character-
ization of crude snake venoms. In one study, the influence of eco-
logical factors on the venom of M. l. obtusa (from Azerbaijan) was 
investigated by radiobiological and biophysical (spectroscopic) 
methods (37). The researchers also made an IR spectroscopic 
characterization using the KBr pellet method, but they present-
ed neither a detailed assignment list associated to venom mole-
cules nor protein secondary structure information. Moreover, the 
resolution of spectrum figures did not allow an investigation of 
spectral patterns and the spectrum in two out of three figures 
seemed too noisy, making clear peak picking not possible. The 
study reported peaks at 3300, 3100, 3020, 2570, 2100-2260, 1480, 
1460, 1350, 1100 cm-1 wavenumbers. It assigned peaks above 
3000 cm-1 to N-H stretching, while others to various C-H modes. It 
also identified peaks between 3100-3700 cm-1 as an indication of 
the presence of S atoms, but characteristic bands of S containing 
groups lie below 2600 cm-1 (46). Possible S-H stretching peaks in 
this region are generally too weak to observe. The research data 
contained significant differences when compared to the results 
of this study. The most important protein bands (i.e. Amide I, II) 
were lacking in the previous study’s reported peaks, which was 
surprising since the major component of snake venom is pro-
tein. Moreover, that study did not report any peak assigned to 
PO2- stretching modes. This current study presents a more com-
prehensive and complete FTIR spectroscopic characterization of 
both M. l. obtusa and M. l. lebetina.

In another study, chitosan nanoparticles alone and loaded with 
Echis carinatus venom were measured by FTIR spectroscopy but 
the spectrum was dominated by peaks originated from chitosan 
nanoparticles so that it was not possible to obtain information 
from snake venom (35). After this study, the same group inves-
tigated the efficiency of E. carinatus venom loaded chitosan 
nanoparticles as antigen carrier for antivenom production and 
they provided the FTIR spectrum of E. carinatus venom obtained 
by the KBr pellet method together with chitosan, chitosan 
nanoparticles and E. carinatus venom loaded chitosan nanopar-
ticles in the same figure (36). It was not easy to discriminate the 
venom spectrum from the figure published in the results and it 
only reported that a venom sample showed peaks around 3305, 
1650 and 1541 cm-1 wavenumbers which correspond to the Am-
ide A, Amide I and Amide II peaks, respectively. These peaks were 
also visible in the FTIR spectrum of M. lebetina venom obtained 
in the present study with slightly shifted wavenumbers, due to 
the protein-based nature of snake venoms. Since the aim of the 
study by Mirzaei et al. (36) was to investigate the formation of 
venom loaded nanoparticles, the researchers focused on the 
spectra of nanoparticles and did not provide a detailed FTIR 
spectroscopy-based biomolecular characterization of the ven-
om sample. With the use of state-of-the-art -omics technologies 
and approaches such as genomics, transcriptomics, proteomics 
and metabolomics in toxinology, the characterization of unex-
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plored animal venoms can be done faster and more reliably to-
day. Within the context of systems biology and -omics approach, 
FTIR spectroscopy has the potential to provide complementary 
information for the characterization of snake venoms.

This study optimized the FTIR-ATR procedure, which allowed us 
to detect absorbance peaks characterizing the major and minor 
biomolecules in venom samples. Moreover, information about 
the overall protein secondary structures was obtained by ana-
lyzing a second derivative spectrum of the Amide I and Amide II 
region. As a result, major structures were found as random coil 
and α-helix, taking contributions from β-sheet structures. This 
finding is concordant with three dimensional structures of snake 
venom C-type lectins (55), phospholipase A2s (56), metallopro-
teinases (57), and serine proteinases (58), which are also the 
most abundant proteins in the venom of M. lebetina (3,25,59). 
Each species has a unique combination of proteins in their ven-
oms and this method can be used to obtain information reflect-
ing the dominant secondary structures of abundant venom pro-
teins, as well as to make comparisons between different species 
and individuals. The study found that the absorbance spectra of 
two subspecies were quite similar, as an expected result of the 
research. However, there were some quantitative, qualitative al-
terations and peak shifts in both absorbance and second deriva-
tive spectra. The Peak II and Peak IV in second derivative spectra 
originating from amino acid side chains clearly showed a differ-
ence between subspecies (Figure 1) and this result emphasized 
the potential of second derivative spectrum in Amide I-II region 
for the differentiation of venom samples.

Differences in the area or intensity values of the bands indi-
cate that the amount of venom compounds show variation 
between subspecies. Inter and intraspecies variation in snake 
venoms is a well-known phenomenon (60) which can explain 
the differences we observed in the present study. Moreover, 
the venom proteins of M. l. lebetina and M. l. obtusa were pre-
viously compared by using two-dimensional polyacrylamide 
gel electrophoresis (2D-PAGE) method and results showed 
that there was a variation between these two taxa (3). Al-
though the FTIR spectroscopy method gives resulting peaks 
rising from different vibrational modes of overall molecules 
in the sample, the results of the present study showed that 
its sensitive measurement can provide data especially in the 
second derivative spectrum in Amide I-II region to uncover the 
venom variation between different taxa.

Major absorbance peaks observed in the present study such as 
Amide A, B, I, II and III arise from proteins (Table 1), which was 
an expected result since snake venoms mainly consist of pro-
teins and peptides (1-3). Additionally, some other peaks were 
observable originating from other biological macromolecules 
such as nucleic acids and carbohydrates. The main bioactive 
compounds responsible for the pharmacological properties of 
snake venoms are proteins and peptides but the other mole-
cules such as amines, nucleosides, carbohydrates and inorgan-
ic elements, which can be referred to as minor components, 
contribute to the activity of these proteins (4). The Fourier 

transform infrared spectroscopy method provides information 
about all the bioorganic molecules allowing the researchers to 
analyze minor components of crude venoms. There was little 
information in the literature about the aforementioned minor 
components of snake venom, except some very old research. 
Recently, in a study by Villar-Briones and Aird (5), small metab-
olites and peptides were screened in the venom of 15 different 
taxa belonging to Elapidae, Viperinae and Crotalinae by using 
liquid chromatography-mass spectrometry (LC-MS) which re-
visited the small organic molecule content of snake venoms. 
They detected carboxylic acids, purine nucleosides and their 
bases, neurotransmitters, amines, amino acid residues, and 
peptides as abundant small organic molecules.

We observed C-O and C-C stretching vibration modes originat-
ing from carbohydrates. Although old publications reported 
the presence of sugars such as galactose, glucose, mannose 
and fucose in some Viperid and Elapid species (61), observed 
peaks may also arise from the carbohydrate moieties of nucle-
osides, nucleotides (4,5) and venom glycoproteins (5,62). Poly-
saccharides are not reported from snake venoms. This research 
also detected peaks characterizing PO2- stretching modes 
mainly arising from nucleic acids and nucleotides. The presence 
of nucleosides in snake venom and its role in toxicity was doc-
umented but there was limited information on free nucleotides 
(4,5). However, it is known that snake venom contains ribonu-
cleic acid (RNA) (63,64) and deoxyriboucleic acid (DNA) (65,66), 
which comes from the cells covering the lumen of the venom 
gland. In line with this information, it is highly possible that 
peaks originating from PO2- stretching vibrations in the FTIR 
spectrum arise mainly from nucleic acid backbone and nucle-
osides. Phosphate groups of phosphorylated proteins may also 
contribute to these bands. Stretching vibration peaks of CH2 
and CH3 groups were also observed which may originate from 
proteins and lipids but there is scarce information on the occur-
rence of lipids in snake venom (4) and more studies should be 
conducted on this topic.

CONCLUSION

In conclusion, we applied the FTIR-ATR method for crude snake 
venom analysis and obtained the molecular fingerprint spec-
trum of M. l. lebetina and M. l. obtusa venom samples in the 
mid-IR region. This method is fast, sensitive to molecular alter-
ations and does not require time-consuming sample prepara-
tion, which is suitable for the direct measurement of lyophilized 
venom samples. It provides rapid information about not only 
proteins, but also minor constituents of snake venoms. Al-
though this method is not sufficient alone to fully characterize 
an unexplored venom, once the spectral libraries including data 
from different known species is obtained it may be possible to 
classify and identify venom samples using multivariate statisti-
cal analyses such as hierarchical cluster analysis and principal 
component analysis coupled with linear discriminant analysis, 
as well as to make quality control and stability testing of crude 
venom products. These kinds of classifications of biological 
samples were successfully achieved by FTIR spectroscopy (47-
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52). Moreover, this method can be used to assess the individual 
venom variation. The results of this study show the usefulness 
and feasibility of this method in the field of toxinology. It also 
provides a peak assignment table which will be useful for oth-
er similar studies as a reference list. Although the absorbance 
spectra of two subspecies were almost identical (except some 
quantitative differences), the second derivative spectra showed 
differences in the Amide I-II region. Therefore, the second deriv-
ative spectra should be taken in consideration in similar studies. 
The sample size of this study was not enough to perform sta-
tistical analyses but this approach deserves further studies in-
cluding more individual venom samples from different species 
and families to test the sensitivity and specificity of the meth-
od supported with univariate and multivariate statistics. Such 
studies will reveal the potential of this method for classifying 
crude venoms by using chemometric analyses.
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INTRODUCTION

Diabetes mellitus, which is a carbohydrate metabo-
lism disease, causes complications by increasing the 
risk of neuropathy, retinopathy, and cardiovascular 
disease if left untreated (1,2). In a report of the World 
Health Organization, it is reported that these diseases 
and complications cause direct medical costs, loss of 
wok and wage losses and significant economic losses 
(3). Type 2 diabetes is more common among cases of 
diabetes mellitus and occurs mainly in adults; howev-
er, it is becoming increasingly popular in adolescents. 
Type 2 diabetes, which is caused by insulin resistance 

or loss of function of pancreatic β-cells, is estimated to 
affect around 150 million people worldwide (4). Endog-
enous factors, such as genetic and metabolic abnor-
malities, and exogenous factors, such as behavior and 
the environment, constitute the pathogenesis of type 
2 diabetes (5). Type 2 diabetes causes increased blood 
sugar levels in diabetic patients. Today, the most widely 
accepted method in the treatment of type 2 diabetes 
is monitoring and controlling hyperglycemia. Digestive 
enzymes such as α-amylase, and α-glucosidase have a 
key role in determining blood sugar levels. α-Amylase 
is involved in the breakdown of long-chain carbohy-
drates, while α-glucosidase directly converts carbohy-
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ABSTRACT

Objective: Diabetes mellitus is a worldwide metabolic/endocrine disease that causes major medical problems. One of the 
most important strategies used in the therapy of the diabetes mellitus is the use of inhibition of α-glucosidase and α-amylase 
enzymes. Therefore, this study aimed to investigate antidiabetic activities of the hexane and methanol extracts of the 
medicinal plants from Turkey.

Materials and Methods: The hexane and methanol extracts of Euphorbia helioscopia, Ferula elaeochytris, Sideritis albiflora, 
Sideritis stricta, Sideritis pisidica, Sideritis leptoclada, Salvia chionantha plants were prepared at room temperature. Antidiabetic 
activities of the extracts on α-glucosidase and α-amylase enzymes were determined.

Results: S. pisidica hexane extract exhibited higher α-amylase inhibitory activity than acarbose (96.60±0.08 %) used as a 
standard with an inhibition value of 97.99±0.79 % at 1000 µg/mL concentration. In terms of α-glucosidase inhibitory activities, 
the extracts were ranked in the following order: F. elaeochytris hexane extract > S. leptoclada hexane extract > S. stricta hexane 
extract > E. helioscopia hexane extract.

Conclusion: In this study, antidiabetic activities of the extracts on α-glucosidase and α-amylase enzymes of the studied 
medicinal plants were screened for the first time. It has been suggested that S. pisidica hexane extract can be used as 
antidiabetic agent.

Keywords: Medicinal plants, antidiabetic activity, extracts, α-amylase, α-glucosidase
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drates into glucose in the small intestine (6,7). α-Glucosidase 
and α-amylase inhibitors delay the digestion of carbohydrates 
and slow the rate of glucose absorption. This reduces the lev-
el of glucose in the blood cells. For the control of postprandial 
hyperglycemia as well as type 2 diabetes, inhibition of these 
enzymes has been considered therapeutically (8). Therefore, 
simultaneous administration of α-amylase and α-glucosidase 
inhibitors via food is a potential and feasible method for the 
control of type 2 diabetes (9).

Artificial inhibitors such as voglibose, acarbose and miglitol are 
used clinically for the treatment of type 2 diabetes. However, 
due to the observation of side effects of these synthetic inhib-
itors, such as gas compression in the stomach, hepatotoxicity, 
diarrhea, abdominal pain and liver diseases, studies focusing on 
the discovery of new and non-side effects inhibitors from natu-
ral sources and plants are being conducted (10-13). Many stud-
ies have shown that some plants used in traditional medicine 
have therapeutic effects on diabetic patients (14,15). More than 
400 plants worldwide have been documented as beneficial in 
the treatment of diabetes (16-19).

Salvia and Sideritis genus are the main species belonging to the 
Lamiaceae family (20). The Sideritis genus contains more than 
150 species, while the Salvia genus is represented by over 900 
species in the world (20,21). Both these species are mostly con-
sumed as tea, and used in the treatment of various diseases 
(22,23). Previous studies have revealed that the Sideritis species 
has various biological properties such antioxidant, anti-inflam-
matory, antifeedant, antimicrobial, antiviral, antinociceptive 
and antiulcer (24,25). The Salvia species is the medically import-
ant plant species due to having numerous pharmacological 
activities such as antitumor, antioxidant and wound healing, 
insecticidal, herbicidal, antifungal, antimicrobial and cytotoxic 
(26). The Ferula genus, an important member of the Apiaceae 
family, consists of more than 170 species. In folk medicine, the 
Ferula species is used in the treatment of indigestion, whooping 
cough, cramps, inflammation, epilepsy, pain, cholera, flatulent 
colic and infertility (27). Also, it has been determined that this 
species has anti-fertility, antifungal, anti-inflammatory, anti-
spasmodic, antitumor, antiviral, antiulcerogenic, cancer chemo-
preventive and antioxidant effects (28). The Euphorbia genus, 
the most well-known of the Euphorbiaceae family, is represent-
ed by approximately 2150 taxa in the world (29). Anti-inflamma-
tory, antiarthritic, antiviral, antitussives, antitumor, antiallergic, 
antiasthma and antioxidant activities of the Euphorbia species 
have been reported in earlier investigations (30). As a result of 
the studies carried out so far, it is obvious that these species 
are included in the class of aromatic plants that are considered 
biologically and medically important.

The interest of different scientific fields in natural compounds 
has increased in recent years. Medicinal plants are considered 
to be rich sources of biologically active compounds, such as 
terpenes, alkaloids and phenolics, and are responsible for mul-
tifunctional biological effects including anti-inflammatory, an-
timicrobial, antioxidant and antitumor (31). Also, an inverse re-

lationship between the consumption of fruits, vegetables, and 
plants in diets and the risk of developing chronic illness such as 
cancer, diabetes, and cardiovascular diseases has been reported. 
Therefore, this study aimed to investigate antidiabetic activities 
on α-amylase and α-glucosidase enzymes of the hexane and 
methanol extracts of Euphorbia helioscopia, Ferula elaeochytris, 
Sideritis stricta, Sideritis leptoclada, Sideritis albiflora, Sideritis 
pisidica, and Salvia chionantha. [Euphorbia helioscopia (EHH, 
EHM), Ferula elaeochytris (FEH, FEM), Sideritis stricta (SSH, SSM), 
Sideritis leptoclada (SLH, SLM), Sideritis albiflora (SAH, SAM), 
Sideritis pisidica (SPH, SPM), and Salvia chionantha (SCH, SCM)]

MATERIALS AND METHODS

Plant Materials
Euphorbia helioscopia was collected from Artvin, Turkey; Ferula 
elaeochytris from Bayburt, Turkey; Sideritis stricta, Sideritis 
leptoclada, Sideritis albiflora, Sideritis pisidica from Muğla, Turkey; 
and Salvia chionantha from Burdur, Turkey. The specimens with 
voucher numbers have been deposited at Natural Products 
Laboratory of Muğla Sıtkı Koçman University Herbarium.

Extraction
The dried and powdered aerial parts of plants were extracted 
with n-hexane (4 x 24h) at room temperature. After filtration, 
the solvent was evaporated on a vacuum by an evaporator to 
produce hexane extracts. The plant residue was dried and then 
extracted with methanol (4 x 24h) at room temperature. After 
filtration, the solvent was evaporated on a vacuum by an evap-
orator to produce methanol extracts. The hexane and methanol 
extracts were stored at +4°C for further tests.

Determination of α-Amylase Inhibitory Activity
α-Amylase inhibitory activity of the extracts was tested by using 
the method previously reported by Quan et al. with slight mod-
ifications (31). 25 µL sample solution and 50 µL α-amylase solu-
tion (0.1 units/mL) in phosphate buffer (20 mM pH=6.9 phos-
phate buffer prepared with 6 mM NaCl) were mixed in a 96-well 
microplate. The mixture was pre-incubated for 10 min. at 37 °C. 
After pre-incubation, 50 µL starch solution (0.05 %) was added 
and incubated for 10 min. at 37 °C. The reaction was completed 
by addition of 25 µL HCl (0.1 M) and 100 µL Lugol solutions. A 
96-well microplate reader was used to measure absorbance at 
565 nm. Acarbose was used as the standard compound. α-Am-
ylase inhibitory activity results are stated as as inhibition per-
centage (%) of the enzyme at 1000 μg/mL concentration of the 
extracts and 50 % inhibition concentration (IC50).

Determination of α-Glucosidase Inhibitory Activity
α-Glucosidase inhibitory activity of the extracts was performed 
using the method previously reported by Kim et al. with slight 
modifications (32). 50 µL phosphate buffer (0.01 M pH=6.9), 25 
µL PNPG (4-N-nitrophenyl-α-D-glucopyranoside) in phosphate 
buffer (0.01 M pH=6.9), 10 µL sample solution and 25 µL α-glu-
cosidase (0.1 units / mL) in phosphate buffer (0.01 M pH=6.0) 
were mixed in in a 96-well microplate. The mixture was incu-
bated for 20 min. at 37 °C. To stop reaction, 90 µL sodium car-
bonate (0.1 M) was added and a 96-well microplate reader was 
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used to measure absorbance at 400 nm. Acarbose was used as 
the standard compound. α-Glucosidase inhibitory activity re-
sults are stated as inhibition percentage (%) of the enzyme at 
500 μg/mL concentration of the extracts and as 50 % inhibition 
concentration (IC50).

Statistical Analysis
All data on the antidiabetic activities were determined as the 
averages of three parallel sample measurements. The data were 
registered as the mean ± S.E.M. Student’s t test was used to eval-
uate important differences between the means, and p values 
<0.05 were accepted as substantial.

