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Instructions to Authors

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

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

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medi-
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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
of Extinction and the Convention on the Trade in Endangered
Species of Wild IUCN Policy Statement on Research Involving
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Endangered Species of Wild Fauna and Flora.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).
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criteria recommended by the International Committee of Medi-
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1 Substantial contributions to the conception or design of
the work; or the acquisition, analysis, or interpretation of
data for the work; AND

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

3 Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in

ensuring that questions related to the accuracy or integrity
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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).
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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
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for the Conduct, Reporting, Editing, and Publication of Scholarly
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chnical evaluation process where the editorial office staff will
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« Name(s), affiliations, and highest academic degree(s) of the
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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.



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.
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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, ¢, etc.) to indicate figure subu-

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 4500 250 (Structured) No limit 6 Maximum 10
Short Communication 2500 200 30 3 4
Review Article 5500 250 No limit 5 6
Letter to the Editor 500 No abstract 5 No tables No media
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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 x 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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ABSTRACT

Objective: The aim of the present work was to develop a protocol for season independent propagation of Colchicum luteum
and enrichment of colchicine yield under salt stress.

Materials and Methods: C. luteum was collected from Kashmir, India and was cultured in vitro. The callus was exposed to
different NaCl (salt) treatments and the yield of colchicine was quantified by high pressure liquid chromatography (HPLC).

Results: Different explants viz. seeds, leaves, anthers and corm were used and the callus was only induced from corm
segments. The callus induction and proliferation were best achieved on Murashige and Skoog medium supplemented with
2.0mgL"2,4-D + 4.0 mg L' BAP. Direct and indirect plant regeneration from corm was observed in 2.0 mg L' BAP + 2.0 mg
L' NAA added medium. The addition of adjuvants like activated charcoal and citric acid was noted to be less efficient for
improving callus growth. Induced callus was elicitated with different NaCl concentrations (T, = without NaCl, T, = 25, T, = 50,
T;=75,and T, =100 mM). The yield of colchicine was quantified by HPLC at periodic intervals (2, 4, and 6 weeks). All the used
levels improved colchicine yield, but the content was maximum at T; (871.4 ng mg™ DWB). This is the first report of callus
induction and plant regeneration from corm and the quantification of colchicine under salt stress in C. luteum.

Conclusion: Sodium chloride is thus a potential inducer and elicitor in improving colchicine yield in C. luteum.
Keywords: Colchicum luteum, exudates, regeneration, colchicine, in vitro cultures, stress

INTRODUCTION

Colchicum luteum Baker is rare to Jammu and Kashmir
and belongs to the family Colchicaceae (1). It is
commonly known as “Suranjan” or “Hirantutiya” and
in Kashmir the plant is known as “Vir keom” The plant
is popularly found on the edges of sub alpine forests
and in open meadows in the temperate western
Himalayas extending from Kashmir to Chamba at

altitudes of between 700 and 2800 m. The plant bears
conical-shaped corm with a middle groove, running
longitudinally along its flat side, rapier (elongated and
pointed) leaves, short scape and bright yellow flowers.
The corms are wrapped with a dark brown thin cover,
flattened on one side while the other side is rounded.
Leaves are fewer in number and are approximately
15-30 cm in length and 0.8-1.5 cm broad. The alkaloid
colchicine is extracted from C. luteum (2), and is used for
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the treatment of various diseases like Behcet's syndrome (3) and
gout - also known as“rich man’s disease”. C. luteum possesses anti
cancerous activity due to colchicine and demecolcine (4). The
corms of C. luteum are antinociceptive and anti inflammatory (5).

Seed propagation of C. luteum is rather difficult because of
its hard coat, low germination rate and long juvenile stage of
about five years (6). Because of these difficulties in seed based
propagation, young corms could be used as a good alternative
source of different Colchicum species (7). Colchicine is used
widely in plant improvement programmes and because of
its other medicinal applications there arises an urgent need
to conserve plant sources in vitro and ex situ. In vitro micro
propagation provides a sensible technique for the conservation
of rare and endangered plants (8).

The objective of the present work was to design a method
for propagation of C. luteum and to enrich colchicine levels
in cultivated tissues under NaCl elicitation/stress. To our best
knowledge there is no report on callus culture from corm
sections in C. luteum. The effect of salt stress in regulating the
colchicine yield was also described.

MATERIALS AND METHODS

Collection of Plant Material

Colchicum luteum Baker plants (10 accessions each) were
collected from different locations viz., Sonmarg, Gulmarg,
Awantipora, Ferozpur, Apharwat and Kralisangri of Kashmir
province. The plants were very similar apart for one or two
morphological attributes (corm, perianth). Plant material was
authenticated and the herbarium of the same was submitted to
the Centre for Biodiversity and Taxonomy, University of Kashmir,
bearing voucher no. 2212-KASH.

Surface Sterilization of Explants

Different explants viz. leaves, corms, perianth, filaments, anthers
and seeds were used during the present study. The explants were
kept under running tap water for 30-45 min, the corms however,
required more time (45-60 min). Later these explants were kept
in labolene and tween for a further 15 min. The explants were
sterilized with double distilled water to remove the traces of
detergents and dipped in 70% ethanol for 5 min, followed by
washing with double distilled water multiple times to remove
the traces of ethanol. Afterwards, these explants (other than
corms) were surface sterilized in 4% sodium hypochlorite (10
min) while the corms were dipped in 0.1% mercuric chloride
(HgCl,) for 20 min and washed 3-4 times by using autoclaved
double distilled water under a laminar hood. The surface
disinfected explants were inoculated in Murashige and Skoog
(MS) (9) medium fortified with different plant growth regulators
(PGRs). In some cases, citric acid and activated charcoal were
used as adjuvants to analyze their influence on callus initiation
and other in vitro morphogenesis process.

Callus Induction, Proliferation and Regeneration
MS medium was used for the initiation of cultures. Before
inoculation, the incised corm sections were first put into
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autoclaved water for 15 min to leach out alkaloids or other
materials that would otherwise interfere with growth. After
inoculation, the cultures were placed in an incubation room
and were exposed to 16 h of photoperiodism. The MS medium
used for the establishment of culture was supplemented with
different PGRs. The different concentrations and combinations
of PGRs were 0.5 mg L 2, 4-D, 0.5 mg L'NAA, 0.5 mg L' BAP, 0.5
mg L' 2,4-D+0.5mgL"BAP, 1.0 mg L' 2,4-D + 1.0 mg L" BAP,
05mgL'2,4D+05mgL'NAAand 1.0 mg L' 2,4-D + 1.0
mg L NAA. To initiate and proliferate callus at higher rate, other
physico-chemical parameters tried were the effect of red light
and the effect of GA; (0.25,0.50 and 1.0 mg L").

Scanning Electron Microscopy (SEM)

For SEM. callus with somatic embryos were collected from sub
cultured medium. The tissue was fixed in 3% gluteraldehyde,
washed with a 0.05 M potassium phosphate buffer (pH 7.0) and
then dehydrated using ethanol. The sample was dried in a High
Vacuum Evaporator (Hitachi-HUS 5GB). After gold plating, the
sample was observed under a Scanning Electron Microscope
(Hitachi S-3000).

Stress Treatment

Sodium chloride (NaCl) was added to the MS medium and
dissolved properly prior to pH maintenance. The callus was
then exposed with different concentrations of sodium chloride.
The various concentrations used were T;= 25 mM, T,= 50 mM,
T3=75mMandT,= 100 mM NaCl and a control (T,= 0 mM) was
also kept for comparison.

HPLC

Extraction

The collected callus material was dried at room temperature for
1-2 weeks. The dried samples were ground using a pestle and
mortar. Powder samples weighing 0.5 g were placed in a 50 ml
conical flask containing 10 ml of Petroleum Ether, frequently
shaken for 1 h, this process repeated, and finally the mixture was
filtered using Watmann'’s filter paper. The solid residues were
dried in a vaccum, 10 ml of dichloromethane was added and then
shaken regularly for 45 min. Then, 0.5 ml of 12.5% ammonium
hydroxide was added followed by 15 min constant shaking. The
cocktail was kept undisturbed for 30 min and the calli residues
and the supernatant were preserved after filtration. About 10 ml
of HPLC grade dichlorometane was used to wash the calliresidues
and was later filtered. The filtrates were collected and the organic
phase was allowed to evaporate to dryness in a vacuum at room
temperature and then dissolved in 10 ml of ethanol (70%). The
mixture was filtered using filter paper and then transferred to
2.0 ml Eppendorf tubes. A few biochemical tests were carried
out to confirm the presence of colchicine. An alcoholic solution
of colchicine is red in colour when treated with ferric chloride
(FeCl;) and yellow in colour when treated with mineral acids.