RESULTS 

The hexane and methanol extracts of E. helioscopia, F. elaeochytris, 
S. albiflora, S. stricta, S. pisidica, S. leptoclada, S. chionantha plants 
were prepared at room temperature. α-Amylase and α-glucosi-
dase inhibitory activities of the extracts were tested spectropho-
tometrically. Acarbose was used as the standard compound. Ta-
ble 1 shows α-amylase and α-glucosidase inhibitory activities of 
the extracts of the studied plant species. The inhibitory activities 
on α-amylase of the hexane extracts of the plant species are given 
in Figure 1. The inhibitory activities on α-glucosidase of the hex-

ane extracts of the plant species are given in Figure 2. The hexane 
extracts showed higher inhibitory activity on α-amylase than the 
methanol extracts. The highest inhibitory activities on α-amylase 
at 1000 µg/mL concentration were observed in S. pisidica hexane 

Table 1. α-Amylase and α-glucosidase inhibitory activities of the extracts of plant speciesa

α-Amylase Inhibitory Activity α-Glucosidase Inhibitory Activity

Plants species Extracts Code
Inhibition (%) 

(at 1000 µg/mL)
IC50 

(µg/mL)
Inhibition (%)
(at 500 µg/mL)

IC50

(µg/mL)

E. helioscopia Hexane EHH 31.58±0.17 >1000 1.95±0.06 >500

Methanol EHM 11.85±0.56 >1000 NAb >500

F. elaeochytris Hexane FEH 42.14±0.30 >1000 14.24±0.82 >500

Methanol FEM 8.62±0.00 >1000 NAb >500

S. albiflora Hexane SAH 45.45±0.22 >1000 NAb >500

Methanol SAM 21.94±0.95 >1000 NAb >500

S. leptoclada Hexane SLH 34.68±0.34 >1000 11.08±0.73 >500

Methanol SLM 20.09±0.05 >1000 NAb >500

S. pisidica Hexane SPH 97.99±0.79 413.53±0.18 NAb >500

Methanol SPM 17.11±0.15 >1000 NAb >500

S. stricta Hexane SSH 46.77±1.04 >1000 7.10±0.81 >500

Methanol SSM 18.21±0.70 >1000 NAb >500

S. chionantha Hexane SCH 60.68±0.04 >1000 NAb >500

Methanol SCM 6.35±0.11 >1000 NAb >500

Standard Acarbose 96.60±0.08 21.63±0.01 67.01±2.28 378.66±0.14

a Values represent the means ± SEM of three parallel sample measurements (p < 0.05). 
b NA: not active.

Figure 1. α-Amylase inhibitory activities of the hexane extracts 
of plant species. EHH: E. helioscopia hexane extract, FEH: F. 
elaeochytris hexane extract, SAH: S. albiflora hexane extract, SLH: 
S. leptoclada hexane extract, SPH: S. pisidica hexane extract, SSH: 
S. stricta hexane extract, SCH: S. chionantha hexane extract
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extract (SPH) (97.99±0.79 %), S. chionantha hexane extract (SCH) 
(60.68±0.04 %), S. stricta hexane extract (SSH) (46.77±1.04 %) and 
S. albiflora hexane extract (SAH) (45.45±0.22 %), respectively (Ta-
ble 1). Also, against α-amylase, SPH extract was found to be more 
active than acarbose (96.60±0.08 %) with an inhibition value of 
97.99±0.79 % at 1000 µg/mL concentration. In terms of inhibitory 
activities on α-glucosidase enzyme, the extracts were ranked in 
the following order: F. elaeochytris hexane extract (FEH)> S. lep-
toclada hexane extract (SLH)> S. stricta hexane extract (SSH)> E. 
helioscopia hexane extract (EHH). The other extracts showed no 
α-glucosidase inhibitory activity. The highest activity of the hex-
ane extracts is considered to be related to the non-polar com-
pounds contained.

DISCUSSION

Enzyme inhibition, considered a significant area of pharma-
ceutical research, has allowed the discovery of a wide variety 
of drugs that have previously been useful in a number of dis-
eases. The activity of the enzymes is blocked by the interaction 
of their specific inhibitors. Enzyme inhibitors, which have been 
used to treat a wide range of physiological conditions, are of 
great importance as drugs (33). Currently, one of the therapeu-
tic methods used in the therapy of type 2 diabetes is the inhibi-
tion of α-amylase and α-glucosidase to reduce the reabsorption 
of glucose in the intestine. α-Amylase is the enzyme responsible 
for the initial stage of hydrolysis of complex carbohydrates to an 
oligosaccharide and disaccharide mixture in the intestinal mu-
cosa. These sugars are broken down into monosaccharides by 
the effect of α-glucosidase (34).

Medicinal plants are extremely important natural resources 
for discovering new drug molecules due to the pharmaco-
logic properties such as antioxidants, cytotoxic, antimicrobial, 
anti-inflammatory and antidiabetic activities (35,36). In this 
current research, in vitro inhibitory activities on α-amylase and 
α-glucosidase enzymes of the hexane and methanol extracts of 
E. helioscopia, F. elaeochytris, S. stricta, S. leptoclada, S. albiflora, 

S. pisidica, S. chionantha were evaluated. According to the ob-
tained results, when SPH extract displayed the highest α-amy-
lase inhibitory activity, FEH extract showed the best α-glucosi-
dase inhibitory activity. The hexane extracts were found to have 
higher antidiabetic activity when compared to the methanol 
extracts. This highest activity of the hexane extracts is consid-
ered to be related to the non-polar compounds contained.

In a previous report of Adımcılar et al. IC50 value of S. 
chionantha methanol extract was calculated as 43.3±2.5 µg/
mL in α-glucosidase inhibitory assay (37). α-Amylase and 
α-glucosidase inhibitory activities of the water, methanol and 
dichloromethane extracts of Salvia modesta were investigated. 
The dichloromethane extract showed the highest antidiabetic 
activity with a mean value of 0.64 and 9.48 mmol ACAE/g 
sample on α-amylase and α-glucosidase, respectively (38). 
Water, ethyl acetate and methanol extracts of Salvia cadmica 
were tested to evaluate their α-amylase and α-glucosidase 
inhibitory activities. The methanol extract exhibited 
considerable α-amylase inhibitory activity (102.28±2.09 
µmol ACEs/g dry plant) and α-glucosidase inhibitory activity 
(869.21±19.55 µmol ACEs/g dry plant) (39). The methanol 
extracts of Euphorbia denticulata parts (mix of aerial part, stem, 
flowers, leaf ) were used to evaluate inhibitory activities on 
α-glucosidase and α-amylase enzymes by Zengin et al. (40). E. 
denticulata flower extract indicated the highest activity in the 
α-glucosidase assay with an inhibition value of 10.59±0.01 
mmolACAE/g while E. denticulate mix extract was found to be 
the most active extract in α-amylase with an inhibition value 
of 0.77±0.04 mmol ACAE/g. α-Glucosidase and α-amylase 
inhibitory activities of dichloromethane and methanol extracts 
of Euphorbia milli aerial and root parts were investigated in the 
study of Sallem et al. (41). For α-glucosidase inhibition, both 
aerial methanol (1.9±0.01 mmol ACAE/g extract) and root 
methanol (1.79±0.02 mmol ACAE/g extract) extracts exhibited 
higher inhibitory potential than dichloromethane extracts. In 
the case of α-amylase, dichloromethane extracts (0.62±0.02 
mmol ACAE/g extract for aerial part, 0.55±0.01 mmol ACAE/g 
extract for root part) showed higher inhibition than the 
methanol extracts. Inhibitory activities on α-glucosidase and 
α-amylase enzymes of the methanol, acetone and chloroform 
extracts of Ferula halophila were investigated. When the 
chloroform extract demonstrated the highest α-amylase 
inhibitory activity (1.04±0.04 mmol ACAE/g extract), the 
methanol extract expressed potent α-glucosidase inhibitory 
activity (43.02±0.45 mmol ACAE/g extract) (42). In another 
study, the highest α-amylase inhibitory (0.71±0.02 mmol ACE/g 
extract) and α-glucosidase inhibitory (5.66±0.04 mmol ACE/g 
extract) activities were observed in Sideritis galatica petroleum 
ether extract (43). α-Glucosidase and α-amylase inhibitory 
activities of the ethyl acetate, methanol and water extracts of 
Sideritis ozturkii were evaluated by Zengin et al. (44). The higher 
inhibitory activity on glucosidase was found for the methanol 
(13.33 mmol ACAE/g extract) and ethyl acetate (13.81 mmol 
ACAE/g extract) extracts, while the water extract (3.60 mmol 
ACAE/g extract) was the least active. α-Amylase inhibitory 
activities of S. ozturkii extracts ranged between 0.11 and 0.63 

Figure 2. α-Glucosidase inhibitory activities of the hexane 
extracts of plant species. EHH: E. helioscopia hexane extract, FEH: 
F. elaeochytris hexane extract, SLH: S. leptoclada hexane extract, 
SSH: S. stricta hexane extract
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mmol ACAE/g extract. α-Glucosidase and α-amylase enzymes 
were used for assessing the antidiabetic activities of the hexane, 
chloroform and methanol extracts of Calamintha origanifolia, 
Satureja thymbra, Prangos asperula, Sideritis perfoliata, Asperula 
glomerata, Hyssopus officinalis, Erythraea centaurium, Marrubium 
radiatum and Salvia acetabulosa. Among the studied plant 
species, M. radiatum methanol extract exerted the highest 
inhibitory activity against both α-amylase and α-glucosidase 
with IC50 values of 61.1 and 68.8 µg/mL, respectively (45). Ekin 
et al. (46) had described antidiabetic activities of the ethanol 
extracts of Lamium purpureum var. purpureum, Origanum onites, 
Salvia sclarea, Salvia virgata and Thymus zygioides var. lycaonicus 
at 2000 µg/mL concentration. α-Glucosidase inhibitory activities 
of the extracts followed the order: T. zygioides var. lycaonicus 
(85.28±0.89%)> O. onites (77.39±0.76%)> S. sclarea (leaves) 
(72.95±1.0%)> S. sclarea (flowers) (64.72±1.06%)> S. virgata 
(61.15±2.03 %)> L. purpureum var. purpureum (46.75±1.54%). 
α-Amylase inhibitory activity of all tested extracts were 
found between 2.30±0.21 and 8.93±1.73% (46). The obtained 
antidiabetic activity results are in agreement with the literature. 

When the literature studies are examined, it is seen that there 
are studies on bioactive properties of E. helioscopia, F. elaeoch-
ytris, S. albiflora, S. leptoclada, S. stricta, S. pisidica, S. chionantha 
species, such as antioxidant, anti-tyrosinase, anticholinesterase, 
anti-urease, antibacterial, antinociceptive, anti-inflammato-
ry, antimicrobial and anti-pyretic (22,23,47-53). This is the first 
study on antidiabetic activities of the hexane and methanol ex-
tracts of E. helioscopia, F. elaeochytris, S. albiflora, S. leptoclada, 
S. pisidica, and S. stricta. The results of this study may be useful 
in investigating specific enzyme inhibitors from the medicinal 
plant extracts for efficient management of type 2 diabetes mel-
litus and relevant complications.

CONCLUSION 

In this study, α-glucosidase and α-amylase inhibitory activities 
of the hexane and methanol extracts of E. helioscopia, F. elae-
ochytris, S. albiflora, S. leptoclada, S. stricta, and S. pisidica were 
screened for the first time. The hexane extracts showed nota-
ble α-amylase inhibitory activities. Against α-amylase, S. pisidica 
hexane extract was found to be more active than acarbose used 
as the standard. This study suggests that the hexane extracts 
(especially S. pisidica hexane extract) can be used in the phar-
maceutical industry as a potential α-amylase inhibitor of natural 
origin.
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INTRODUCTION

In recent years, the fact is that carbohydrate and fat-
rich diets accelerated aging, increased obesity, diabe-
tes, cancer, and cardiovascular diseases (1). Accordingly, 
the use of local and natural nutrients and medicinally 
important herbal content have become widespread 
and the necessity of being scientifically relevant in the 
prevention, and treatment of diseases has occurred (2). 
With the widespread use of herbal therapies, the inves-
tigation of functional nutrients has become an import-
ant research area in vivo studies with short life forms. 

Due to excess nutrient intake (Obesity), aging and an 
increase in cell lipid levels, oxidative stress-induced 
complications can develop (3). Drosophila melanogaster 
(Meigen) fed with high-fat diet (HFD) is a model or-
ganism used in in vivo nutrition studies for obesity 
(4-6). The oxidant-antioxidant mechanism, fatty tissue, 
and digestive system of D. melanogaster are similar to 

mammals, and due to its advantages in terms of ease 
of operation, it is frequently preferred in nutrition 
studies (7-12). It is known that flies fed with HFD have 
a significant decrease in amino acid and protein levels 
leading to oxidation (4). Malondialdehyde (MDA) oc-
curs in the biological systems as a result of increased 
oxidative stress-induced lipid peroxidation (LPO) (13). 
MDA is an indicator of LPO, and used to determine 
the LPO grade. Oxidative damage mediated by free 
radicals caused by many environmental causes and 
formed during the conversion of nutrients to energy 
using oxygen as by-products of the metabolism in the 
body can be prevented by increasing the antioxidant 
concentration in the tissues (14-17). In many organ-
isms,  Glutathione  S-transferases (GST) are a family of 
important  detoxification  enzymes (18). Leguminosae 
legumes, which are rich in dietary fiber and high nu-
tritional value, show antioxidant activity and its suc-
cess in preventing oxidation is shown in many studies 
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ABSTRACT

Objective: In the study, the aim was to to determine the effect of Mash bean, an antioxidant source, against oxidative stress 
due to gender and high fat intake.

Materials and Methods: For this purpose, local and commercial Mash was added to the fatty and non-fatty diet of the model 
organism (Drosophila melanogaster) which were let to grow. Malondialdehyde and glutathione S-transferase (GST) activities 
were determined in adult females and males. 

Results: According to the results, it was determined that Mash bean increased the GST activity of the insect. Feeding with 
non-commercial mash bean (NC-MB) and high-fat diet decreased lipid peroxidation (LPO) in females, whereas commercial 
mash bean (C-MB) had opposite effects. 

Conclusion: It was concluded that the NC-MB seeds were more successful in preventing LPO than C-MB. In our study, the 
nutrition of male individuals with a fat diet or a non-fat diet did not change the amount of LPO.
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(19-25). Used in many parts of the world and known as mung 
bean, green gram, urad whole, Mash bean Vigna radiata (L.) R. 
Wilczek is a species belonging to the Fabaceae family (26,27). 
Like other legumes, the high nutritional value of Mash bean is 
also known, and there are many studies in the literature that 
determined its antioxidant capacity (28). In spite of this, no 
study was done to investigate the oxidant-antioxidant effects 
of Malatya-specific local black Mash bean and commercial 
Mash bean. In this study, the use of HFD (20% palmitic acid) in 
the larval period and antioxidant source of Mash bean against 
oxidative effects on lipid molecules in adult individuals were 
investigated. The antioxidant effects of non-commercial/local 
(NC-MB) and commercial (C-MB) mash beans before and after 
cooking was also compared. 

For this purpose, the effect of NC-MB and C-MB was determined 
in the model organism (D. melanogaster) fed with a fat and fat-
free diet. In addition to the cooking practices in different prod-
ucts, the possible effect of Mash bean due to fat feeding has 
been demonstrated. 

MATERIALS AND METHODS

Biological Materials
In the study, NC-MB and C-MB (Malatya and Mersin origin) were 
used (Figure 1). D. melanogaster’s strain of wild type adult in-
dividuals (in 200 ml bottles) were incubated in the laboratory 
of Necmettin Erbakan University (25 ± 2°C and 60-70% relative 
humidity, 12 hours light, 12 hours dark photoperiod). An artifi-
cial diet (potatoes, agar, sucrose, dry yeast, ascorbic acid, and 
nipagin) prepared with mashed potatoes for culture food was 
used. This nutrient was also used as an experimental diet and 
as a control food. Food for the insects in the culture bottles was 
refreshed every 15 days, and the procedures were made com-
pletely under aseptic conditions (29).

Experimental Pattern 
In this study, for HFD, palmitic acid was dissolved within 
Tween-80 and added to 20% of the hot control nutrient (cul-
ture food) (30). Commercial and local unprocessed NC-MB and 

cooked Mash beans C-MB were added to D. melanogaster diet 
mixed with the food. Similar to the previous study (31), where 
the upper and lower limits of use were determined, the plant 
was triturated (unprocessed and cooked) after being held in the 
incubator for 24 hours at 60°C, and added to the nutrient at 30-
40°C. For the cooking process (32), 25 minutes was applied. Due 
to being added to the nutrient and feeding of the insect, the 
powdered beans (0.21 g) were added to 100 ml of warm food 
after weighing. 

All of the experiments were carried out under conditions where 
the stock culture of insects was grown. From the culture, the 
female and male individuals (3 virgin/1 male) were taken for the 
trial design, and they were mated and the eggs were collected 
after six hours. D. melanogaster’s newly hatched larvae (1st stage 
larvae) were floated in water (taking on blotting paper) as indi-
cated in the experimental pattern, and the larvae were grown 
up to the adult stage by inoculating on the test nutrients with 
the fine-tipped brush. Fat containing nutrients were used as a 
positive control. The larvae of the D. melanogaster were grown 
up to the adult stage with the nutrients indicated in the trial 
pattern.

Biochemical Analyses
25 female and 25 male adults (33) were used for each trial in 
the biochemical analysis. Samples were extracted with 1.15% 
potassium chloride in an ultrasonic homogenizer with a cold 
homogenization buffer (1.15% potassium chloride, 25 mM di-
potassium hydrogen phosphate, 5 mM ethylenediamine tetra 
acetic acid, 2 mM phenethylylsulphonyl, 2 mm dithiillotenitol, 
pH: 7.4) at + 4°C. The samples were stored at -80°C until analysis 
was carried out.

MDA, the final product of LPO, was measured according to the 
method used by Jain and Levine (34). GST (EC 2.5.1.18) determi-
nation was made according to the method developed by Habig 
et al. (35). Total protein determination was made according to 
the Folin-Lowry method to calculate the MDA levels and en-
zyme specific activity from the obtained supernatants (36). 

Figure 1. Commercial (A) and non-commercial/local (B) Mash beans (1000 µm).
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Data Analysis
The data were analysed by the statistics package program (SPSS 
Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) 
was used to evaluate data on MDA quantity and GST activity. 
"LSD test" was used in comparison of diets because the "Dun-
can's multiple range test" result was homogeneous. Mann 
Whitney U test was used to determine the changes occurring 
between male and female adult stages. The significance of the 
means was evaluated at the 0.05 probability level.

RESULTS 

The amount of LPO formed by cooked NC-MB and C-MB in adult 
female individuals is similar to the negative control, whereas 
fat supplementation showed that NC-MB reduced LPO (Table 
1). It was determined that the amount of MDA increased in 
the females fed with unprocessed NC-MB and C-MB, and that 
the unprocessed fatty NC-MB decreased the amount of MDA 
(Table 1). It was observed that the GST activity of cooked beans 
increased by about 5 times compared to the control, and that 
the use of fat increased GST activity by about 4 times compared 
to the control (Table 1).

Although the activity of GST increased in the cooked beans, it 
was determined that the resistance was decreased when used 
with fat, and non-resistant individuals were formed. However, 
the use of Malatya-origin cooked beans with fat proved its use-
fulness as it contained low MDA content and GST activity.