Instrumentation
The analysis of the colchicine was done by using HPLC system
called WATERS (Milford, USA) having Waters PDA 2998 series
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photodiode array detector set at wavelength range 190-800
nm. The column from the Waters Spherisorb® C18 bonded with
5 um (4.6 x 250 mm) accompanied with EMPOWER-2 software
was utilized for collection and processing of chromatographic
data. Ultrasonic cleaner (Steryl medi-equip systems) and water
purification system ELIX 03 (MILLIPORE, USA) was also used.

Sample Preparation

Stock solution of colchicine (marker) of concentration T mg/ml
was used. Other samples were dissolved in methanol and stored
at a low temperature (4°C) until used. Different dilutions of stock
solution with methanol were used to obtain 100 pg/ml so as to
get standard curve.

Optimization of Chromatographic Conditions

Separation of compounds by HPLC is largely governed by the
type of mobile phase used and organic modifiers. Different
compositions, combinations, flow rate of organic solvents and
other chromatographic parameters were used to standardize
the protocol for optimization. The mobile phase combination of
H,0: MeOH: Formic acid in the ratio of 50: 50:0.1 with isocratic
elution at flow rate of 1.0 ml/min was used and found to be
the optimum combination. For colchicine, best resolution and
sensitivity was obtained at 352 nm. The chromatogram of sharp
and symmetric peak of retention time 3.82 min was obtained
under optimized conditions.

Validation of Optimized Method

After optimizing the chromatographic method, it was validated
according to ICH guidelines for linearity, sensitivity, precision
and recovery studies were carried out (ICH Guidelines, 1994; IC
Guidelines, 1996).

Calibration Curve (Linearity)

The calibration curve linearity was drawn by using six different
concentrations of colchicine (in triplicate) and the calibration
curve was plotted in 1-100 pug/ml of colchicine range. The curve
was plotted by replicate analysis at all concentration levels and
the linear relationship was established using the least square
method with Microsoft® Excel program.

Precision

Intra-day and inter-day precision for the developed method
were calculated as percent relative standard deviation (%
RSD). For intra-day precision, the experiments were repeated
three times a day while for inter-day, three different days were
considered. The concentration values for both intra-day and
inter-day precision were calculated six times respectively and %
RSD was similarly computed.

Detection and Quantification Limits (LOD and LOQ)

Limits of detection and quantification were calculated by
method based on standard deviation (o) and slope (S) of
calibration plot using formula LOD = 3.30/S and LOQ = 100/S.

RESULTS

Different explants viz. corms, leaves, perianths, filaments,
anthers and seeds of C. luteum plants from different
geographical locations were tested in MS medium. Callus
initiation was only achieved from corm explant (Figure 1a)
irrespective of source regions. Seeds showed no response
even after physical scarification (rubbing with sand paper) as
the seeds possess a hard seed coat. The leaf and anther were
also noted to be non responsive. Anthers turned black after
a week of inoculation, perianth showed slight puffiness at
the base of attachment after two weeks of inoculation and
filaments showed bulging after two weeks of incubation.
Anther, perianth and leaf all failed to produce callus in tested
media conditions.

Different concentrations and combinations of PGRs were
tried for callus production. In the first sets of experiments,
2, 4-D alone and in combination with BAP was used. From
Table 1, it is apparent that the low auxin and high cytokinin
concentrations / ratios were more efficient in inducing callus
and for further growth (Figure 1b). Of all the combinations
tested, 2.0 mg L' 2, 4-D + 4.0 mg L' BAP proved to have a
good effect on callusing frequency. BAP alone had no
effect on callus initiation. The induced callus initiated

Table 1. Callus induction (%) from corm in C. luteum, MS medium was amended with below mentioned PGRs.