The use of unprocessed beans with fat reduced GST activity by 
more than half. The beans used with the addition of fat reduced 
the resistance of females, and the beans used without the addi-
tion of fat increased the GST activity.

In male subjects, the amount of MDA between control negative 
and control positive was similar to the negative control with the 
use of cooked C-MB, but this ratio was increased by 2-fold in 
the NC-MB and increased by 4-fold and 8-fold in unprocessed 
products (Table 1). However, the use of beans together with fat 
decreases the amount of MDA in male subjects. Nonetheless, 
the use of unprocessed C-MB seeds with fat or fat-free does not 
differ much in terms of LPO (Table 1). It was observed that there 
was an inversely proportional relation to the increasing amount 
of MDA in males and that GST activity decreased in controls, and 
individual non-resistance was formed. While the GST activity of 
the cooked NC-MB was statistically similar to the control, it was 
observed that GST activity decreased in C-MB. This decline can 
be said to be due to the low amount of MDA. However, when 
fat was added, the GST activity of insects that eat NC-MB de-
creased and the resistance of insects that eat C-MB fatty beans 
increased (Table 1). 

LPO of female and male individuals was compared according 
to their nutritional contents. Fat diet caused oxidation in both, 
but the female individuals were more affected (Figure 2). Un-
processed NC-MB increased the amount of MDA in females 
compared to males. In C-MB, it was observed that males had 
more LPO. In the cooked NC-MB and C-MB, the amount of MDA 
in females was less than that in males (Figure 2). It was observed 
that the addition of fat in unprocessed C-MB caused less oxida-
tion in females, the use of cooked NC-MB with fat increased the 
amount of MDA of males while the amount of MDA in females 
was higher in the use of fat C-MB (Figure 2).

The use of Mash bean differed in the antioxidant activity of 
male and female individuals. The combined use of only fat and 
cooked NC-MB revealed a statistical similarity in males and fe-

Table 1. Malondialdehyde (MDA) quantity and glutathione S-transferase (GST) activity in female and male fed with Mash beans

Diets

MDA (nmol/mg protein) GST (nmol/mg protein/min)

Female
(Mean* ± S.E)†

Male
(Mean* ± S.E)†

Female
(Mean* ± S.E)†

Male
(Mean* ± S.E)†

Control (0.0§) 0.43±0.22b 0.73±0.03c   6.03±0.24a 14.83±0.52b

NC-MB cooked  0.28±0.01b 1.60±0.04d 31.08±0.76d 14.99±0.50b

C-MB cooked 0.41±0.01b 0.72±0.01c 30.04±1.01d  4.35±0.26a

NC-MB unprocessed 3.44±0.01e 2.11±0.04e 23.60±0.81c 14.53±0.87b

C-MB unprocessed 1.77±0.02d 4.15±0.05f 46.94±0.64e 22.94±0.23c

NC-MB cooked+ HFD 0.14±0.04a 0.43±0.01b 10.38±0.84b 28.59±0.56d

C-MB cooked + HFD 1.5 ±0.10c 4.47±0.05f     7.79±0.25a 12.63±1.09b

NC-MB unprocessed + HFD 0.12±0.04a 0.41±0.01b 11.85±0.35b 10.16±0.42b

C-MB unprocessed + HFD 3.32±0.12e 0.24±0.01a   5.44±0.77a 30.68±1.00d

*Four experiments were tested, and  25 females and 25 males were used in each trial, † Values in the same column with different lowercase letters  (a to f ) were 
significantly different by LSD test; b was statistically different from a (p <0.05), c was significantly different from a (p <0.01), d was different from c (p <0.05), e was very 
significantly different from d (p <0.001), f was very significantly different from e (p <0.001). §Control, NC-MB: Non-commercial/local Mash bean, C-MB: Commercial/
local Mash bean, HFD: High-fat diet (20% palmitic acid).
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males. However, when fat was not involved in the nutrition, it 
was determined that antioxidant activity made female individu-
als more resistant than males, and the GST activity of males was 
more effective in fat use (Figure 2).

DISCUSSION

It is stated that Mash bean is an important component of the 
intestinal flora due to the high rate of resistant starch in its con-
tent (37,38). Mash bean sprout is known to have antimicrobial 
activity against the gastroduodenal diseases in humans, the 
immune stimulatory effect of the seed, antioxidant, anti-inflam-
matory, and anti-diabetic activity, while the mungin protein 
isolated from the seeds has an antifungal effect (39-45). Glob-
ulin-rich, Mash bean, reduces fat accumulation and fatty liver 
in rodents induced for obesity by HFD (46). Against liver and 
kidney damage, Mash bean seeds have hepatoprotective and 
nephroprotective activity (47). It has a protective effect against 
alcohol-induced liver damage (48). Mash bean, known for its 
detoxification properties, has been used to reduce the sensa-
tion of swelling, superficial infections, acne, eczema, dermatitis 
and itching (48). It is known that Mash bean soup, cooked in 
the traditional way in Asian countries, has a protective effect 
against heat stress (26), lowers LDL cholesterol with its antioxi-
dants, has a protective effect on DNA, and has anti-cancer and 
liver protective effects (32,49,50).

Mash bean shows anti-lipid peroxidation activity and superox-
ide anion cleansing activity (28). It is seen in the literature that 
Mash bean has significant changes in nutritional and anti-nutri-
tional properties by cooking and germinating (51). Mash bean 
significantly increased antioxidant enzymes such as superoxide 
dismutase (SOD) and catalase in rats (52). Vigna mungo shell ex-
tract provides protection against the oxidative stress caused by 
hydrogen peroxide in DNA and erythrocytes (53). 

Similarly, in our study, It was determined that Mash bean in-
creased GST activity of female insects compared to control. 
Antioxidants in Mash bean reduce inflammation by regulating 

cholesterol levels, cleaning free radicals, and reversing the dam-
age to blood vessels (32,50). The effect seen in our experiment 
is thought to be due to this feature. In addition, Vitexin and Iso-
vitexin (43,54,55), which are two types of flavonoids with high 
free radical cleansing activity in Mash bean, have approximate-
ly 70% inhibition of SOD radicals (56) supports our study. In a 
study of Liyanage et al. (32), it was observed that the cooking 
process increased the soluble fiber content of Mash bean and 
its hypocholesterolemic potential in vivo, preserved the hypo-
glycemic potential, and decreased total phenolic and flavonoid 
content and antioxidant activity. It is known that male GST ac-
tivity is better than females because of the significant sex-de-
pendent differences with low basal levels and egg production 
(57). When the beans were cooked, in male individuals fed with  
and without fat, continuing the feeding with C-MB decreased 
the GST activity. Although other studies have suggested that 
Mash bean can be used in the development of food supple-
ments for patients with hypercholesterolemia, according to our 
findings, it is necessary to adjust the amount of use according to 
sex and the way of the feeding of the individual. In addition, the 
non-commercial or commercial origin of a product or even the 
conditions of cultivation of herbal products may lead to changes 
in the antioxidant activity in vivo. As in this study, C-MB seeds 
showed generally limited antioxidant activity compared to NC-
MB seeds. Differently, Wang et al. (58), reported that the cook-
ing process significantly increased the dietary fiber content (dry 
weight basis) in beans but had no effect on iron, zinc and phytic 
acid contents. The content of soluble dietary fiber in boiled Mash 
beans is higher than that of raw Mash beans (59). When these 
results are considered in terms of digestibility, it has been shown 
that Mash bean which is added to the nutrient prepared with 
the mashed potatoes, which provide the carbohydrate and fat 
intake, provide the insects with more nutritive carbohydrates. 
Soluble dietary fibers are known to significantly reduce bad 
(LDL) cholesterol (60). The fact that LPO is lower in cooked Mash 
beans compared to unprocessed beans in our study is similar to 
the results of previous studies (cooked LPO <unprocessed LPO). 
Increased soluble dietary fiber in cooked beans is believed to in-

Figure 2. Comparison of A) Glutathione S-transferase (GST) activity and B) Malondialdehyde (MDA) quantity in male and female 
individuals fed with Mash bean. For each diet, significant differences are indicated by different lowercase letters (a to f ) over the line 
graphs by Mann Whitney U test; b was statistically different from a (p <0.05), c was significantly different from a (p <0.01), d was different 
from c (p <0.05), e was very significantly different from d (p <0.001), f was very significantly different from e (p <0.001). Control, NC-MB: 
Non-commercial/local Mash bean, C-MB: Commercial/local Mash bean, HFD: High-fat diet (20% palmitic acid).
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crease the LPO inhibition of Mash beans. It is also seen that LPO 
is different depending on gender (30). In this study, Mash bean in 
female individuals achieved similar results compared to control 
(excluding  NC-MB unprocessed only), whereas in females fed 
with fat diet, C-MB increased LPO (Table 1). Similar results were 
found in the study which are related to fat diet and gender (3). In 
our study, feeding of male individuals with a fat diet and fat-free 
diet change the amount of LPO. Nutrition with HFD increased 
MDA, protein carbonyl levels in liver, heart and kidney tissues in 
obese rats and decreased the activity of GST and paraoxonase 
enzymes (61). It has been reported in the studies that flies fed 
with HFD have an increase in triglyceride levels fat similar to that 
of mammals, and exhibit changes in insulin/glucose homeosta-
sis (62). In our study, besides the use of C-MB and NC-MB Mash 
beans, the effect of fat and fat-free nutrition was also exam-
ined. In the individuals fed with HFD, C-MB generally increased 
the amount of MDA in comparison to NC-MB and control. This 
has proven that the local beans were more reliable in terms of 
consumption compared to the commercial ones. NC-MBs have 
proven to be more reliable in terms of consumption than C-MBs. 
As a result, nutrition with HFD increased the amount of MDA in 
vivo as in other studies. However, non-commercial beans gener-
ally used in the fatty diet reduced the amount of MDA produced.

CONCLUSIONS

It is determined that the cooking process applied to the mash 
bean and its raw (unprocessed powder) usage was effective 
on the fatty and non-fat diet, and the insect changes the oxi-
dant antioxidant activity depending on the gender. Continuing 
feeding of the females regardless of the origin of unprocessed 
Mash beans increased antioxidant activity in a fat-free diet and 
caused a change in the activity of GST, which is one of the deter-
mining factors for resistance. Regardless of the processing, the 
use of the non-commercial product caused the LPO to fall in the 
individuals fed with the fat diet. A similar effect was observed in 
male subjects. 

As a result, the fat intake and cooking process in males de-
creased oxidation, and the opposite was observed in female 
individuals. However, it was determined that females became 
more resistant to increasing GST activity. In the comparison of 
commercial and non-commercial products, NC-MB has been 
shown to be more useful than C-MB by reducing oxidation. Ac-
cording to these results, it is observed that NC-MB has a positive 
effect on both insect mechanism and oxidant-antioxidant ac-
tivity. Thus, the use of the Mash bean as a beneficial nutrition-
al supplement was determined by looking at the effect of our 
model resembling the vertebrate organisms. It is likely that our 
study will serve to guide the advancing studies based on nour-
ishment for the correct use of unconsciously used alternative 
medicine products.
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INTRODUCTION

Saccharomyces cerevisiae contains 5 different classes 
of retrotransposons, called Ty1-Ty5, in its genome (1). 
Transposition of these retrotransposons takes place 
via an RNA intermediate (2). Due to their genome or-
ganization and their intracellular propagation pattern, 
Ty elements are classified within the pseudovirales 
class of virales order (3). Ty1, Ty2, and Ty4 have a similar 
genome structure and organization. Ty1 and Ty2 have 
334 bp Long Terminal Repeat (LTR) sequences in their 
5’ and 3’ ends, named as delta elements. Ty1 has 30 
copies per genome while Ty2 has about 10 copies per 
genome in yeast (1). Apart from full length Ty elements, 
the yeast genome contains a large number of solo LTR 

sequences. Ty3 and Ty5 have a different genome orga-
nization (1). The genome organization of Ty3 is similar 
to the human immunodeficiency virus. It is present as 4 
copies per genome. Its LTRs are called sigma elements. 
The genome sizes of Ty elements vary from 4 Kbp to 6 
Kbp (1). Ty elements encode two overlapping peptides, 
named TYA and TYB. These coding regions show struc-
tural and functional homologies to retroviral gag and 
pol polypeptides, respectively (4,5). TYB is translated 
by programmed ribosomal frameshift mechanisms as a 
TYA-TYB fusion protein (6).

Transcription of Ty elements starts at 5’ Delta and ends 
at 3’ Delta. Promoter elements of Ty elements are locat-
ed both upstream and downstream of the transcription 
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ABSTRACT

Objective: Ty elements are retroviral–like entities present in the yeast Saccharomyces cerevisiae. Apoptosis is a programmed 
cell death mechanism, conserved in all eukaryotes. In this study, we aimed to analyze how apoptotic signals affect the 
transcriptions of Ty1 and Ty2 elements in S. cerevisiae.

Materials and Methods: To analyze the effects of apoptotic signals on the transcription of Ty element, Ty1-LacZ, and Ty2-LacZ 
gene fusions were used as reporter genes. These gene fusions were transformed into the wild type and certain yeast mutants 
that are defective in various signaling pathways. Acetic acid was added to the growth medium of logarithmically growing 
yeast transformants to induce apoptosis. Transcription levels of the Ty-lacZ gene fusions were analyzed by ß-Galactosidase 
assays. 

Results: The results of this study show that transcription of Ty1 and Ty2 decreases approximately 3-fold in response to 
apoptosis in S. cerevisiae. It appears that apoptosis acts through the transcription factors Tec1p and Sgc1p that associate with 
the regulatory region of Ty1 and Ty2. Moreover, AMP-activated protein kinase Snf1p, and to a lesser extent Tor1p, seem to be 
required for the transcriptional repression of Ty1 and Ty2 in apoptosis-induced yeast cells. 

Conclusion: Ty1 and Ty2 transcription is regulated in response to apoptosis signaling in a differential manner. It seems 
that protein kinases Tor1p and Snf1p and transcription factors Tec1p and Sgc1p are involved in the apoptosis dependent 
regulation of Ty transcription.
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initiation site (7,8). The transcriptional regulatory region of Ty2 
is located within the first 750 regions of these elements (8,9). 
Regulatory regions of Ty1 encompass much longer regions and 
extend up to the first 1800 bp region of Ty1 (10,11). In upstream, 
TATA and UAS sequences are located within the first 150 bp re-
gion of Ty1 and Ty2. Unexpectedly, most of the transcription 
regulatory sites, such as enhancer elements, downstream re-
pression sites, and cell type-specific transcription factors’ bind-
ing sequences are located within the coding region of Ty1 and 
Ty2 (7-11). Both cis-acting regulatory sequences and transcrip-
tional activators that associate with regulatory sites of Ty 1 and 
Ty2 have been identified in previous molecular and biochemi-
cal studies (7-11). Ty1 transcription is 10-times lower in diploids 
than in haploid yeast cells (12). The transcription of Ty1 is con-
trolled by the heterodimeric repressor factor in diploids (13).

Ty1 is under the control of at least nine different transcription 
factors. These are Ste12, Tye7, Tec1, Mcm1, Rap1, Tea1/Ibf1, 
Gcn4, Gcr1 and Mot3 (5,13-17). Besides transcription factors, 
chromatin-modifying complexes such as Swi/Snf, SAGA and 
ISWI are also involved in the regulation of Ty transcription (5). 
Transcription of Ty2 is controlled by glucose signaling (17).

Apoptosis is an evolutionary conserved programmed cell death 
mechanism that takes place in all eukaryotes (18-20). Different 
external and internal signals trigger apoptotic signaling in eu-
karyotes (21,22). Upon activation of apoptosis by one of the sig-
naling pathways, initiator caspases trigger a caspase cascade, 
which ends up with the complete destruction of targeted cells 
(21,22).

Apoptosis is also defined in the yeast cells. The first time, apop-
tosis-like cellular processes are defined in cdc48 mutants of S. 
cerevisiae (23,24). Madeo et al, (1997) found that when starved 
for nutrients, cdc48 mutants of S. cerevisiae go through cellular 
destruction, similar to apoptotic events in human cells. Later, 
it was shown that over-expression of the human Bax gene, a 
proapoptotic factor for human cells, also activated apopto-
sis-like cell death in S. pombe (25). 

In search of molecular components of apoptotic signaling 
pathways in S. cerevisiae, the YCA1 gene (also known as Meta-
caspase-1, MCA1) has been identified and its function in S. 
cerevisiae apoptosis has been confirmed by genetic analyses 
(26,27). Unlike human caspases, yeast caspase Mca1p has a 
calcium-dependent cysteine-type endopeptidase activity on 
the targeted proteins (28,29). Excess H2O2, acetic acid, osmotic 
stress, and certain metal ions are the external activator of apop-
tosis in yeast. Aging, DNA-damaging drugs, expression of heter-
ologous genes such as human Bax, and α-synuclein are known 
intracellular effectors that activate apoptosis in S. cerevisiae (30). 
Acetic acid is the well-defined activator of the apoptosis in S. 
cerevisiae (31,32).

Apoptosis has global effects on the metabolism of eukaryotic 
cells. Once the apoptosis is triggered by internal or external sig-
naling, different kinases are activated or repressed. It is known 
that protein kinases Tor1p, Snf1p, and Gcn2p have significant 

and multiple functions in the nutrient signaling in yeast (33-35). 
These protein kinases are also conserved in human cells. Recent 
evidence indicates that Tor1p and Snf1p also have a function in 
apoptosis (33-35).

Unlike retroviruses, Ty elements cannot leave the yeast cells. 
Therefore Ty elements can be considered as mandatory genetic 
components of the yeast cells. Ty genomes do not encode any 
known transcription or translation regulatory factors. Hence, Ty 
viruses are completely dependent on the yeast encoded tran-
scription and translation factor for their genomic propagation. In 
this study, we investigated how apoptotic signals affect the tran-
scriptional regulations of Ty1 and Ty2 elements in S. cerevisiae. 
Our results indicate that activation of apoptosis in yeast cells re-
sult in significant decreases in Ty1 and Ty2 transcription. We also 
show that protein kinases Tor1p and Snf1p were involved in the 
apoptosis-dependent repression of Ty1 and Ty2 transcription, al-
beit at the differential level. Effects of Tec1p and Sgc1p were also 
analyzed to test if apoptosis operates through these factors to 
regulate Ty transcription.

MATERIALS AND METHODS 

Yeast Strains and Ty Expression Vectors
S. cerevisiae strains used in this research were purchased from 
the EUROSCARF (University of Frankfurt, Germany). Their gen-
otypes and accession numbers for EUROSCARF collection are 
given in Table 1. The construction of kanMX deletion mutants 
of these strains was explained previously (36). It is known that 
these yeast strains do not contain any other mutations in their 
genomes other than the indicated ones. 