Callus induction (%)

PGR (mg L")

2 weeks 4 weeks 6 weeks
0.252,4-D 15.0+2.882 18.33+1.66° 21.66+4.40°
0.50 2,4-D 18.33+1.66° 20.00+5.00° 41.66+1.66°
1.02,4-D 35.00+2.88¢ 41.66+3.33¢ 43.33+1.66¢
1.0 2,4-D + 2.0 BAP 21.66+1.66° 23.33+1.66° 26.66+1.66°
2.0 2,4-D + 4.0 BAP 53.33+3.33¢ 61.66+1.66' 76.66+1.66'
3.02,4-D + 6.0 BAP 28.33+4.40° 31.66%1.66° 35.00+2.88¢
LSD at 5% 0.01 0.00 0.002

Values are means + standard errors of 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p < 0.05 level

according to LSD.




Eur J Biol 2020; 79(2): 67-74
Magsood et al. Colchicine Quantification in Salt Treated Colchicum luteum

Figure 1. Callus induction, embryogenesis and plant regeneration in C. luteum (a) initiation of callus from corm explant (arrow) (b) callus
proliferation (c) somatic embryos (arrows) (d) direct shoot regeneration and (e) SEM of somatic embryo. (Bar 1a-1d =2 mm; bar 1f =300 pm).

from corm explant was yellowish, soft and exudated slimy
viscous secretions. For a higher rate of callus initiation
and proliferation, other methods using explant with GA;
and exposing the explant in red light (by providing a red
transparent cover to the vial) was noted ineffective. Callus
biomass growth/proliferation was observed in different PGR
combinations and concentrations but the rate of growth
was highest (0.65 mg) in the 2.0 mg L' 2, 4-D + 4.0 mg L
BAP (Figure 2) added medium. The initial amount of callus
placed in the MS medium was 0.15 mg and the biomass
increase was monitored after 2, 4 and 6 weeks of culture. In
order to adsorb phenolic exudates, various strategies like the
addition of citric acid and activated charcoal were used as
adjuvants. These adjuvants were added to the medium to
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see the influence of their effect on callusing and on growth
by reducing callus browning, however, the response was
noted to be non-promotive (Tables 2 and 3).

On sub culturing the callus on the same medium, the corm-
callus transformed into embryogenic callus, which was
distinctly different from non embryogenic tissue. Although
the number of somatic embryos varied, on average 6-8
different stages of embryos (Figure 1c) were noticed per callus
mass of about 200-300 mg. The number of embryos increased
with each subculture. Moreover, the young corm-bud directly
regenerated into shoots (Figure 1d) on MS medium. The
embryo bearing callus was subjected to SEM studies to know
more about the embryo details which revealed globular
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Figure 2. Callus biomass growth (mg) in different concentrations
and combinations of PGR. (I = 0.25 2, 4-D; I =0.50 2, 4-D; lll = 1.0
2,4-D;IV=1.02,4-D + 2.0 BAP; V=20 2,4-D + 4.0 BAP; VI = 3.0
2,4-D + 6.0 BAP)

embryos with stalk present on the surface of the callus (Figure
1e). The embryo developed on embryogenic callus on sub
culturing on shoot regeneration medium produced shoots
(Table 4); the combination of 4.0 mg L' BAP + 2.0 mg L'
NAA was noted to be the most efficient treatment for shoot
development. For direct shoot regeneration, 2.0 mg L' BAP
+ 2.0 mg L' NAA supplemented medium was observed to
be very effective (Table 5). All other treatments also showed
some direct shoot regeneration ability with variable efficiency
(33.33- 40.66% after 6% weeks of culture).

The process of elicitation is an important technique to improve
secondary metabolites in culture. Elicitors are molecules which
activate plant defense mechanism and in turn improve alkaloid
yield. In the present study, NaCl was used as an abiotic (salt)
stress and the yield of colchicine was quantified in embryogenic

Table 2. Effect of adjuvants on callus induction percentage, MS medium was supplemented with 2.0 mg L' 2, 4-D + 4.0 mg L' BAP

Callus induction (%)

Adjuvants

2 weeks 4 weeks 6 weeks
Control (without adjuvant) 53.33+£1.66° 61.66+1.66° 76.66+1.66°
Citricacid (10g L") 41.66+1.66° 45.00+2.88° 48.33+4.40°
Activated charcoal (1.0g L") 45.00+2.88° 45.00+2.88° 51.66+3.33°
LSD at 5% 0.021 0.005 0.011

Values are means + standard errors of 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p< 0.05 level

according to LSD.