The plasmids Ty1-144-lacZ, Ty2-754-lacZ, p-ENC and Ty2-555-
lacZ are 2 micron-URA3 based, yeast episomal (YEp) type ex-
pression vectors. The Ty2-754-lacZ plasmid contains the first 
754 nucleotides of the Ty2 genome fused to E. coli lacZ gene. 
It contains all of the regulatory sequences required for the reg-
ulated transcription of Ty2. The Ty2-555-lacZ reporter plasmid 
has the same general features except that it does not contain 
downstream repression sites for Ty2. p-ENC is also a 2 μm-URA3 
based expression vector that contains an enhancer region of 
Ty2, upstream of the TATA box in the UAS-less His4-lacZ gene 
fusion. Structure and constructions of Ty2-lacZ gene fusions 
have been published previously (7-9). 

Ty1-144-lacZ plasmid is a 2 μm-URA3 based, YEp vector and 
contains the first 1571 bp region of Ty1 element fused to LacZ 
gene. Its whole structure and construction have been explained 
previously (10,11). It is known that these yeast expression vec-
tors are stably maintained in the selective growth medium, and 
their copy number does not vary in yeast transformants (7).

Growth Conditions and Transformation
Yeast strains were cultured in YPD (yeast extract, peptone, dex-
trose) media for transformations. Transformation of Ty expres-
sion vectors to competent S. cerevisiae strains was done using 
the Polyethylene glycol-lithium acetate method as described 
previously (37). Yeast transformants were grown in 10 ml of 
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synthetic complete medium without uracil that contains 2% 
glucose (Sc-Ura, Dext) in triplicates as described (38). At loga-
rithmic stages, yeast cultures were divided into two aliquots (5 
ml each). To induce apoptosis, acetic acid was added to yield 60 
mM (pH 3) final concentration to the growth medium of the one 
portion (5 ml) of the yeast transformants. Yeast cultures (control 
group and apoptosis induced ones) further grown for five hours 
at 30°C in an incubator shaker at 150 revolutions per minute. At 
the end of growth periods, yeast transformants were harvested 
and processed for ß-galactosidase assays.

ß-Galactosidase Enzyme Assays 
The yeast transformants that were grown with or without ace-
tic acid, harvested at the end of 5 hours of incubation periods, 
were spun down with centrifugation at 1000 g for 5 minutes. 
Harvested yeast cells washed with 1 ml of sterile distilled wa-
ter and transferred to microfuge tubes and harvested again 
by centrifugation at 15,000 g for 1 minute. Yeast pellets were 
resuspended in 200 μl of break buffer and stored at -80°C till 
enzyme assays. ß-galactosidase assays were done essentially 
as described by Guarantee (39). In brief, yeast cells, suspend-
ed in break buffer, were permeabilized with 20 μl of chloroform 
and 20 μl of 0.1% SDS by vortexing at top speed for 1 minute to 
get permeabilized yeast cell suspensions (39). ß-galactosidase 
assays were done in triplicates using permeabilized yeast cell 
suspensions and ONPG as substrate as described (39). Protein 
concentrations in permeabilized yeast cells were determined 
by the Lowry assay (40). ß-galactosidase units are expressed in 
nm ONPG cleaved per minute per mg of protein in the permea-
bilized yeast cell suspensions. All assays were repeated at least 
twice in triplicates. The number representing β-galactosidase 
units in figures are the averages of 9 independent ß-galactosi-
dase assays. Standard deviations were less than 10% in all of the 
ß-galactosidase units given in figures. We have used the T-test 
to compare two groups of data (such as wild type versus mu-

tant, normal growth versus apoptosis conditions). Transcription 
units were significantly different (p<0.05). 

RESULTS

Effects of Apoptosis Signaling on the Transcription of Ty El-
ements 
We analyzed the effects of apoptosis on two different Ty ele-
ments, Ty1 and Ty2, respectively. Under normal growth condi-
tions, transcription from Ty1-144-LacZ gene fusion yields a high 
level of expression (3074 Units), as expected. However, induc-
tion of apoptosis by acetic acid for 5 hours resulted in more than 
a 3-fold decrease in Ty1 transcription (Figure 1). Similarly, tran-
scription from the Ty2-754-LacZ reporter gene is also repressed 
upon the activation of apoptosis. Transcription from Ty2-754-
LacZ gene fusion is determined as 185 units under normal 
growth conditions. Induction of apoptosis by acetic acid result-

Figure 1. Effects of apoptosis induction on Ty1-144 transcription 
in wild type yeast. Error bars indicate the standard deviations 
(***p<0.001 compared with untreated control).

***

Table 1. S. cerevisiae strains and their relevant genotypes used in this research

Yeast Strains’ Lab Code, (relevant mutations) 
and EUROSCARF Accession numbers

Genotypes

YST124 (wild type)
Y00000 (BY4741)

MATα his∆1; leu2∆0;met15∆0;ura3∆0

YST155 (tor1∆)
Y06864

MATα his∆1; leu2∆0;met15∆0;ura3∆0; YJR66w::kanMX4

YST159 (snf1∆)
Y14311

MATα his∆1; leu2∆0;met15∆0;ura3∆0; YDR477w::kanMX4

YST230 (gcn2∆)
Y03642

MATα his∆1; leu2∆0;met15∆0;ura3∆0; YDR283c::kanMX4

YST265 (tec1∆)
Y07155

MATα his∆1; leu2∆0;met15∆0;ura3∆0; YBR083w::kanMX4

YST289 (sgc1∆)
Y01641

MATα his∆1; leu2∆0;met15∆0;ura3∆0; YOR344c::kanMX4
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ed in a nearly 3-fold decrease in Ty2 transcription too (Figure 2). 
It is known that Ty1 is transcribed at much higher rates than Ty2 
(12). It was previously reported that Ty1 mRNA constitutes about 
0.8% of total cellular RNA in yeast (12). Hence, there is a clear 
difference between Ty1 and Ty2 transcriptions in normal growth 
medium, as seen in Figures 1 and 2. The transcription of both Ty 
elements decreases approximately 3-fold by the apoptosis sig-
naling. A p-value which is less than 0.001 (p ≤ 0.001) indicates 
that there are statistically significant differences in expression 
levels of Ty1 and Ty2 elements compared to untreated control.

Effects of Different Protein Kinases on Ty Transcription in 
Apoptosis Induced Cells 
Transcription of Ty1 decreased 20-40% in these kinase mutants 
in normal growth conditions (Figure 3). But the highest decrease 
in Ty1 transcription was seen in snf1 deletion mutant yeast cells, 
indicating that functional Snf1p kinase is essential for optimal 
level transcription of Ty1. It has already been shown that Snf1p 
is required for Ty transcription (41). Activation of apoptosis by 
acetic acid leads to a further decrease in the transcription of 
Ty1-144-LacZ gene fusion in this kinase mutant. It seems that 

inactivation or degradation of Snf1p in apoptosis-induced cells 
results in a nearly 6-fold decrease (from 1824 units to 323 units) 
in Ty1 transcription (Figure 4). Ty1 transcription also decreased 
approximately 2-fold in apoptosis induced ∆tor1 and ∆gcn2 
mutants and was reduced down to wild type level expression. 
These results indicate that Tor1p and Gcn2p are not involved in 
the Ty1 transcription when apoptosis-induced, although they 
are required for transcription in normal growth conditions. A 
p-value which is less than 0.05 (p ≤ 0.05) indicates that there 
are statistically significant differences in expression levels of Ty1 
compared to untreated control (Figure 3).

We also tested the effects of the above-mentioned kinases if 
they were involved in the Ty2 transcription when yeast cells 
shifted to apoptotic growth conditions. Interestingly, lack of 
Tor1p, Gcn2p or Snf1p in normal growth conditions did not in-
fluence Ty2 transcription at significant levels. (Figure 4). How-
ever, once apoptosis was induced by adding acetic acid to the 
growth medium of these kinase mutants, transcription of Ty2-
754-lacZ gene fusion differentially affected by each mutant. 
Transcription of Ty2-754-LacZ in ∆snf1 decreased to wild type 
level expression in the apoptosis induced yeast cells. It is clear 
that transcription of Ty2 in apoptosis-induced ∆tor1 and ∆gcn2 
mutants are not affected by these mutations as much as in Ty1-
LacZ transcription (Figure 4). A p-value which is less than 0.05 
(p ≤ 0.05) indicates that there are statistically significant differ-
ences in expression levels of Ty2 compared to untreated control 
(Figure 3).

To see if the apoptosis signaling acts on the transcriptional ac-
tivators that associate with the Ty2 enhancer region, we also 
tested the effects of apoptosis signaling on Ty2 enhancer ele-
ment-dependent transcription independent of Ty2 promoter 
context. Enhancer element-dependent transcription of a het-
erologous promoter from p-ENC-LacZ expression vector was 
analyzed under normal and apoptosis induced growth condi-
tions (Figure 5). In addition, we also tested the effects of apop-
tosis on the Ty2 transcription that contains upstream activation 
sequence (UAS) and enhancer elements only as the activator 
regions in the native Ty2 promoter context. Ty2-555-LacZ ex-
pression vector is the truncated version of Ty2-754-LacZ vec-

Figure 2.  Effects of apoptosis induction on Ty2-754 transcription 
in wild type yeast. Error bars indicate the standard deviations 
(***p<0.001 compared with untreated control).

***

Figure 4. Effects of different protein kinases on the Ty2-754-
LacZ transcription in apoptosis induced conditions. Error bars 
indicate the standard deviations (*p<0.05 compared with 
untreated control).

*

*

*

*

Figure 3. Effects of different protein kinases on the Ty1-144-
LacZ transcription in apoptosis induced conditions. Error bars 
indicate the standard deviations (*p<0.05 compared with 
untreated control).

*

*

*
*
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tor that does not contain a negative regulatory region of Ty2 
(7-9). Hence, transcription from Ty2-555-LacZ gene fusion was 
much higher than the Ty2-754-LacZ gene fusion that contained 
negative regulatory sites for Ty2. As seen in Figure 5, apopto-
sis signaling did not affect transcription from Ty2-555-LacZ nor 
p-ENC-LacZ dependent transcription (Figure 5). These results 
suggest that apoptosis signaling targets regulatory factors that 
associate with the full-length promoter region of Ty2 in its na-
tive context (Figure 5).

Effects of Tec1p and Sgc1p on the Ty1 and Ty2 Transcription 
in Apoptosis Induced Cells. 
To analyze if Tec1p and Sgc1p were involved in the apoptosis 
signaling-dependent repression of Ty1 and Ty2 transcription, 
we analyzed the transcription levels of Ty1-144-LacZ and Ty2-
754-LacZ gene fusion in ∆tec1 and ∆sgc1 mutant strains of S. 
cerevisiae (Figures 6 and 7). 

When compared to the expression levels of Ty1-144-LacZ gene 
fusions in the wild type yeast strains, Ty1 transcription was not 
affected by the apoptosis signaling in ∆tec1 and ∆sgc1 mutants. 
In other words, it seems that functional Tec1p and Sgc1p were 
the targets of apoptosis signaling for repression of Ty1 tran-
scription. Similarly, transcription from Ty2-754-LacZ gene fusion 

also was not affected by apoptosis signaling in ∆tec1 and ∆sgc1 
mutants. We saw slight increases in Ty2-754-LacZ transcription 
in these mutants when apoptosis was induced by acetic acid 
(Figure 7). 

DISCUSSION

Ty elements have been identified as intracellular mobile genetic 
elements of the yeast S. cerevisiae (1). Their genome structures 
and intracellular propagation mechanisms resemble retrovirus-
es (2,5). Ty elements do not encode any regulatory factors for 
their transcription and translation from their genomes. Hence, 
transcription of Ty elements and translation of their mRNA com-
pletely depends on yeast encoded regulatory factors. Regulator 
factors that are involved in the transcription of Ty have been 
identified previously (5,13-17). It can be expected that the cel-
lular metabolic events that affect gene expression in the yeast 
genome should also affect the gene expression in Ty. In accord 
with this, it has been shown that glucose signaling, amino acid 
starvation, and adenine starvation affects the transcription of 
Ty1 and Ty2 (10,17). It is known that the Ty1 transcription is 
regulated by a cell type-dependent manner, and repressed sev-
eral-fold by repressor proteins in diploid S. cerevisiae cells (13). 
The expression of Ty2 is not affected by a cell type. Nonethe-
less, even though the transcription of Ty1 and Ty2 is activated 
or repressed by cellular signals, it is known that the genomic 
copy numbers of Ty elements within the yeast genome do not 
change drastically during consecutive cell divisions. Several 
mechanisms have been proposed for the copy number mainte-
nance for the Ty element (5,42). 

Programmed cell death is a global cellular response to various 
extracellular and intracellular signals for cell destruction with-
out any cellular artifact (21,22). Molecular mechanisms and bi-
ological functions of apoptosis in multi-cellular organisms have 
been studied extensively (21,22). Apoptosis and its function 
have also been explained in the yeast S. cerevisiae (23,26,27). 
It occurs in response to external chemical stressors, like acetic 
acid and hydrogen peroxide in S. cerevisiae (30-33). Apoptosis is 
also activated in aging yeast cells (30-33). 

Figure 5. Analysis of the effects of apoptosis on the Ty2-555 and 
Ty2-Enhancer element dependent transcription in the wild type 
yeast. Error bars indicate the standard deviations.

Figure 7. Effects of Tec1p and Sgc1p on Ty2-754-LacZ transcription 
in apoptosis induced yeast cells. Error bars indicate the standard 
deviations (*p<0.05 compared with untreated control).

*

Figure 6. Effects of Tec1p and Sgc1p on Ty1-144-LacZ 
transcription in apoptosis induced yeast cells. Error bars indicate 
the standard deviations (*p<0.05 compared with untreated 
control).

*
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It appears that transcription of Ty1 and Ty2 is also affected by 
external apoptosis signaling generated by acetic acid. Our 
results indicated that while the levels of transcription show 
large differences between Ty1 and Ty2, their transcription was 
repressed at about the same levels, by 3-fold, in response to 
apoptosis signaling in the wild type S. cerevisiae cells. This re-
sult implies that common regulator factors act on Ty1 and Ty2 
promoter for repression of Ty transcription when apoptosis-in-
duced. Several transcription factors are involved in the tran-
scriptional activation of both Ty1 and Ty2. Some of these well-
known transcriptional activators are Gcn4p, Gcr1p, Tec1p and 
Sgc1p (Tye7p). The deletion of GCR1 gene has a severe defect 
on S. cerevisiae, and its deletion has lethal effects on some yeast 
strains (43). Therefore, we could not analyze the effects of Gcr1p 
on Ty transcription in apoptosis-induced ∆gcr1 mutant strain. 

Transcription factor Gcn4p is also involved in transcriptional ac-
tivation of Ty1 when amino acid or adenine starvation-induced 
(10,11). But, Gcn4p is not actively expressed in normal growth 
conditions, and its activation requires amino acid or purine star-
vation (10,11). To test the effects of Gcn4p on the Ty1 and Ty2 
transcription in apoptosis induced cells, expression of GCN4 
gene must be activated by amino acid or purine starvation. This 
type of experimental set up will lead to the application of two 
independent stress conditions, apoptosis and amino acid star-
vation, on the same yeast cells, which might result in misleading 
evaluations for the effects of Gcn4p involvement in apoptosis-in-
duced cells. Therefore, we did not test the effects of Gcn4p on 
Ty1 and Ty2 transcription in apoptosis induced ∆gcn4 mutants. 

Instead, we analyzed the effects of Tec1p and Sgc1p on the 
transcription of Ty1 and Ty2 in the wild type and mutant yeast 
that is viable under normal growth conditions. Recent evidence 
indicates that Tec1p also involves the TOR and other MAPK 
signaling pathways (44,45). Ty1 transcription largely depends 
on Tec1p (14). Therefore, transcription of Ty1 decreased nearly 
6-fold in ∆tec1 mutants strain grown in normal conditions. The 
transcript of Ty2 is not affected by ∆tec1. It was already shown 
that Tec1p has no drastic effects on Ty2 transcription (14). But, 
when apoptosis-induced by acetic acid, transcription Ty2 also 
remained at the same levels. In other words, apoptosis signal-
ing did not affect Ty2 transcription in ∆tec1 mutants (Figure 7). 
These results indicated functional Tec1p is one of the targeted 
regulatory factors for the Ty1 repression in apoptosis induced 
conditions. The effects of Tec1p in apoptosis-induced and unin-
duced cells for Ty2 seems to be more complex than Ty1. First of 
all, a lack of functional Tec1p in ∆tec1 mutant did not have any 
effects on Ty2 transcription. But, the induction of apoptosis by 
acetic acid did not repress Ty2 transcription in this mutant. This 
result suggests that although functional Tec1p is not essential 
for Ty2 transcription in normal conditions, it is essential for the 
repression or downregulation of Ty2 transcription by apoptosis. 

Ty promoters contain activator and repressor binding sites in 
both upstream and also in downstream of transcription initiation 
sites (7-9). We analyzed the effect of apoptosis signaling on the 
truncated Ty2 promoter (Ty2-555-LacZ reporter) that contains 

only the enhancer region (7,8). Interestingly, our results indicat-
ed that activation of apoptosis signaling did not have any effects 
on Ty2 transcription when it contains only the enhancer region. 
We also tested the effects of apoptosis signaling on the Ty2 en-
hancer element-dependent transcription when present outside 
of the Ty2 promoter. As in the truncated Ty2 promoter, enhancer 
element-dependent transcription of a heterologous promoter is 
not affected by apoptosis signaling (Figure 5). These results may 
indicate that apoptosis signaling targets the regulatory factors 
that associate with the negative regulatory region of Ty2 element 
that is located within the 555-754 bp region of this element (7,8).

S. cerevisiae has many different protein kinases that share func-
tional and structural homologies to their human counterparts. 
Some of these kinases are Tor1p, Snf1p, and Gcn2p. These kinas-
es are essential for nutrient signaling in yeasts. They also have 
functional roles in the signaling and progression of apoptosis 
and autophagy in yeast (34,35,45). The functional involvement 
of these kinases in the Ty1 and Ty2 transcription under apop-
tosis induced conditions were analyzed in the mutant yeast 
strains that do not have one of these kinases. Our results in-
dicated that Snf1p has a significant function in the basal level 
transcription of Ty1 and Ty2 in normal growth conditions since 
the transcription of Ty1 and Ty2 decreased significantly in ∆snf1 
mutants. On the other hand, in apoptosis induced conditions, 
only transcription Ty1 further decreased in ∆snf1 mutant yeast, 
showing the functional involvement of Snf1p kinase in Ty1 tran-
scription in apoptosis conditions.

Ty1 and Ty2 transcription affected at the differential manner in 
the yeast mutants that do not contain functional Tor1p kinase. 
Transcription of Ty2 is not affected by apoptosis signaling in 
∆tor1 mutation, indicating that Tor1p kinase is involved in the 
repression of Ty2 transcription in apoptosis-induced cells. Gcn2p 
kinase seems to have a moderate level effect on Ty2 transcrip-
tion both in normal and also in apoptosis induced conditions. 