Table 3. Effect of adjuvants on callus biomass, MS was supplemented with 2.0 mg L' 2, 4-D + 4.0 mg L BAP (initial weight = 0.15 mg)

Callus proliferation (mg)

Adjuvants

2 weeks 4 weeks 6 weeks
Control (without adjuvants) 0.20+0.02° 0.30+0.02° 0.58+0.01¢
Citric acid 0.18+0.005° 0.22+0.01° 0.32+0.01°¢
Activated charcoal 0.19+0.005° 0.21+0.008° 0.23+0.006°
LSD at 5% 0.60 0.04 0.00

Values are means + standard errors of 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p < 0.05 level

according to LSD.

Table 4. Effect of BAP and NAA at below concentrations on shoot development ability from embryogenic callus in C. luteum.

Shoot development rate (%)

PGR (mg L")

2 weeks 4 weeks 6 weeks
2.0 BAP+1.0 NAA 36.66+1.66° 43.33+1.66° 46.66+1.66°
4.0 BAP+2.0 NAA 53.33+2.88¢ 60.00+2.88¢ 70.00+2.88¢
6.0 BAP+3.0 NAA 38.33+4.40° 41.66+3.33° 46.66+3.33°
LSD at 5% 0.01 0.006 0.001

Values are means + standard errors of at least 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p< 0.05

level according to LSD.
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Table 5. Shoots directly regenerated from corm explants in C. luteum, MS medium was amended with below PGR combinations

and concentrations.

Direct regeneration rate (%)

PGR (mg L")
2 weeks 4 weeks 6 weeks

1.0 2,4-D+1.0 BAP 26.66+4.40° 30.00+2.88° 36.66:+4.40°
2.0 2,4-D+2.0 BAP 23.33+3.33° 30.00+2.88° 35.00+2.88°
3.0 2,4-D+3.0 BAP 28.33+1.66° 35.00+3.33° 40.66+2.88°
1.0 BAP+1.0 NAA 25.00+2.88° 28.33+1.66° 33.33+3.33°
2.0 BAP+2.0 NAA 55.00+2.88¢ 61.66+1.66° 71.66+1.66f
3.0 BAP+3.0 NAA 31.66+1.66° 36.66+1.66° 40.00+2.88°
LSD at 5% 0.00 0.00 0.01

Values are means + standard errors of 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p< 0.05 level

according to LSD.

cultures as these tissues were more differentiated and supposed
to synthesize alkaloids much than the undifferentiated, non-
embryogenic callus. The HPLC chromatograms of standard and
treated culture are presented in Figure 3 and Figure 4. Almost
all the concentrations of NaCl improved colchicine in tissues,
but the content was at its maximum in T3 (133.6 ng mg”' DWB),
followed by T4 (106.6 ng mg™' DWB) after 6™ weeks of culture.

<Chromatogram>
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Figure 3. Chromatogram showing standard peak of colchicine.

As expected, the minimum level of colchicine was detected
in TO i.e. NaCl-free culture (Table 6). Results clearly indicate
that the colchicine level improved with an increase in NaCl
concentration, but at higher doses, the colchicine accumulation
declined.
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Figure 4. Chromatogram peak showing maximum vyield of
colchicine in salt treated cultures at T; (T; =75 mM ) in C. luteum.

Table 6. Effect of different concentrations of NaCl (salt) on colchicine content (ng mg™ DWB) in C. luteum after regular interval of

time (2 weeks, 4 weeks and 6 weeks)

Colchicine content (hng mg' DWB)

Nacl After 2 weeks After 4 weeks After 6 weeks
Ty 47.00£3.2° 55.00+6.0¢ 66.66+5.2¢
T, 79.66+5.2¢ 85.33+4.0° 98.33+£6.3¢
T, 73.33+3.3° 87.33£6.1°¢ 98.66+8.4¢
T 102.3+£6.5¢ 112.0£5.6¢ 133.6%13.5f
T, 88.00£6.6¢ 101.0+7.9¢ 106.6%7.2¢
LSD at 5% 0.00 0.001 0.004

Values are means + standard errors of 3 replicates. Within each column, values are followed by the same alphabet are not significantly different at p< 0.05 level
according to LSD. (T,= without NaCl, T, = 25mM, T, = 50mM, T; = 75mM and T, =100 mM NaCl).
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DISCUSSION

In this present investigation, the impact of NaCl was studied on
colchicine yield in in vitro raised tissues in C. luteum. Seeds are
the primary source of explants, but here in this present study,
the seeds did not germinate, even after stratification. Morteza
etal. (10) reported similar response of no seed germination with
stratification; hot temperature treatment, however, improved
seed germination potentiality in C. kotschyi. As an alternative,
other plant parts viz. leaves, corms, perianth, filaments and
anthers were used for inducing callus and the corm was noted
to be responsive only in producing callus. In another species
of Colchicum (C. hierosolymitanum), callus was successfully
induced from embryonic axis of seeds inoculated on 0.45 uM 2,
4- D supplemented medium (11). This explant-specific response
is not new and has been noted in a large number of investigated
cases (12). This differential callus forming ability may be due to
the presence or absence of an endogeneneous level of PGRs
and other physiological gradient in diverse explants (13). The
callus was established in 2, 4-D added medium alone and in
combination with BAP. The addition of PGRs particularly the
auxin, was noted to be very promotive in producing callus
in a number of studied plant materials (14,15). With a few
exceptions of brown callus, the callus was mostly pale yellow,
moderately hard, compact and slimy in nature. The browning
may have been due to exudates present in corm which leached
out into the medium (11). This result is very similar to previous
findings on Origanim vulgare L. where phenolic browning
appeared after two weeks of callus incubation (16). Shweta et
al. (17) reported that the addition of citric acid (10.0 mg L") in
medium efficiently minimized the effect of phenolic exudation
in C. luteum. In our present study, citric acid amendment had
no significant effect on Colchicum cultures. The callus however,
grew well and produced good amount of biomass (fresh weight)
on increased concentration of BA (9 uM) and 2, 4-D (0.45 uM) in
other investigated study and the observation (11) is similar and
coincides with our present investigation.

Theinduced callusonsub culturing onthe same 2,4-D containing
medium transformed into embryogenic callus, distinctly
different from non-embryogenic tissues on which a variable
number of embryos were differentiated indirectly. No embryo
was developed on the medium supplemented with NAA under
light or dark conditions, a few embryos were, however, obtained
on PGR- free medium. This indirect formation of embryo on
callus was noted in several economically important plants (18).
The influence of 2, 4-D/auxins on induction of callus and later
on embryo formation was reported in several investigated cases
(19,15). Nidal et al. (11) noted that the presence of 2, 4-D alone
or in combination with BA was very effective in inducing callus
and promoting somaticembryo numbersin C. hierosolymitanum
culture. In this present study, we observed embryogenic callus
on 2, 4-D and BAP added medium, confirmed by SEM studies.
Scanning electron microscopic study has been widely used
for the establishment and confirmation of somatic embryo
mediated plant regeneration in a number of plant systems
(20,21). The auxin’s molecular role in inducing callus/embryo
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is not known fully but several lines of research suggested that
auxins upregulate genes under stress situations in acquiring
embryogenic competence (22,23). Induced embryos matured
and germinated into plants on a BAP added medium. The
embryo germination/maturation is a key step in embryo-
mediated propagation in which the addition of BAP or with NAA
supplementation in medium facilitated plantlet production
from embryos in other systems is used (24). The dormant corm
bud was inoculated for shoot formation and within one or two
weeks, outgrowths appeared as a first indicator of bud, which
later turned into shoot primordia and grew moderately in
the same BAP + NAA amended medium. Similar direct shoot
primordial formation and their growth were noted in BAP, and
with NAA added MS medium in many plants (25).