CONCLUSION

In this study, we have shown that the transcription of retrovi-
ral-like elements Ty1 and Ty2 was regulated in differential man-
ners when the apoptosis signal was induced by acetic acid. It 
seems that protein kinases Tor1p and Snf1p and transcriptional 
activators Tec1p and Sgc1p are involved in the repression of Ty1 
and Ty2 transcription in apoptosis induced yeast cells. 
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INTRODUCTION

Hydrolases are a class of enzymes that catalyze cova-
lent bond cleavage in the presence of water molecules. 
Some members of this class of enzymes include the car-
boxylesterases and proteases that act on ester bonds 
like lipases and esterases and amide bonds in peptides, 
respectively (1,2). Hydrolases have vast applications in 
food, detergent and leather industries as well as pharma-
ceutical industries (3,4). These enzymes are divided into 
superfamilies based on the type of 3D structural futures 

and this includes the broader group α/β-hydrolase su-
perfamily with Ser, His and Asp residues as the catalytic 
triad and the relatively recently identified SGNH-hydro-
lase superfamily (a diverse family of lipases and ester-
ases) (5,6). A large number of hydrolases in this family 
have a common catalytic Ser, oxyanion-hole forming Gly, 
Asn, and invariant His residues (2,7).  Different substrates 
were described for the members of SGNH-hydrolases 
including acyl-CoA esters (8) lysophospholipids (9), and 
complex polysaccharides (10). Lipases (EC 3.1.1.3, triacyl-
glycerol acyl hydrolases) are members of the hydrolase 
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ABSTRACT

Objective: Hydrolases are of great use in many industries including food, textile, paper, detergent, and pharmaceutical 
production. These enzymes are abundant in all eukaryotic and prokaryotic organisms. Microbial enzymes are relatively 
tolerant to changes in pH, temperature and salt concentration and are capable of catalyzing reactions with high substrate 
specificity. Therefore they are potentially important for industrial applications. In this study we aimed to clone and characterize 
a hypothetically defined moderately Bacillus licheniformis YpmR enzyme, a member of the SGNH-hydrolase superfamily.

Materials and Methods: The hypothetical YpmR gene was amplified with PCR using specific oligonucleotide primers and 
genomic DNA of B. licheniformiss. The purified PCR products were cloned under the control of Escherichia coli lac promoter. 
Expression of the recombinant YpmR protein in the E. coli cells was assessed using SDS-PAGE/Western blotting. The enzymatic 
activities were spectrophotometrically determined using p-nitrophenyl laurate (pNPL) and p-nitrophenyl acetate (pNPA).

Results: The YpmR enzyme showed a 7-8 fold higher enzymatic activity against the pNPL substrate as compared to the 
negative controls. Hydrolysis of the pNPL substrate was found to be due to the B. licheniformis YpmR enzyme. In contrast, high 
hydrolytic activity in bacterial lysates not encoding YpmR enzyme on pNPA substrate indicated that the hydrolysis is due to 
the presence of other intracellular hydrolases. B. licheniformis YpmR enzyme was shown to be tolerant to high NaCl and Triton 
X-100 concentration.

Conclusion: The moderate halophilic B. licheniformis hypothetical YpmR enzyme heterologously synthesized in E. coli cells 
has hydrolytic activity on pNPL substrate. The enzyme was observed to be more tolerant to an increase in NaCl and Triton 
X-100 concentrations compared to the Candida rugosa lipase enzyme used in this study as a control.

Keywords: YpmR gene, Gene cloning, Bacillus licheniformis, Hydrolase activity, p-nitrophenyl laurate (pNPL)
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family that catalyze both the hydrolysis and synthesis of long 
chain triacylglycerol in the presence or absence of a water medi-
um respectively (11). Lipases are of animal, plants and microbial 
origins. Among the different sources of lipases, microbial lipases 
have displayed greater popularity due to their diverse properties 
and ease of genetic manipulations (11-14). One property of mi-
crobial lipases that is of particular importance in many biotech-
nological transformations is their ability to catalyze reactions in a 
wide range of temperatures (15,16). As a result, many attempts 
has been made to isolate new microbial lipases that have the 
potential to remain active in harsh industrial reaction conditions 
like high temperatures, presence of alkaline or acidic conditions, 
etc. The isolation of such robust new enzymes is largely through 
genetic engineering of the already existing ones or screening 
for new microorganisms (17). Recently, a new member of the 
SGNH-hydrolase superfamily called the “SGNH-hydrolase YpmR 
like” subfamily was identified. This enzyme was reported to have 
different tertiary fold as compared to the alpha/beta hydrolase 
family and is generally unique among all the known hydrolase 
enzymes with an active site similar to the Ser-His-Asp (Glu) triad, 
but it might  lack the carboxylic acid (18,19). Based on sequence 
alignment analysis, Bacillus YpmR gene sequence is reported to 
be similar to the “SGNH-hydrolase YpmR  like” subfamily (19). De-
spite this finding, the enzymatic activity of the YpmR protein is 
yet to be experimentally determined. Proteins whose existence 
has been predicted based on their gene sequences but which 
lack the experimental evidence of in vivo or in vitro expression are 
termed hypothetical proteins. Consequently, the YpmR is only a 
hypothetical protein with putative hydrolytic activity. Therefore, 
in a quest to generate novel lypolytic enzymes suitable for both 
basic research and varied industrial applications, the Bacillus 
YpmR enzyme may be a potential candidate. Hence, the main aim 
of this study was to seek to establish  the hydrolytic activity and 
enzymatic characteristics of this putative enzyme.    

MATERIALS AND METHODS

Chemicals and Reagents
P-nitrophenyl laurate (p-NPL), p-nitrophenyl acetate (pNPA), 
SDS gel electrophoresis markers and reagents, Candida rugosa 
lipase were purchased from Sigma Aldrich Chemical Co. (St., 
Louis, USA) and yeast extract and agar from Merck, (Darmstadt, 
Germany). Bradford reagent and ovalbumin were the commer-
cial product of BioRad (BioRad Laboratories, Hercules CA, USA). 
All other chemicals were of analytical grade and used without 
further purification. Bacillus licheniformis  isolated from nature 
was kindly provided by Dr. M. Birbir (Biology Department, Mar-
mara University).

Genomic DNA (gDNA) Isolation from Bacteria
Genomic DNA (gDNA) was isolated from the moderately halo-
philic B. licheniformis using a commercial gDNA isolation kit 
(Invitrogen Cat No. K1820-01). The bacterial cells were cultured 
in a 5 ml Complex Media at 37oC for 24 hours. The cells were pre-
cipitated by centrifuging the culture at 7,500 rpm for 10 min-
utes. The precipitated cells were used to isolate gDNA based on 
the manufacturer’s protocol. 

Construction of Expression Vectors
Hypothetically defined YpmR gene of B. licheniformis was 
amplified using the forward primer 5’-ATGAACATACGTTTTAT-
TACAGTC-3’ (or using 5’-ACATACGTTTTATTACAGTCATG-3’ for 
gene without the ATG start code) and reverse primer 5’-TTAT-
TCTGCTGGGAGGTCTTCG-3’. The primers were phosphorylated 
using T4 polynucleotide Kinase (New England Biolabs) enzyme 
prior to their use. All the primers used in this study were origi-
nally designed using the NCBI primer design tool. The KOD-plus 
(Toyobo, Japan) thermostable DNA polymerase enzyme was 
used for amplification of YpmR gene fragment. The cycling con-
ditions for PCR were: initial denaturation for 3 min at 95°C, 32 
cycles of 20 seconds at 95°C, 20 seconds at 55°C and 1 min at 
68°C, and in the  final extension for 5 min at 68°C. The PCR prod-
ucts were extracted with phenol: chloroform: isoamyl alcohol 
(25:24:1) followed by ethyl alcohol precipitation. The samples 
were dissolved in 15 µl of deionized distilled water and puri-
fied using agarose gel extraction kit (QIAEX II Gel Extraction Kit). 
The plasmid vectors pGFP (Clontech) and pET-14b (Novagen) 
were used for cloning of the YpmR gene.  We  cloned the am-
plified B. licheniformis YpmR gene with and without histidine 
(x6 his) tag under the control of E. coli lac promoter. The pGFP 
plasmid vector was linearized using the inverse PCR technique. 
The vector was amplified using a primer pair targeting the 
regions bounding the GFP ORF (forward primer: 5’- CATTCG-
TAGAATTCCAACTG-3’ and reverse primer: 5’-AGCTGTTTCCT-
GTGTGAAATTG-3’). The cycling conditions for this PCR reaction 
were: initial denaturation for 3 min at 95°C, 32 cycles of 20 sec-
onds at 95°C, 15 seconds at 52°C and 3 min at 68°C, and in the  
final extension for 10 min at 68°C. The PCR products were pu-
rified using gel extraction kit. The PCR  products carrying the 
ATG start codon were ligated with the linearized plasmid vec-
tor using T4 DNA ligase enzyme (TaKaRa, Japan). The obtained 
plasmid vector was named  pLac-YpmR. The YpmR gene having 
a histidine tag coding sequence at 5’-end was cloned in two 
stages. In the first stage, the gene without ATG start code was 
cloned into the NdeI restriction site of the pET-14b plasmid. For 
this, the pET-14b plasmid was linearized by cutting it with NdeI 
restriction enzyme (New England Biolabs) and the sticky ends 
of the plasmid were blunted using the Klenow enzyme (New 
England Biolabs). For these processes, 5 µg plasmid DNA in 45 
µl of deionized distilled water was mixed with 5 µl of x10 con-
centrated reaction buffer and 1 µl (10U) NdeI restriction endo-
nuclease enzyme. The restriction digestion process was carried 
out at 37°C for 1 hour. Agarose gel electrophoresis was used to 
check whether the plasmid DNAs were cut. The samples were 
kept at 65°C for 20 minutes in order to inactivate the restriction 
enzyme. After the inactivation step, 2.5 µl of 2 mM dNTP mix 
and 1 µl (1U) Klenow enzyme (New England Biolabs) were  add-
ed to the reaction mix and incubated at 37°C for 30 minutes. 
The DNA samples were extracted using phenol: chloroform: 
isoamyl alcohol and precipitated with ethyl alcohol. The precip-
itated samples were then dissolved in 22.5 µl deionized distilled 
water. For the dephosphorylation of plasmid DNA, 2.5 µl of x10 
concentrated buffer and 1 µl (1U) of shrimp alkaline phospha-
tase  (SAP; Fermentas) were added to the sample and kept for 1 
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hour at 37°C and this was followed by incubation of the reaction 
medium at 65°C for 20 minutes for the inactivation of the SAP 
enzyme. The plasmid DNA, which was linearized by digestion 
with NdeI restriction enzyme, was ligated with the YpmR gene 
without the start code (ATG). The plasmid vector obtained was 
named  pET-14b-hYpmR. The hYpmR gene in pET-14b-hYpmR 
plasmid vectors was sub-cloned under the control of the lac 
promoter. The pET-14b-hYpmR plasmid was digested with NcoI 
(New England Biolabs) and XhoI (New England Biolabs) restric-
tion endonuclease enzymes and the sticky ends were blunt-
ed using the Klenow enzyme. The hYpmR DNA fragment was 
purified with agarose gel extraction kit then ligated with the 
plasmid DNA obtained from pGFP by inverse PCR as mentioned 
above. The generated plasmid vector was named pLac-hYpmR.

SDS-PAGE and Western Blotting 
The pLac-YpmR and pLac- hYpmR plasmid vectors were trans-
formed in competent Escherichia coli Mach1 cells. Small-scale 
saturated cultures (3 ml) of the transformed bacterial cells were 
prepared on LB (+amp) medium. The cells in a 0.5 ml samples 
were precipitated by centrifuging at 7,500 rpm for 5 minutes. 
The cell precipitates were suspended in 100 µl of deionized dis-
tilled water and mixed with an equal volume of 2x concentrated 
SDS sample loading buffer. The samples were passed through a 
27G needle for 10-15 times and centrifuged at 15,000 rpm for 
5 minutes. The proteins in the supernatant were denatured at 
95°C for 5 minutes and then loaded onto a 10% denatured poly-
acrylamide gel. Proteins separated by SDS-PAGE were either 
stained using silver staining technique or transferred to PVDF 
membranes to detect the hYpmR protein by Western blotting. 
For blotting, mouse anti-his monoclonal antibody (Santa Cruz 
# sc-57598) and goat anti-mouse IgG-HRP (Invitrogen # 31420) 
were used as the primary and secondary antibodies, respective-
ly. The proteins were detected using the ECL Western Blotting 
Detection Reagent (GE Healthcare # RPN2235).

Preparation of Cell Lysates and Hydrolytic Activity Assays
E. coli cells transformed with the plasmids coding B. licheniform-
is YpmR protein were cultured in 100 ml LB media (+amp) until 
saturation.  Non-transformed E. coli cells were cultured in a LB 
(-). The cells were precipitated by centrifuging at 7,500 rpm for 
10 minutes. The cell precipitates were washed with sterile de-
ionized distilled water and then suspended in 5 ml cold Tris-Ca-
Cl2 buffer (100 mM Tris-CL, pH: 7; 5 mM CaCl2). Cell suspen-
sions were sonicated on ice with a sonicator (Bandalin) using 
80% power 10 seconds on and 10 seconds off for 10 min. The 
samples were centrifuged at 4°C at a speed of 15,000 rpm for 
15 minutes. The Bradford method was used to determine the 
amounts of protein in the supernatants and these samples were 
used in the subsequent enzyme activity tests (20). Hydrolysis 
activities of the cell lysates were determined at different reac-
tion conditions using p-nitrophenyl laurate (pNPL) and p-nitro-
phenyl acetate (pNPA). For the enzyme activity assays, 20 µl of 
substrate (10 mM pNPL or 10 mM pNPA) and 30 µl cell lysate 
(1-2 µg protein / µl) were added to 950 µl Tris-CaCl2 buffer (pH: 
7); followed by incubation of the reaction mixtures at 30°C, 37°C 
or 55°C for 15-30 minutes.

In order to determine the effects of salt (NaCl) concentration 
on the hypothetical YpmR enzyme, Tris-CaCl2 buffer containing 
different concentrations of NaCl (0.1 M, 0.5 M, and 2.5 M final 
concentrations) were used. In addition, the effect of pH on the 
hypothetical enzyme was also determined  using Tris-CaCl2 buf-
fers adjusted to pH 6 and pH 9.5. To determine the effects of 
Triton X-100, a non-ionic detergent, different concentrations of 
the detergent ranging from 0.01% to 1% were added to the re-
action mixture. C. rugosa lipase enzyme (Sigma-Aldrich # L1754; 
≥700 unit/mg solid) solution (15 ng protein/30 µl equivalent 
to ~ 10 mU) was used as the positive control for the reactions. 
After incubation, the reaction mixtures were kept at 90°C for 5 
minutes in order to inactivate the enzyme followed by centrif-
ugation at 14,000 rpm for 5 minutes. The absorbance (OD405) of 
samples was determined with a spectrophotometer. The rela-
tive enzymatic activities were given as a ratio to the negative 
control or to the sample showing the lowest enzyme activity.   

Statistical Analysis 
Statistical methods used in this work include descriptive statistics 
(arithmetic mean and standard deviation) and the nonparamet-
ric Mann-Whitney test. P < 0.05 defined statistical significance.

RESULTS

Electrophoretic analysis of recombinant YpmR enzyme pro-
duced in E. coli cells
The plasmids pLac-YpmR, pLac-hYpmR and pET14b-hYpmR 
were transformed in E. coli Mach1, BL21 and/or JM107 strains, 
and the YpmR and his-tagged YpmR enzymes produced in 
these cells were analyzed using SDS-PAGE. The plasmid vectors 
were found to effectively express in the E. coli strains used. Fig-

Figure 1. SDS-PAGE/silver staining (left two panels) and Western 
blotting (right panel) analysis of B. licheniformis hypothetical 
YpmR enzymes synthesized in E. coli Mach1 cells transformed 
with pLac-YpmR and pLac-hYpmR plasmids. The proteins were 
separated on a 10% denatured polyacrylamide gel. The mouse 
monoclonal anti-his antibody and HRP-conjugated goat anti-
mouse IgG were used as the primary and secondary antibodies 
for the Western blotting, respectively.
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ure 1 shows the SDS-PAGE/silver staining and Western blotting 
results of the heterologously expressed recombinant B. licheni-
formis YpmR enzymes in E. coli Mach1 cells.

Enzymatic Activity of B. licheniformis YpmR on pNPL and 
pNPA
Enzyme activities of the lysates prepared from the transformed 
E. coli cells (E. coli BL21 and/or E. coli JM107) encoding the 
B. licheniformis hypothetical YpmR enzyme were determined 
through spectrophotometry using pNPL and pNPA as substrates. 
The activity of the recombinant YpmR enzyme produced in two 
different bacterial strains was 7-8 fold higher  (P ≤ 0.01) than 
that of the non-transformed control cells using pNPL substrate 
at 37ºC, in Tris-CaCl2 buffer (pH 7). The purified C. rugosa lipase 
enzyme used as the reference in our experiment (Sigma # L1754; 
15 ng protein equivalent to ~ 10 mU), produced high level of 
hydrolysis activity on pNPL substrate (Figure 2A). In contrast, us-
ing pNPA substrate, a similar level of enzyme activities (0.9-1.2-
fold changes) (P ≥ 0.05) was detected in both the transformed 
and non-transformed cells lysates. The purified C. rugosa lipase 
enzyme did not show hydrolytic activity on pNPA substrate (Fig-
ure 2B). These results showed that, pNPA, a substrate used for 
different esterase enzymes (21), is hydrolyzed by intracellular 
esterases other than YpmR and lipase enzymes. 

Effect of NaCl on Enzymatic Activity of B. licheniformis YpmR  
In this study, the enzyme activity of a hypothetical YpmR en-
zyme belonging to the moderately halophilic B. licheniformis 
was investigated. Therefore, the recombinant YpmR enzyme 
synthesized in E. coli cells, is believed to be active in relatively 
high salt concentrations. Based on this assumption, the hydro-
lysis activity of the enzyme expressed in E. coli JM107 cells was 
tested at salt concentrations of 0.1 M, 0.5 M and 2.5 M. The max-
imum enzyme activity was obtained at 0.5 M NaCl concentra-
tion. It was observed that the enzyme lost approximately 50% 
activity at 2.5 M NaCl concentration. The YpmR enzyme was 
found to be more tolerant against increasing salt concentration 
as compared to the C. rugosa lipase enzyme used as reference 
(Figure 3). 

Effect of pH on Enzymatic Activity of B. licheniformis YpmR
The activity of B. licheniformis YpmR enzyme synthesized in 
E. coli JM107 strain on pNPL substrate in Tris-CaCl2 buffer at dif-
ferent pH was determined through spectrophotometry (Figure 
4). The enzyme was found to have a low level of activity at pH 6 
but to show a higher activity between pH 7-9.5. The maximum 
activity of the enzyme was obtained at pH 8. In comparison to 
the C. rugosa lipase enzyme, the B. licheniformis YpmR enzyme 
was found to be much more active at pH 9.5.

Figure 2. Hydrolytic activities shown by B. licheniformis hypothetical YpmR enzyme heterologously expressed in E. coli BL21 and JM107 
bacterial strains in Tris-CaCl2 buffer (pH 7), at 37°C, using pNPL and pNPA substrates. In the experiments, 15 ng (30 µl) of C. rugosa lipase 
enzyme (~700 U/mg) was used as a reference. Results are presented in terms of mean±SD (n = 5);  (*) - P≥0.05; (***) - P≤0.01.
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Enzymatic Activity of B. licheniformis YpmR at Different 
Temperatures
The activity of the YpmR enzyme was tested at 30°C, 37°C, 45°C 
and 55°C temperatures. The catalytic activity of the enzyme pro-
duced in E. coli JM107 cells on pNPL substrate at specified tem-
peratures was determined using spectrophotometry (Figure 5). 
The enzyme showed high enzymatic activities at 30°C, 37°C and 
45°C but the activity decreased by approximately 50% at 55°C. 
However, it was observed that the C. rugosa lipase enzyme used 
as reference showed maximum hydrolytic activity at 45-50°C.

Enzymatic Activity of B. licheniformis YpmR in the Presence 
of Triton X-100
One of the industrial applications of hydrolytic enzymes is the 
detergent industry. In this regard, it is of particular importance 
that lipase enzymes are active in the presence of detergent. 
Therefore, the activity of the B. licheniformis YpmR enzyme 
produced in E. coli JM107 was tested in the presence of Triton 
X-100, a non-ionic detergent, at varied concentrations. The 
pNPL hydrolysis activity of the hypothetical YpmR enzyme in 
0.01-1% concentrations of Triton X-100 was determined using 
spectrophotometry. The enzyme maintains its activity up to 
0.25% Triton X-100 concentration. At a concentration of 0.5% 
Triton X-100, the enzyme still shows approximately 50% enzy-
matic activity and the activity decreases  to 25% in 1% Triton 
X-100 concentration (Figure 6). B. licheniformis YpmR enzyme 
was found to have higher tolerance against Triton-X-100 as 
compared to C. rugosa lipase enzyme. 

Figure 3. Hydrolytic activities of the hypothetical YpmR enzyme 
of B. licheniformis synthesized in E. coli JM107 strain and C. 
rugosa lipase enzyme on pNPL substrate at different salt (NaCl) 
concentrations. The experiments were performed at 37°C in Tris-
CaCl2 (pH.7) buffer containing different concentrations of NaCl. 
Results are presented in terms of mean±SD (n = 3).

Figure 5. Hydrolytic activities of YpmR enzyme synthesized in E. 
coli JM107 strain and C. rugosa lipase at different temperature on 
pNPL substrate. The experiments were carried out using the cell 
lysate and 15 ng (30 µl) of C. rugosa lipase enzyme at different 
temperatures as per the values on the figure in Tris-CaCl2 buffer 
at pH 7. Results are presented in terms of mean±SD (n = 3).

Figure 4. Hydrolytic activities of B. licheniformis YpmR enzyme 
synthesized in E. coli JM107 strain and C. rugosa lipase enzyme 
on pNPL substrate at different pH values. The experiments were 
performed at 37°C in Tris-CaCl2 buffer at different pH. Results are 
presented in terms of mean±SD (n = 3).
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DISCUSSION

Hydrolytic enzymes such as esterases (E.C. 3.1.1.1) and lipases 
(E.C. 3.1.1.3) are very important enzymes for biotechnological 
applications. Lipases preferentially hydrolyse insoluble tri-
glycerides while esterases hydrolyse water-soluble esters (22). 
These enzymes are frequently used as biocatalysts in industri-
al fields such as the food industry, the detergent industry, and 
alternative energy production. As a result, hydrolytic enzymes 
that are active in extreme conditions are of great importance. 
In this study, the hydrolytic activity of YpmR enzyme of a mod-
erately halophilic bacteria B. licheniformis was investigated.  
Based on B. licheniformis ATCC 14580 genome analysis, the hy-
pothetically defined YpmR protein was identified as member 
of the SGNH hydrolase superfamily (https://www.ncbi.nlm.nih.
gov/protein/52003893). However, there is no concrete data re-
garding its hydrolytic activity. Therefore, in order to determine 
the hydrolytic activity of B. licheniformis YpmR hypothetic en-
zyme, the gene was cloned in bacterial expression vectors and 
subsequently synthesized as a recombinant protein into E. coli 
cells. The synthesis of YpmR protein in the transformed cells was 
demonstrated by SDS-PAGE analyses (Figure 1). The hydrolytic 
activities of cell lysates containing the YpmR protein were test-
ed using pNPL and pNPA substrates. Interestingly, from the ex-
periments to determine the esterase group enzymatic activities 
using the pNPA substrate (23-26), high levels of hydrolytic activ-
ities were detected in both the plasmid transformed bacterial 
cell lysates and the untransformed cell lysate used as a negative 
control. As a standard control used in this study, Candida rugosa 
lipase enzyme showed no enzymatic activity against pNPA sub-
strate. Therefore, the high activity detected in the transformed 

cell lysates is most likely due to endogenous esterases. The de-
tection of extracellular esterase activity in B. licheniformis has  
also been reported in other studies (27-29). In contrast, the en-
zymatic activity experiments using pNPL as the substrate have 
detected hydrolytic activity in the YpmR expressing cell lysates, 
while very low levels of activity were measured in non-trans-
formed cell lysates (Figure 2). While the C. rugosa lipase has no 
effect on pNPA substrate, it has shown to have hydrolytic effect 
on pNPL substrate. Therefore, like other true lipase enzymes, 
the experimental results obtained in this study show that the 
hypothetical B. licheniformis YpmR enzyme has hydrolytic activ-
ity on pNPL substrate indicating high preference for medium 
and long chain triglycerols substrates. This result corroborates 
with other studies (30-33).

The ability of enzymes to preserve their structural properties 
and enzymatic activities in different environmental conditions 
particularly increases their industrial importance (34). The sta-
bility of the YpmR enzyme synthesized in E. coli cells was tested 
at different pH values, salt (NaCl) concentrations, temperatures 
and in the presence of a non-ionic detergent Triton X-100. 
Based on the test results, the pH range in which YpmR enzyme 
showed  the highest activity was at 7.0 - 9.5, while a 70-80% 
reduction in the enzyme activity was recorded at pH 6. In com-
parison to the C. rugosa lipase enzyme, it was concluded that 
the maximum activity of the synthesized YpmR enzyme was 
slightly more basic (Figure 4). In this respect, the B. licheniformis 
YpmR enzyme can be seen as a little more advantageous for 
industrial applications. The pH range in which the hypothetical 
B. licheniformis YpmR enzyme remains stable as reported in this 
study is similar to the pH values reported elsewhere (30,35-37).

Figure 6. Hydrolytic activities of YpmR enzyme synthesized in E. coli JM107 strain and C. rugosa lipase at different temperature on pNPL 
substrate. The experiments were carried out using the cell lysate and 15 ng (30 µl) of C. rugosa lipase enzyme at different temperatures 
as per the values on the figure in Tris-CaCl2 buffer at pH 7. Results are presented in terms of mean±SD (n = 3).

https://www.ncbi.nlm.nih.gov/protein/52003893
https://www.ncbi.nlm.nih.gov/protein/52003893
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One of the most important factors that affects the activities of 
enzymes is environmental temperatures. In this regard, proteins 
and enzymes from thermophilic bacteria living in hot springs 
have much more stable structures and, as a result, have high 
economic values (38-41). However, enzymes from halophilic 
bacteria are not expected to withstand very high temperatures. 
By evaluating the enzymatic activities of the YpmR enzyme 
containing cell lysates on pNPL substrate at a temperature 
ranging from 30°C to 55°C, it was revealed that the maximum 
activity of this enzyme was obtained at a temperature range of 
30-45°C with an average of 50% activity reduction at 55°C. The 
maximum activity was observed for C. rugosa lipase used as a 
control at a temperature range of 45-55°C (Figure 5). This result 
showed that moderate halophilic B. licheniformis YpmR enzyme 
has a potential application in the detergent industry where the 
maximum temperature for most reactions is below 60oC. The 
impact of temperature on the enzyme activity of the recombi-
nant B. licheniformis YpmR reported in our study corroborates 
with that of Selvin et al. 2012 and Annamalai et al. 2011 (30,36).

The maintenance of enzymatic activity at high salt concentra-
tions by enzymes is of great importance in industrial applica-
tions. For this reason, many studies have been conducted on li-
pase enzymes from diverse halophilic organisms (42,43). Lipase 
enzymes isolated from many halophilic bacteria have exhibit-
ed the ability to withstand high salt concentrations (44). The 
B. licheniformis YpmR enzyme synthesized in E. coli cells have 
shown maximum activity using pNPL substrate at 0.5 M NaCl 
concentration. When compared to C. rugosa lipase enzyme, 
the YpmR enzyme was found to be more tolerant to high salt 
concentrations (Figure 3). Similar results of salt tolerant lipase 
enzymes have been recorded elsewhere (30,31,35).

The enzymatic activity of the YpmR enzyme on pNPL substrate 
was also tested in the presence of a non-ionic detergent, Triton 
X-100. The test results showed that the B. licheniformis YpmR en-
zyme retains its enzymatic activity in media containing about 
0.01 to 0.25% Triton X-100. However, even in very low concen-
trations such as 0.05% Triton X-100 medium, the enzymatic 
activity of C. rugosa lipase enzyme, on average decreased by 
60-70% (Figure 6). These data have highlighted the potential 
applicability of B. licheniformis YpmR enzyme as an additive in 
detergents. Reports about the stability of other Bacillus lipases 
in the presence of nonionic surfactants like Triton X-100 have 
been documented by other studies (31,33,35,45).

CONCLUSION

The moderate halophilic B. licheniformis hypothetical YpmR 
enzyme heterologously synthesized in E. coli cells has hydro-
lytic activity on pNPL substrate. The enzyme was observed to 
be more tolerant to an increase in NaCl and Triton X-100 con-
centrations compared to the C. rugosa lipase enzyme used as a 
control and  showed  potential for application in the detergent 
industry. Therefore, further purification and characterization of 
this promising hypothetical enzyme are  important for future 
research goals.
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INTRODUCTION

Inflammation is an important physiological process trig-
gered by tissue injury of endogenous or exogenous or-
igin and is characterized by redness, heat, swelling and 
pain (1). It involves the cooperation of endothelial cells 
forming the blood vessels and different immune cell 
types that secrete several critical cytokines [Interleu-
kin-1 (IL-1) family members IL-1β, IL-18; Tumor necrosis 
factor alpha  (TNFα); IL-6], chemokines (IL-8) and lipids 
(prostaglandin) (2). Among these different signaling 
molecules released in the extracellular milieu, IL-1β is 
involved in the induction of fever and its over-secretion 
is associated with many pro-inflammatory disorders 

(3). Interestingly, unlike other mediators, IL-1 family 
members IL-1β and IL-18 are synthesized as precursors 
that lack a signal sequence triggering their secretion 
through the conventional endoplasmic reticulum/
Golgi pathway (4). Instead, the maturation of pro-IL-1β 
and pro-IL-18 in the cytosol through their proteolytic 
cleavage by Caspase-1 is required for their secretion (4). 
Although the secretion pathways are not fully under-
stood, the mechanisms that activate Caspase-1 have 
been characterized in the last fifteen years (5).

Synthesized as an inactive precursor itself, Caspase-1 
is recruited to multiprotein complexes called inflam-
masomes formed by a receptor protein and the adaptor 
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ABSTRACT

Inflammation is a major physiological process required for the detection of pathogens and their elimination from an organism. 
It is triggered by the innate immune system that gets activated through the recognition of danger- or pathogen-associated 
molecular patterns by protein complexes called inflammasomes. The activation of inflammasomes does not only eliminate 
the replicative niche of pathogens by inducing infected cells’ death (called pyroptosis) but also leads to the secretion of pro-
inflammatory cytokines such as Interleukin-1β (IL-1β) and IL-18, which in turn triggers the recruitment of other immune cells 
to the infection site and mediates communication with neighboring resident cells. The cysteine aspartate protease Caspase-1 
is the common effector enzyme of different inflammasomes and is responsible for the maturation of Gasdermin D and IL-1β 
required for the induction of pyroptosis and the secretion of IL-1β through the Gasdermin D pores. Several gain of function 
mutations in inflammasome forming receptor proteins including Caspase-1 were associated with severe auto-immune and 
auto-inflammatory diseases pointing out the necessity of the tight regulation of these complexes. In this review, we focused 
on Caspase-1 that is at the crossroad of inflammatory cell death and IL-1β secretion. We describe its discovery, Caspase-1 
activator signals, its substrates and the inhibitors that have been designed. We also discuss ongoing research that reveals 
novel unexpected roles for this protease. This review is a good reference not only for the beginners in innate immunity and 
inflammation but also provides an update on Caspase-1’s biology for more advanced researchers.
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ASC (6). Different types of inflammasomes able to sense diverse 
danger and pathogen-associated molecules assemble and trig-
ger pro-Caspase-1 cleavage into mature and active Caspase-1. 
Activation of Caspase-1 results in two major outcomes: the in-
duction of an inflammatory cell death called pyroptosis by the 
cleavage of the Gasdermin D protein and the processing of pro-
IL-1β into mature IL-1β that will be secreted from the cell through 
Gasdermin D pores and will mediate inflammation (7-9). Because 
over-activation of these complexes results in IL-1-dependent au-
to-inflammatory diseases, the development of inhibitors for in-
flammasome components and their usage in the cure of these 
diseases are hot topics in the field (10). This review focuses on 
Caspase-1 as a central player in the initiation of the immune re-
sponse and mounting of the first line of immune defenses.

Caspases are proteases synthesized as zymogens with an N-ter-
minal pro-domain that is removed by proteolytic cleavage when 
they get activated (11). The human Caspase family contains 12 
fully characterized members (Caspase-1 to 10, Caspase-12 and 
Caspase-14) that can be classified into three groups according 
to their principal functions: inflammation, apoptosis and differ-
entiation (Figure 1). Inflammatory Caspases family consists of 
Caspase-1, -4, -5 (Caspase-11 in mouse) and -12 (11-13). Apoptot-
ic Caspases are involved in either intrinsic (mitochondria- depen-
dent) or extrinsic (through the induction of death receptors such 
as Fas or Trail) pathways of apoptosis (14). While some of them ini-
tiate the apoptotic signaling cascade (Caspase-2, -9, 8, -10), others 
are responsible for the cleavage of substrates that mediate apop-

totic cell death (Caspase-3, -6 and -7) (Figure 1). Caspase-14, on 
the other hand, gets activated during the terminal differentiation 
of keratinocytes and protects the skin against UVB radiations (15). 

Caspase-1, the founder protein of the Caspase family involved in 
the maturation of the main inflammation mediator IL-1β, is con-
served between various species from human to Drosophila (Fig-
ure 2) and is ubiquitously expressed in various cell types and tis-
sues including immune cells such as macrophages, neutrophils 
and dendritic cells; cells of the nervous system, epithelial cells and 
intestinal cells (16). Among the other pro-inflammatory Caspases, 
Caspase-4, Caspase-5 and their murine homolog Caspase-11 are 
both receptors and effectors of the non-canonical inflammatory 
pathway (7). Caspase-4 and Caspase-11 directly bind a bacterial 
wall component - the lipopolysaccharide (LPS) - and induce cell 
death that in turn triggers the induction of the canonical NLRP3 
pathway and leads to Caspase-1 and IL-1β activation (7). Al-
though the non-canonical pathway is well characterized in mice, 
the mechanism is less understood in humans. Caspase-5 that is a 
gene duplication of Caspase-4, is only expressed in humans and 
is not implicated in the maturation of Caspase-1 and IL-1β (17). 
The exact role of Caspase-5 is still under investigation.

Caspase-12, the last member of the inflammatory Caspases 
(Figure 2), has acquired a polymorphism resulting in the expres-
sion of a short protein only containing the pro-domain.  A cata-
lytically inactive long form resulting from T125C polymorphism 
is found in African populations giving them susceptibility to 

Figure 1. Functional classification and structure of Caspases.
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certain infection (Figure 1) (13,18). Whereas murine Caspase-12 
induces ER-dependent apoptosis in response to amyloid β stim-
ulation, human Caspase-12 displays an anti-inflammatory role 
through the inhibition of NFκB pathway (13,19). 

Taking into consideration the importance of inflammation in 
the immune response and the fact that all substrates and acti-
vator pathways are not yet fully understood, we will, in this re-
view, focus on the founder of the Caspase family, the Caspase-1 
protein by surveying its discovery, the available mouse models, 
the established and emerging cellular functions, the molecular 
mechanisms of its activation, the associated diseases and de-
signed inhibitors. 

DISCOVERY of CASPASE-1 and GENERATION of CASPASE-1 
KNOCKOUT MICE 

Caspase-1 was discovered following extensive research con-
ducted to identify the enzyme responsible for the maturation 
of IL-1β, an important cytokine mediator of inflammation and 
implicated in many pathologies. The 31 kDa precursor pro-IL-1β 
protein was found to be cleaved into its 17 kDa active form after 
the Asp116 when incubated with the cytosolic extract of hu-
man monocytes. This enzyme was called ICE for interleukin con-
verting enzyme (20,21). ICE was synthesized as a 45 kDa inac-
tive protein and two subunits: p20 (19,866 kDa) and p10 (10,248 
kDa) were mediating its catalytic activity (22,23). Because of the 
presence of a catalytically essential cysteine residue in the p20 
subunit of ICE and the requirement of an Aspartate in the sub-
strate for the cleavage, ICE was nominated as “Caspase-1” for 
Cysteine Aspartate Protease (20,22,24). 

Caspase-1 knockout mice were generated through the insertion 
of a neomycin selection cassette into the sixth exon of Caspase-1 
gene encoding for the active site of the enzyme resulting in the 
synthesis of truncated and non-functional Caspase-1 protein 
lacking residues important for substrate recognition and catal-
ysis. Caspase-1 knockout (KO) mice developed normally, were 
fertile and contrary to expectations at that time, Caspase-1 
absence had no effect on apoptosis but presented reduced IL-
1β and IL-1α secretions in response to ATP or Nigericin stimu-
lations (25,26). While two independently generated Caspase-1 
KO mice were used to elucidate Caspase-1’s functions for years, 
an important publication showed that the 129S mouse strain 
used to generate Caspase-1 KO mice also contains a splicing 
mutation in the Caspase-11 gene that leads to the synthesis of 
a truncated and inactive Caspase-11 protein (Caspase-11 Δ110; 
12). Thus, the previously generated Caspase-1 KO mice by using 
129S mouse strain were Caspase-1/11 double KO (dKO) mice 
(12). These findings led to a series of experiments that elucidat-
ed the exact role of Caspase-1 that will be presented below.

CASPASE-1 ACTIVATORY PATHWAYS 

Caspase-1 is synthesized as an inactive pro-Caspase-1 enzyme 
and is cleaved into biologically active Caspase-1 in response to 
different inflammatory stimuli. Caspase-1 can be activated di-
rectly by canonical inflammasomes or indirectly following the 
induction of the non-canonical Caspase-11 inflammasome.