The present investigation was also conducted to see the impact
of NaCl on colchicine yield in in vitro raised embryogenic tissues.
The yield of colchicine was noted high in NaCl amended medium
especially at T3. A similar enriched level of phyto-compounds
following elicitation was reported in several investigated
plant materials (26-28). The current study also revealed that
the influence is dependent on NaCl concentration, the high to
moderate level (75 mM) was more responsive in promoting
colchicine compared to low NaCl levels (25 mM and 50 mM)
and control. Earlier, in a similar approach Al- Fayyad et al. (29)
quantified colchicine yield in corms (0.052%), flowers (0.025%)
and leaves (0.013%) in Colchicum hierosolymitanum by using
different NPK fertilizer levels. In this species (C. hierosolymitanum),
the maximum vyield of colchicine was also noted in callus
added to 30 mM NH, and 0.1 M of sucrose (30). Sivakumar
et al. (31) described the importance of biorhizomes, rhizome
specific genes/gene which over expressed in rhizomes for the
biomanufacture of colchicine as root, callus and cell suspension
of G. superba and various species of Colchicum yielded poor level
of colchicine. It is believed that the synthesis of colchicine and
colchicoside, a related secondary metabolite are often controlled
by various external factors; our results thus indicate that NaCl
could be a good inducer in improving colchicine yield, therefore
of huge practical applications. The synthesis of alkaloid has
been noted to be more in differentiated embryogenic tissue
and at the onset of somatic embryo formation (marked by the
appearance of procambial tissue and rudiments of transport
systems like vascular elements), the synthesis of alkaloids begins,
this indicates that the yieldcontent of alkaloid is directly related
with embryogenesis (32). How and why synthesis is variable in
different plant parts is still not known, some future experiments
dealing with genes participating colchicine biosynthesis may
help in unraveling the fact.

CONCLUSION

For callus induction, corm pieces proved to be the suitable
explant, which produced callus on 0.5 mg L' 2, 4-D and
0.5 mg L' BAP added MS medium. In C. luteum, the combination
of low auxin and high cytokinin concentration are necessary
compared to the auxin alone. The growth of callus at the
beginning is, however, slow. The induced callus transformed
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into embryogenic tissue and later produced somatic embryos.
The recent study suggests sodium chloride is a potential
inducer in improving colchicine yield in C. luteum.
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ABSTRACT

Objective: Histone variants are important modulators of chromatin functions. Studies have pointed out that epigenetic
factors are often dysregulated in carcinogenesis. Although some cancer-associated mutations of the histone variant H3.3
have been identified previously, a complete list of H3.3 mutations and their potential effects is yet to be uncovered. Therefore,
this study aims to identify the missense mutations of the histone variant H3.3 in central nervous system (CNS) cancers and to
computationally predict their functional consequences on pathogenicity, protein stability and structure.

Materials and Methods: A complete set of human H3.3 mutations was acquired from the COSMIC v90 database and
missense mutations were selected. The potential effects of these mutations were assessed using PredictSNP2 and FATHMM-
XF. Structural outcomes were predicted using MUpro and HOPE servers.

Results: We identified 45 unique missense H3.3 substitutions in several tissues including CNS. PredictSNP2 and FATHMM-XF
predicted 17 and 42 mutations as deleterious respectively, most of which caused decreased protein stability. Amino acid
alterations in CNS cancers were predicted to cause alterations of the 3D structure.

Conclusion: Histone variants play significant roles in epigenetic regulation and are often mutated in cancers. Our results
showed that H3.3 mutations detected in CNS cancers could affect the genomic distribution of post-translational modifications
and histone variants, hence dramatically alter the gene expression profile and contribute to carcinogenesis.

Keywords: Epigenetics, histone variant H3.3, mutation analysis, cancer

INTRODUCTION ylation, RNA interference, post-translational histone
modifications and incorporation of histone variants
into chromatin. Histones are small, basic proteins en-
coded by several copies of histone genes located with-
in the major histone locus. Canonical histones, namely
H2A, H2B, H3 and H4 are strictly synthesized during the
S-phase and deposited onto the chromatin in a repli-
cation-dependent manner. Histone variants, however,

are expressed throughout the cell cycle and incorpo-

Epigenetic regulation is a phenomenon that modulates
cellular processes such as proliferation, progression
through the cell cycle, transcriptional memory, and
DNA damage repair via regulating accessibility of DNA
through chromatin condensation (1). The genetic ma-
terial of eukaryotic organisms exists within the cell as
a complex macromolecule called chromatin, consisting
of DNA and histone proteins. The packaging of DNA