Among the canonical inflammasomes, the NLRP1 inflammasome 
assembles in response to anthrax lethal toxin that directly 
activates NLRP1b through cleavage and triggers Caspase-1 

Figure 2. Genomic structure and phylogenetic anlaysis of Caspase-1.
A. Organization of the locus encoding different inflammatory Caspases. B. Exons of Caspase-1. C. Structure and critical amino acids of Caspase-1. D,E. 
Phylogenetic analysis of different caspases in human (D) and mouse (E).
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maturation (27). The widely studied NLRP3 inflammasome is 
activated in response to MSU crystals, synthetic bacterial RNA 
and small components, bacterial toxins and ATP and Listeria 
monocytogenes infections (28-31). Caspase-1 is also directly 
interacting with NLRC4/IPAF protein. NLRC4/IPAF has CARD, 
NACHT and LRR domains and interacts with pro-Caspase-1 
though its CARD domain (32). Pseudomonas aeruginosa 
stimulation assembles the NLRC4/IPAF inflammasome and 
activates pro-Caspase-1 (33). Finally the pyrin and HIN domain-
containing protein AIM2 also formed an inflammasome and 
activated Caspase-1 after cytoplasmic DNA sensing (34,35). 
Moreover, Caspase-1 is also the effector Caspase of the NLRP7 
inflammasome activated in response to microbial lipopeptides 
stimulations and the NLRP2 in the central nervous system 
through ATP induction (36,37).

The non-canonical Caspase-11 inflammasome also activates 
Caspase-1 but through an indirect mechanism. Cytosolic 
Caspase-11 recognizes lipopolysaccharide (or LPS) that is 
a structural component of Gram-negative bacteria such as 
Salmonella typhimirium or Pseudomonas aeruginosa (38,39). 
Active Caspase-11 cleaves Gasdermin D that forms pores into the 
plasma membrane and induces pyroptosis (7). Changes in ionic 
fluxes in the pyroptosis-undergoing cells are sensed by the NLRP3 
inflammasome that gets activated and induce the processing of 
Caspase-1 (40). Direct processing of Caspase-1 by Caspase-11 
was also proposed but needs further confirmation (41).

Caspase-1 was also described to be activated in response 
to apoptosis inducing stimuli. Apoptosis was first described 
in C. elegans and is mediated by the Ced-3 protein (42). 

Because Caspase-1’s sequence was highly similar to Ced-
3 and overexpression of Caspase-1 in cells induced death, 
Caspase-1 was considered as an inducer of apoptosis (43). 
The role of Caspase-1 in apoptosis was further confirmed by 
the finding that the stimulation of thymocytes isolated from 
Caspase-1 KO mice with Fas ligand did not undergo apoptosis 
(26). Similarly, overexpression of Caspase-1 induced apoptosis 
in response to Fas stimulation in colon cancer cell lines (44). 
Indeed, overexpression of Caspase-1 triggers apoptosis in 
prostate cancer cell lines in response to ionizing radiation 
(45). Caspase-1 also induces cell death in human neurons 
by proteolytic cleavage of its target Caspase-6, an effector 
apoptotic Caspase (46). Moreover, Caspase-1 is implicated in 
Yersinia pseudotuberculosis induced apoptosis and is directly 
processed by Caspase-8 after the infection (47). Besides its 
intracellular apoptotic function, Caspase-1 is also present in 
microvesicles secreted outside the cell and the treatment of 
lymphocytes with these Caspase-1 charged vesicles induces 
apoptosis (48). However, since pyroptosis was only defined in 
late 2000s and the only programmed cell death was considered 
to be apoptosis, this data has to be taken with caution and 
need verifications. Nonetheless, recent evidences suggest 
that in the absence of Gasdermin D, Caspase-1-dependent cell 
death followed by Caspase-3 and Caspase-9 activation can 
be induced in response to classical inflammasome-activator 
stimuli (49). These findings need to be further characterized.

MOLECULAR MECHANISM of CASPASE-1 ACTIVATION 

Caspase-1 is synthesized as a 45 kDa precursor pro-Caspase-1 
formed by a CARD domain, p20 and p10 subunits that is ac-
tivated by auto-processing in response to stimulations. Pro-
Caspase-1 is cleaved at Asp103, Asp119, Asp297 and Asp316 
sites and the N-terminal CARD domain is released to generate 
p20 and p10 subunits (22) (Figure 2). In vitro studies demon-
strate that oligomerization of pro-Caspase-1 is required prior 
to the self-cleavage (50). Overexpression of the p45 precursor 
or CARD domain lacking p30 peptide formed by p20 and p10 
subunits is sufficient to induce the processing of Caspase-1 into 
p20 and p10 active subunits suggesting that Caspase-1 is acti-
vated by auto-processing (50) and that bringing pro-Caspases 
in close proximity is enough to activate the enzyme (induced 
proximity model). Solving the Caspase-1 crystal structure re-
vealed that active Caspase-1 forms a tetramer constituted by 
a central dimer of p10 subunits and two surrounding p20 sub-
units (51). 

The ASC protein that is formed by PYRIN and CARD domains 
acts as an adaptor between Caspase-1 and receptors lacking a 
CARD domain (52). Upon inflammasome activation, ASC and 
pro-Caspase-1 directly interact with each other through homo-
typic CARD/CARD interactions forming multimeric scaffolds, 
called foci or specks (52). ASC speck brings pro-Caspases-1 
into close proximity and promotes their cleavage by induced 
proximity (52). While transfection of ASC CARD domains alone 
or PYRIN domains alone cannot form specks, foci formation is 
triggered by full length ASC or by co-transfection of ASC CARD 
and Caspase-1 CARD (53).

The Death Domain family is known to form filamentous struc-
tures. While overexpression of full-length ASC forms specks, 
overexpression of PYRIN or CARD domains alone results in fil-
amentous structures. In our laboratory, we proposed by mu-
tational analyses that ASC protein aggregation occurs at two 
levels: first of all, filament formation is induced, and these fila-
ments compact further to form specks (54). 

In conclusion, ASC and Caspase-1 oligomerize with themselves 
through respectively PYRIN/PYRIN and CARD/CARD domains 
and are maintained in an inactive state (55,56). Upon stimula-
tion, ASC gets activated by transient PYRIN/PYRIN interactions 
with NLRP proteins and forms specks by recruiting Caspase-1 
proteins through the interaction of its CARD domain with 
Caspase-1’s CARD and activates Caspase-1 cleavage by induced 
proximity (55). We also showed in a recently published paper 
that ASC speck formation could be disrupted by CARD contain-
ing NLR proteins such as NLRC3 (57).

Caspase-1 activates its substrates by cleavage at a specific as-
partate residue. Alignment of known Caspase-1’s target pro-
teins and in vitro studies with inhibitory peptides revealed that 
the preferential cleavage site of Caspase-1 is the “WEHD” amino 
acid sequence (58). Arg179 and Gln283 residues of p20 subunits 
and Arg341 of p10 subunit of Caspase-1 recognize WEHD se-
quence and cleaves after the aspartate on the target sequence 
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(59).  Crystallography of Caspase-1 with Ac-YVAD-CHO inhibi-
tor and mutant analyses showed that Caspase-1’s catalytic site 
is formed by both p20 and p10 subunits (51,59). The Cysteine 
in the active site is the Cys285 and has an adjacent His237 and 
these two residues are responsible for catalysis (59). 

SUBSTRATES of CASPASE-1 

Once it gets activated, Caspase-1 is responsible for the cleav-
age of pro-inflammatory cytokines IL-1β, IL-18 and IL-33; the 
pyroptosis mediating pore forming protein Gasdermin D; 
MyD88 adaptor-like protein Mal and the inflammasome form-
ing Pyrin protein.

Pro-IL-1β is the first substrate that led to the discovery of 
Caspase-1 (21,60). TLR receptor stimulation activates the NFκB 
pathway and induces the synthesis of pro-IL-1β. Pro-IL-1β is a 31 
kDa precursor and is processed at Asp116 into its mature 17 kDa 
form by Caspase-1 and gets secreted from the cell to initiate 
inflammation. The second pro-inflammatory cytokine pro-IL-18 
is identified as an 18 kDa IFN-γ inducing factor (or IGIF) and is 
cleaved by Caspase-1 at Asp35 residue in response to inflam-
masome activation (61). Mature IL-18 is secreted from activated 
cells and together with IL-12 induces the production and secre-
tion of IFN-γ from neighboring cells (62). 

Identification of Gasdermin D as a substrate of Caspase-1 was 
an important milestone in the inflammasome research field. Al-
though it was clear that a programmed cell death distinct from 
apoptosis and depending on Caspase-1 was triggered, it is only 
in 2014 that pro-Gasdermin D protein was characterized as the 
substrate of Caspase-1. N-terminal domain of Gasdermin D was 
released from the inhibitory C-terminal domain and formed 
pores at the plasma membrane of the cells. These Gasdermin 
D pores not only formed conduits for IL-1β secretion but also 
induced pyroptosis (9,63).

Another Caspase-1 target is IL-33. While full-length IL-33 is bi-
ologically active and promotes pro-inflammatory cytokines 
secretion to alert the immune system, processing of IL-33 at 
Asp178 by Caspase-1 produces an inactive product and in-
hibits inflammation (64). Besides the regulation of cytokines, 
Caspase-1 also modulates the NFκB pathway. Caspase-1 pro-
cesses Pyrin protein between residues Asp330 and Ser331 and 
the cleaved 30 kDa Pyrin translocates into the nucleus and 
activates the NFκB pathway. Mutations of the MEFV gene en-
coding Pyrin is associated with Familial Mediterranean Fever 
(FMF). Mutant Pyrin proteins are more susceptible to Caspase-1 
cleavage and cause the aberrant inflammatory cytokine secre-
tion observed in patients (65). MyD88-adaptor like Mal protein 
is another target of Caspase-1. Mal is involved in the activation 
of NFκB upon TLR4 and TLR2 stimulations. Whereas full-length 
Mal is inactive, Caspase-1 cleaved Mal induces the NFκB path-
way. Caspase-1 cleaves Mal at Asp198 and generates an active 
21 kDa peptide (66). 

Proteomic screen of Caspase-1’s substrate revealed that the 
apoptotic effector Caspase-7 is a Caspase-1 target. Upon 

Salmonella infection or LPS and ATP treatment of macrophages, 
Caspase-1 cleaves Caspase-7 at two sites: Asp23 and Asp198. 
Caspase-1 is required for Caspase-7 activation in response 
to Salmonella infection since Caspase-7 is not activated in 
Caspase-1 KO macrophages (67). Caspase-6 is another protein 
regulated by Caspase-1. Caspase-6 is expressed in neuronal 
cells and induces apoptosis in response to serum starvation. 
Caspase-1 was shown to be the upstream regulator of Caspase-6. 
Caspase-1 activated Caspase-6 by proteolytic cleavage and 
triggers cell death. Caspase-1 inhibition or depletion prevents 
Caspase-6 activation (46).

CASPASE-1 IN HUMAN DISEASES

A number of physiologically occurring Caspase-1 variations 
were identified in patients with auto-inflammatory diseases 
and suffering from different types of cancer, but no association 
was established between these variations and the disease phe-
notype (Table 1). Indeed, the screen of tumors for Caspase-1 
mutations did not reveal any variations (Table 1).

Only neurological and cardiovascular diseases were associated 
with some Caspase-1 polymorphisms. In a screen of elderly per-
sons, rs554344 (10643C allele) and rs580253 (5352A allele) were 
shown to correlate with low IL-1β levels in the LPS-stimulated 
blood of carriers and with improvement of their memory per-
formance (68). Thus, polymorphisms decreasing Caspase-1’s ac-
tivity and resulting in lower IL-1β levels had a protective effect 
on neurological functions. 

The G+7/in6A polymorphism (also called Ain6) was significantly 
more represented in controls compared to patients with myo-
cardial infarctus or with a history of cardiovascular disease. 
Carriers of Ain6 variation had a lower level of IL-18 in the circu-
lating blood compared to the non-carriers. Moreover, Ain6 poly-
morphism resulted in a decrease of Caspase-1’s mRNA levels 
in vitro (69). Thus, Ain6 has a protective effect on cardiovascular 
diseases by decreasing Caspase-1 levels and lowering IL-18 se-
cretions. Taken together, these data suggest a deleterious role 
of Caspase-1 induced excessive IL-1β and IL-18 secretion in neu-
rological and cardiovascular diseases.

Caspase-1 p.N263S (rs 139695105), p.K319R (rs1751523) and 
p.R240Q (rs45617533) polymorphisms were identified in pa-
tients with auto-inflammatory diseases and decreased both 
the enzyme‘s activity and IL-1β secretion in vitro. Crystal struc-
ture analysis showed that these variants affect the formation 
of H-bounds between the subunits of Caspase-1 dimers and 
destabilized the stability of the enzyme in high temperatures. 
Moreover, patients with homozygote R240Q polymorphism 
had a decrease in IL-1β secretions compared to wild-type con-
trols (70). 

Deregulation of Caspase-1’s functions had also an impact on 
different human pathologies (Table 2). Caspase-1’s inflamma-
tory activity negatively correlates with neurological disorders 
such as Huntington’s disease, Amyotrophic Lateral Sclerosis 
and with cerebral ischemic injury. Knock-in of the dominant 
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negative C285G Caspase-1 protein caused the regression 
of Huntington’s disease whereas inhibition of Caspase-1 by 
zVAD-fmk had a protective effect on the SOD mutant mice 
model of ALS (77,78). Indeed, expression of dominant negative 
Caspase-1 or injection of Caspase-1 inhibitors resulted in a de-
crease in IL-1β levels in the injured brain, inhibited cell death 
and rescued the normal phenotype in a mouse model of tran-
sient ischemia (79-81).

Caspase-1 is also implicated in different types of cancer and 
acts as a pro- or anti- tumorigenic protein depending on which 
pathway it activates (inflammation or cell death respectively). 
Caspase-1 exerted an anti-tumorigenic effect through the in-
duction of apoptosis in LNCaP prostate cancer lines upon TGF-β 
stimulation or in DU-145 prostate cancer cell lines upon irradi-
ation (82). Caspase-1 had a tumor suppressor effect in a mod-
el of azoxymethane dextran sodium sulfate colitis-associated 
colorectal cancer in cooperation with NLRC4, which is known 
to induce a p53-dependent apoptosis (83). Finally, Caspase-1’s 
expression is regulated by the tumor suppressor p63 and low 
Caspase-1 levels correlate with a mild cancer phenotype (84).

In contrast, Caspase-1 has a pro-tumorigenic impact by induc-
ing inflammation. Caspase-1 was activated in hepatocellular 
carcinoma cell lines under hypoxic conditions through the 
HMGB1/TLR4/RAGE pathways and promoted metastasis and in-
vasion of these cells (85). Caspase-1 was also implicated in leu-
kemia by promoting acute myeloid leukemia cell lines’ prolifera-

tion through IL-1β secretion (86). The proteins forming different 
inflammasomes NLRP3, AIM2 and NLRP1 were associated with 
colorectal, and skin cancers respectively (87-89).

As an essential protein of inflammasomes and a regulator of 
the inflammation mediator IL-1β, Caspase-1 deregulation was 
associated with different inflammatory diseases. Cryopyrin-as-
sociated periodic syndromes or CAPS are characterized by the 
presence of mutations in the NLRP3 gene leading to the over-
activation of NLRP3 inflammasome, thus Caspase-1 is activated 
and induces IL-1β secretion constitutively (90). NLRP3 mutations 
were also found to cause increased IL-1β secretion in FMF and 
Behcet’s disease (91,92). Similarly, Caspase-1 also has an impact 
on arthritis since its depletion declined IL-1β levels in joint and 
ameliorate the disease phenotype in a mouse model of chronic 
arthritis (93). Caspase-1 also plays a role in endometriosis. Exam-
ination of the peritoneal fluid of infertile women showed that 
IL-1β and Caspase-1 levels are higher compared to unaffected 
controls and correlate with the severity of the diseases (94). 

Caspase-1 is also implicated in metabolic pathologies such as 
diabetes or obesity. In retinal diabetes, in the presence of high 
glucose concentrations, Caspase-1 gets activated and an in-
crease in IL-1β levels was observed together with degeneration 
of retinal capillaries (95). An absence of Caspase-1 also caused 
diabetes and obesity in male mice with a high fat diet because 
IL-18 could not be activated and active IL-18 deficiency led to 
insulin resistance (96).

Table 1. Caspase-1’s variations and association with diseases.

Disease Identified variations Phenotype References

Auto-inflammatory
p.N263S, p.K319R and 

p.R240Q

Decrease in Caspase-1 activation and IL-1β 
cleavage in vitro; R240Q has an effect on IL-1β 

secretion in vivo.

70

Gastric cancer

p.M345K and
IV2-3C>A

Unknown.
71 

No mutation identified Screen for Caspase-1 mutations.
72

Prostate cancer No mutation identified
Decrease in Caspase-1 levels in tissues. Screen 

for Caspase-1 mutations.
73,74 

 

All types of cancer rs501192
No difference between patient and healthy 

groups.
75

Age-related cognitive 
functions

rs554344 and  rs580253
(A allele)                              

Decrease in IL-1β secretion, better cognitive 
function.

68

rs488992 and rs1977989    
No effect on IL-1β secretion, no correlation 

with cognitive function.

Alzeihmer’s disease
rs501192, rs556205 and 

rs530537
No difference between patient and healthy 

groups.
76

Cardiovascular disease Ain6 Decrease in Caspase-1 mRNA in vitro. Less IL-18 
secretion in the patient sera.

69
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CASPASE-1 INHIBITORS

As Caspase-1 is an important player in the crossroad of inflam-
mation and cell death and is implicated in various diseases, 
Caspase-1 inhibitors were identified and designed early after its 
discovery. The cowpox virus expresses Cytokine Response Mod-
ifier A (CrmA) protein that inhibits Caspase-1-induced inflam-
mation to escape the clearance of the infected cell by the host 
immune system (97). CrmA directly binds Caspase-1’s active site 
through its “LVAD” sequence, forms a stable complex with the 
p20 subunit and prevents the IL-1β maturation. Caspases -8 and 
-6 are also inhibited by CrmA (98). Similarly, p35 forms an irre-
versible inhibitory complex with Caspase-1 and prevents IL-1β 
maturation in vitro (99). p35 also inhibits Caspases -1, -3, -6, -8 
and -10 but has a higher affinity for Caspase-3 (100). 

Synthetic inhibitory peptides compete with the substrate for 
binding to the catalytic site of the Caspases’ catalytic site. The 
first minimal substrate found to bind Caspase-1 was Ac-Tyr-Val-
Ala-Asp-CHO (Ac-YVAD-CHO) and it acted as a reversible com-

petitive inhibitor.14 Analyses of the target substrates sequences 
reveled that the ‘W-E-H-D’ consensus motif is recognized by 
Caspases -1, -4 and -5. These tetrameric peptides were engi-
neered in order to increase cell permeability and minimize cell 
toxicity. They contain a benzyloxycarboxyl group (-Z) or buty-
loxycarboxyl group (-BOC) in N-terminal and a fluoro-methyl 
ketone (-FMK) or chloro-methyl ketones (-CMK) or an aldehyde 
(-CHO) in C-terminal (101). 

Ac-WEHD-CHO was used to characterize the biochemical pro-
priety of the Caspase-1 enzyme and is a reversible competi-
tive inhibitor (22). Ac-WEHD-CHO has the highest affinity for 
Caspase-1 (Ki=0,056) but also inhibits Caspase-8 (Ki=21,1), -4 
(Ki=97) and -5 (Ki=43) (90). Ac-YVAD-CHO is also a reversible 
inhibitor highly specific to Caspase-1 (Ki=0,76 compared to 
Ki= 362, 163 and 352 for Caspases -4, -5, and -8 respective-
ly (101). Z-YVAD-FMK is a competitive and irreversible pan-
Caspase inhibitor and was used in many diseases both in vitro 
and in vivo.

Table 2. Diseases influenced by deregulation of Caspase-1’s functions.

Disease Induced Genetic Alterations Phenotype References

Huntington’s disease
Dominant negative 
Caspase-1 (C285G)

Knock-In.

Delay of disease progression and mortality 
in mice.

77

Amyotrophic Lateral 
Sclerosis

Caspase-1 inhibition by 
zVAD-fmk.

Protective effect.
78

Cerebral ischemic 
injury

Dominant negative 
Caspase-1 (C285G) 

Knock-In.

Decline of IL-1β levels. Resistance to trophic 
factors.

79,80

Caspase-1 inhibition by  
zVAD-fmk and others.

Increase in tumor size through induced cell 
proliferation.

81

Colon cancer Caspase-1 KO mice
Increase in tumor size through induced cell 

proliferation.
83

Leukemia Caspase-1 inhibition.
Suppression of leukemia cell

lines’ growth.
71

Hepatocellular 
carcinoma

Caspase-1 activation during 
hypoxia through HMGB1-

TLR4 signaling.

Promotes metastasis and
invasion of hypoxic HCC or

Hepa cell lines.
70

Prostate cancer
Overexpression of TGF-β in 

prostate cancer lines.
Caspase-1 activation and apoptosis 

induction.
82

CAPS, FMF and 
Behcet’s disease

NLRP3 mutations.
Overactive Caspase-1 and enhanced IL-1β 

secretion.
72-74

Arthritis Caspase-1 KO mice Caspase-1 KO inhibits chronic arthritis.  75 

Diabetes
Caspase-1 inhibition by 

minocycline. 
Prevents capillarity degeneration induced 

by diabetes.
77

Obesity Caspase-1 KO. Lack of IL-18 cause obesity in male. 78 
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Antisense Caspase-1 oligonucleotide (5’-CCT-TGT-CGG-CCA-
TGG-C-3’) inhibited Caspase-1 in cells from Acute Myeloid Leu-
kemia patients and impaired the cell proliferation and reduced 
the levels of secreted IL-1β (102). 

VX-765 (or Belnacasan) binds Caspase-1 reversibly and inhibits 
LPS-induced IL-1β and IL-18 secretions in FCAS patients’ cells 
(103). Similarly, VX-765 inhibits IL-1β secretion in mice after 
intravenous injection of LPS (104). VX-765 was also used in the 
treatment of depression in a mouse model and caused the re-
gression of epilepsies (105-107). Pralnacasan (or VX-740) is also 
a reversible inhibitor specific to Caspase-1 (108). VX-740 was 
used in osteoarthritis, DSS-induced colitis and its active metab-
olite in cerebral brain ischemia and showed improvement of 
the symptoms of these pathologies (109-112).

CONCLUSIONS 

Caspase-1 is an important player in immunity and constitutes 
an essential component of the inflammasome complexes that 
detect and eliminate pathogens. It was first identified by its 
homology with the ced-3 protein that is implicated in apop-
tosis (20,21).  Further characterization revealed that Caspase-1 
cleaves to maturation an important cytokine, IL-1β, and thus 
was named IL-1β converting. However, further characterization 
of the cell death induced by Caspase-1 revealed that this cell 
death was physiologically and morphologically different from 
apoptosis and was called pyroptosis (7,8). 

Besides its role in the cleavage of IL-1β and IL-18, which are two 
important cytokines playing an essential role in immunity and 
associated pathologies, Caspase-1 also induces the death of 
cell by the proteolysis of the Gasdermin D proteins that form 
pores at the plasma membrane disrupting cellular integrity and 
inducing pyroptosis. Gasdermin pores also constitute conduits 
for IL-1β release. The absence of IL-1β, IL-18 maturation and se-
cretion and Gasdermin D cleavage and pyroptosis in Caspase-1 
knockout macrophages shows that Caspase-1 is required for 
these events to occur. 

In the induction of pyroptosis, Caspase-1 shares the common 
substrate Gasdermin D with Caspase-11. For long years, the 
use of Caspase-1 KO mice generated from cells containing a 
Caspase-11 gene encoding a naturally mutated non-functional 
Caspase-11 protein, masked the crucial role of Caspase-11 in 
host defense against microorganisms. Caspase-11 and its hu-
man homologs Caspase-4 and Caspase-5 were found to directly 
sense lipopolysaccharide - a structural component of Gram-neg-
ative bacteria - through their CARD domain. This recognition 
triggered a cascade of signaling resulting in the cleavage of Gas-
dermin D by Caspase-11 and in the induction of pyroptosis.

Inflammasome overactivation by gain of function mutations or 
constitutive stimulation cause inflammatory diseases. Different 
types of Caspase-1 inhibitors have been designed: synthetic 
peptides binding to Caspase-1’s substrate binding site, anti-
sense oligonucleotides or non-peptidic molecules. Both pepti-
domimetics Pralnacasan and Belnacasan entered clinical trials 

but were withdrawn due to cellular toxicity. Targeting strategies 
turned to the inhibition of the final product IL-1β instead of 
Caspase-1. For instance, the IL-1 receptor antagonist Anakinra 
is used to treat inflammatory diseases. Recently, a potent NLRP3 
inhibitor MCC950 was identified and entered clinical trials (113). 
Later studies suggested that inflammasomes are not only im-
plicated in auto-inflammatory diseases but may also have a 
role in neurological disorders and different types of cancer. 
For instance, knockouts of inflammasome forming NLRP1 and 
AIM2 proteins were shown to enhance tumor growth (87-89). 
It is not clear yet if the phenotypes are dependent of their in-
flammasome forming properties (thus involving Caspase-1) or 
whether are they are the result of other unknown cellular func-
tions of these proteins.   

In summary, Caspase-1 is located at the crossroad of cell death 
and inflammation and may be the factor deciding whether the 
cell death should be immunologically silent (apoptosis) or ac-
tive (pyroptosis). If the cell is able to clear the bacterial infec-
tion via Caspase-1-dependent inflammasome activation, then 
the immunological response will be silent. However, if the cell 
could not stop and clear the infection or the danger, the cell 
may activate Caspase-1 dependent pyroptosis and recruit other 
immune cells to the immune site. The presence of Caspase-1 
into phagosomes may have a role in antigen processing and 
presentation to immune cells. Caspase-1 is not a simple prote-
ase but has many substrates with important cellular functions 
such as inflammation or cell death. 
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INTRODUCTION

Wet type cooling towers are heat exchangers that allow 
water and air to come in contact to decrease the tem-
perature of the circulating water and they provide an 
ideal niche for bacteria to grow and colonize (1,2). One 
of the best known water pathogen in cooling systems 
is Legionella bacterium, which causes Legionnaires’ dis-
ease. The ever first Legionella outbreak in 1976 led to 
the recognition of a new genus, responsible for both 
Pontiac fever and Legionnaires’ disease. Legionella 
can flourish in cooling tower water and spread to hu-
mans when expelled aerosols containing the bacteria 
is inhaled (3,4). Mostly, Legionnaires’ disease outbreaks 

were sourced from wet cooling towers. The recent 
deadly Legionnaires’ disease outbreak occurred in 
Brescia, Italy in 2018, where 42 people contracted the 
bacteria, two of whom died (5-7). Infections caused by 
Legionella are the leading cause of waterborne disease 
outbreaks. 

The formation of a robust biofilm on a man-made dis-
tribution system can be detrimental (8). It is generally 
accepted that biofilms have a crucial role in the survival 
of Legionella bacteria within man-made water systems 
(9). Biofilm layers are suitable environments for patho-
gens microorganisms and harbors bacteria that could 
damage the material (10-12). Recently, microbiological 
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ABSTRACT

Objective: Cooling towers are heat exchangers which are utilized in specific industrial devices. They possess the potential 
to support Legionella bacteria. The objective was to evaluate the efficacy of biocide impregnated polymer against regular 
polypropylene polymer in terms of anti-Legionella features during a 120-day period.  

Materials and Methods: To reduce the bacterial colonization in towers, anti-Legionella splash fill and regular polypropylene 
splash fill material were tested to compare anti-Legionella activity and biofilm formation potential within a 120-day period 
using a lab-scale recirculating cooling tower model system. The system was experimentally infected with Legionella 
suspension and operated continuously for 120 days. 

Results: Legionella colonization occurred on both test material surfaces beginning at the first month. Legionella counts on 
surfaces were increased over time on standard polypropylene surfaces. The product with anti-Legionella activity showed 
significantly lower Legionella colonization in comparison to standard polypropylene fill.

Conclusion: The product with anti-Legionella activity has a significant biocidal effect against surface-associated Legionella 
under the above-mentioned conditions which mimics cooling tower water systems. Product seems to facilitate effective 
control program criteria against Legionella colonization in cooling towers.

Keywords: Legionella, cooling tower, fill material, biofilms, Legionella pneumophila
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contamination in industrial and domestic water systems has 
been a growing problem for many years. From the water source 
to the industrial water systems, the bulk water passes through 
kilometers of pipes (13). At any point in this distribution sys-
tem, the microorganisms involved in the water are transported 
together with the water flow and multiply by adhering to the 
surfaces of the man-made water systems (14,15). Biofilm layers 
in industrial cooling systems develop mostly on fill material, as 
temperatures there support the fast multiplication of the genus 
Legionella (16). The polymer surface is always at risk of becom-
ing colonized with harmful bacteria and, therefore, it is a hazard 
to humans because of the potential for it to indirectly pass on 
these disease-causing microorganisms.

Ideally, preventing biofilm formation and Legionella coloniza-
tion would be a more logical option than cleaning or treating it. 
The appearance of biofilm associated problems plainly shows 
that new anti-biofilm and Legionella control procedures are 
required. However, there is currently no better technique or 
procedure that is able to completely eradicate the unwanted 
biofilms (17,18). Several procedures to reduce the colonization 
of microbial biofilms have been studied over the years, with di-
verse degrees of success (19). In various industrial set-ups, toxic 
metals or a spectrum of biocides have been used for sanitizing 
purposes and biofilm reduction. However, a single strategy may 
not be enough for comprehensive prevention. Evidence has 
shown that environmental surfaces play an important role in 
the transmission of nosocomial pathogens like Legionella. Ex-
tensive research has focused on mitigating the development of 
biofilms at the water-solid interface (2,19-21).

The general technical performances of the cooling towers are 
mainly influenced by the functional characteristics of the cool-
ing tower fill used in the cooling systems. The objective of the 
recent study was to evaluate the efficacy of biocide impregnat-
ed polymer against regular polypropylene polymer in terms of 
anti-Legionella features during a 120-day period. Targets have 
achieved enhanced cooling performance, lengthened the ma-
terial life, reduced clogging and limited the growth of biofilm 
associated bacteria. The study was implemented using a recir-
culating water system under persistent hydraulic shear stress, 
which corresponds with the conditions in real life man-made 
water systems.

MATERIALS AND METHODS 

The experiment was completed using a laboratory scale re-
circulating water system (150 l water capacity). Distributed 
municipality water was added to complete the water lost by 
evaporation and blowdown. Control and test surfaces were not 
immersed; they were only in contact with spray water. All test 
surfaces were secured with suspenders over the water surface 
without any touch to each other (Figure 1). During the study, 
the temperature of the water was set stable at 37°C, an aver-
age of general cooling tower bulk water temperature. Constant 
temperature also eliminates the probable effects on biofilm for-
mation.

At the beginning of the setup, bulk water was seeded with 
standard strain suspension containing Legionella pneumophila 
ATCC 33152 (1 ml of L. pneumophila inoculum at 105 cells/ml) 
and operated for 120-days. No chemicals were supplemented 
to the water, to exclude their adverse effects on natural biofilm 
formation and bacteria.

The test objects were a hybrid (mix) type splash fill, adapted 
to the technological requirements of any wet cooling tower 
(Figure 2). Anti-Legionella fills were factory produced and the 
anti-Legionella feature of the chlorine based agents was immo-
bilized during production. Unlike classic sheet fill, the splash fill 
is very efficient, practically invulnerable at impurity clogging, 
resistant to the influence of physical and chemical factors. The 
splash fill consists of individual elements with network appear-
ance from injected polypropylene with optimized apertures 
and plies which generate both drops and films in its volume. 

Figure 2. Cooling tower splash fill. Green one is the product with 
anti-Legionella features.

Figure 1. Schematic view of the lab-scale water system, black 
arrows indicate water flow, gray arrows indicate evaporation. S: 
surfaces, P: pump, B: blowdown outlet, M: make-up water inlet, 
H: heater.
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Surface sections of the two test materials were removed 
monthly from the model system, gently washed by sterile tap 
water to remove planktonic cells. Samples on preset locations 
were removed by sterile lancet, suspended in phosphate buffer 
saline and vortexed slowly for 1 min. For heterotrophic bacte-
rial plate count (HPC) determination, 10-fold diluted biofilm 
and bulk water samples were spreaded (0.1 ml) onto R2A agar 
(OXOID, UK) containing Petri dishes and kept at 28°C for 10 
days. As an ideal tool to cultivate heterotrophic bacterial num-
bers in oligotrophic waters, R2A plates incubated at 28°C for 
10 days were recommended by Reasoner and Geldreich (22). 
All platings were done by triplicate analyses. To culture Legio-
nella bacteria, biofilm samples were pre-treated with acid solu-
tion for 15 minutes (KCl-HCl solution, pH 2.2) to decrease the 
growth of accompanying co-flora. Pre-treated and untreated 
samples (0.1 ml) were inoculated onto BCYE agar (OXOID, UK) 
containing selective supplement and incubated at 37°C for 10 
days. Colonies similar to Legionella morphology were subcul-
tured to blood agar and BCYE agar plates. Final identification 
was completed using Legionella Latex Agglutination Kit (OX-
OID, UK) (Dennis, 1988). 

Bacterial numbers were log10 converted and standard errors of 
the means were calculated by software. Differences between 
numbers were tested for significance using a t-test; differences 
were accepted significantly different at P < 0.05. Statistical anal-
yses were performed using SPSS 21.0 software.

RESULTS AND DISCUSSION 

Following successful seeding of Legionella bacteria, they were 
rapidly adhered to surfaces, colonized and increased up to 400 
CFU/cm2 (CFU: Colony Forming Unit) on surfaces at the end of 
the first 30-days. Legionella bacteria have maintained their cul-
tivation and viability throughout the test period on all surfaces 
and also in bulk water. The heterotrophic bacterial numbers 
showed a similar growing trend during the test period. The het-
erotrophic bacteria in bulk water were also adhered to the test 
surfaces and colonized rapidly until day 120.

Depending on the L. pneumophila culture results, Legionella colo-
nization was monitored on both test material surfaces beginning 
at the first month of the experimental period (Figure 3). Legionella 
counts on surfaces were increased gradually over time. Statisti-
cally, a significant difference was found between two test mate-
rials in terms of Legionella growth on surfaces. The green colored 
product with anti-Legionella activity showed significantly lower 
Legionella colonization in comparison to standard polypropylene 
splash fill after completion of the 120-day test period (P < 0.05). 
Legionella counts on standard polypropylene surfaces increased 
gradually from 416 CFU/cm2 to 208.929 CFU/cm2 within the 120-
day period. The highest Legionella count on anti-Legionella sur-
faces was recorded as 7.244 CFU/cm2. The 2 log reduction on an-
ti-Legionella test surfaces was statistically significant. 

Furthermore, the fill material with anti-Legionella activity 
showed also significantly lower heterotrophic bacterial col-
onization in comparison to standard control group polypro-
pylene fill after 120-day test period (P  <  0.05) (Figure 4). Het-
erotrophic bacterial counts on standard PP surfaces increased 
gradually from 107.151 CFU/cm2 to 2.754.228 CFU/cm2 within 
the 4-month period. The highest heterotrophic bacterial count 
on anti-Legionella surfaces was recorded as 218.776 CFU/cm2, 
where the value was one log smaller than on standard polypro-
pylene fill surfaces. 

The dissolved oxygen amount of the water circulation system 
was measured monthly with the oximeter (WTW-Oxi 330, Ger-
many). The device has been calibrated before each use. Also 
the bulk water pH value was measured (KCP Handheld Digital 
pHmeter, China) and recorded every month before samples 
were taken (16). Despite the water blowdown regime (added 
daily ~3 liters of fresh network water), the dissolved oxygen 
amount and the pH values in the water phase were slightly in-
creased throughout the experiment. Blowdown (make-up) was 
regularly done to avoid concentration of total dissolved solids 
in the system water. The dissolved oxygen amount and pH val-
ue raised gradually from 6.55 mg/l to 7.98 mg/l and from 6.52 to 
6.96, respectively. Some selected make-up water parameters at 
the local water company are given in Table 1.

Figure 3. L. pneumophila numbers on surfaces during 120 days. 
Error bars represent standard error. *P < 0.05 compared with 
Anti-Legionella group.

Figure 4. Heterotrophic bacterial numbers on surfaces during 
120 days. Error bars represent standard error. *P < 0.05 compared 
with Anti-Legionella group.
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Antimicrobial polymers are designed to inhibit the growth 
of bacterial biofilms on a variety of surfaces and the industry 
shows the greatest growth and growing demand (23). Our ob-
jective was to observe and evaluate the anti-Legionella proper-
ty of the fill material in biofilm within mixed flora in the presence 
of Legionella bacteria. Data suggest that the anti-Legionella 
splash fill has an effective surface agent that limits Legionella 
colonization on its surface. A similar study also revealed signifi-
cantly low counts of microorganisms colonized on the SANIPA-
CKING® cooling tower sheet fill (24), which contains impregnat-
ed chlorine based antimicrobial agents. Damian and Paţachia 
(25) tested polypropylene polymers containing antimicrobial 
agents. They emphasize the advantages of using antimicrobi-
al pipes in comparison to standard pipe material. On the other 
hand, results clearly depict that L. pneumophila proliferated in a 
very short time during the study within the bulk water system, 
which proves that cooling towers are ideal incubators for that 
bacteria and therefore regular control programs are crucial. The 
efficacy of the fill material against these organisms provides 
promise for future applications in reducing the transmission of 
Legionnaires’ disease outbreaks sourced from cooling towers 
and reducing the numbers of pathogens in public spaces. 

Due to increasing constraints on environmental discharge of 
disinfecting agents, as well as a demand to reduce costs, the 
water treatment industry has been looking for alternative ways 
to reduce biofilm formation and microbial counts in industrial 

systems. There is still scope for further work in terms of con-
trolling biofilm formation in man-made water systems (26). The 
results also demonstrate that one way approaches could not 
control the bacterial colonization efficiently. It could be con-
cluded that polymers impregnated with antimicrobial agents 
might decrease biofouling on water associated surfaces. A com-
bination of protective measurements should be routinely ap-
plied and monitored in man-made water systems for individual 
and environmental protection.
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