into chromatin dictates differential gene expression
patterns which are crucial for the proper functioning
of the cell. Perturbations in these processes, as well as
transcriptional regulation mechanisms are often as-
sociated with complex diseases such as cancer. These
regulatory mechanisms are orchestrated by DNA meth-

rated into chromatin in a context-dependent manner
(2). Canonical histones and their corresponding vari-
ants differ in their amino acid sequence, which affects
interactions between histone proteins within the same
nucleosome and results in alterations in transcriptional
activity. The most commonly studied histone variants
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are centromere specific H3 variant CENP-A (3); DNA damage site
specific H2A.X (4); H2A.Z and H3.3 variants that are commonly
found at active transcription sites (5); and macroH2A which is
associated with transcriptional repression (6).

Tumors of the brain and the spinal cord, which collectively com-
prise the central nervous system (CNS), are amongst the most
heterogeneous cancer types. The World Health Organization
classifies CNS cancers into more than 120 subtypes based on
molecular and histopathological characteristics (7). CNS tumors
often originate from different cell types, such as astrocytes, glias
and meninges. Gliomas and meningiomas are the major sub-
types of brain tumors in adults and are rarely seen (8). On the
contrary, CNS cancers are the most common solid tumor type
in children between the ages of 0-14 (9), 30% of which is con-
stituted by medulloblastomas (10). Gliomas are graded at four
levels depending on the severity, aggressiveness and curabili-
ty of the disease. Medulloblastoma is the common name for a
group of malignant embryonic tumor subtypes that originate
from the primitive neuronal cells within the posterior cranial
fossa (11). Although the etiology of CNS cancers remains un-
known to date, several genetic factors have been associated
with increased risk. For instance, a recent study indicated the
significant contribution of germline mutations and a genetic
disposition to pediatric medulloblastoma (12). Similarly, the
mutational status of TP53, BRAF, FGFR1, IDH and TERT as well as
the copy number variations of EGFR, CDKN2A/B, PTEN, PDGFRA
are often linked with tumor pathogenesis in the CNS (13,14).
These genetic variations also serve as powerful molecular tools
for cancer subtype characterization.

Studies have shown that several epigenetic factors, including
histone variants, are mutated or their activities are dysregu-
lated during cancer pathogenesis. Although previous studies
have identified some cancer-associated mutations of the his-
tone variant H3.3 in chondroblasoma, pediatric sarcoma, gi-
ant cell tumor of bone, glioma and medulloblastoma (15-17),
a complete list of H3.3 mutations and their potential effects is
yet to be uncovered. Therefore, this paper aims to identify H3.3
mutations in CNS cancers and to predict their functional conse-
quences on pathogenicity, protein stability and structure using
computational approaches.

MATERIALS AND METHODS

Retrieval of Somatic Mutations from COSMIC Database
Somatic mutations of the H3F3A gene (COSMIC gene ID:
C0OSG55679) encoding human H3.3 were downloaded from the
Catalogue of Somatic Mutations in Cancer (COSMIC) database
v90 (https://cancer.sanger.ac.uk/cosmic).

Identification of Deleterious Mutations

The functional consequences and the pathogenicity scores of
the H3.3 mutations were predicted using PredictSNP2 (https://
loschmidt.chemi.muni.cz/predictsnp2/) (18) and FATHMM-XF
(http://fathmm.biocompute.org.uk/fathmm-xf/index.html) (19)
in reference to genome assembly GRCh38/hg38.
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Protein Stability Prediction

The effect of the missense mutations on the stability of the pro-
tein was analyzed via MUpro using H3.3 amino acid sequence
retrieved from UniProt (ID: P84243), which is based on machine
learning methods (http://mupro.proteomics.ics.uci.edu/) (20).
The tool provides 84.2% accuracy.

Determination of 3D Structural Changes

The structural effects of the nonsynonymous H3.3 mutations,
which were commonly encountered in CNS cancers were pre-
dicted via HOPE server using H3.3 amino acid sequence re-
trieved from UniProt (ID: P84243) (https://www3.cmbi.umcn.nl/
hope) (21).

In silico Evaluation of H3.3 Conservation

The amino acid sequences of histone H3.3 for Homo sapi-
ens (P84243-1), Mus musculus (P84244-1), Rattus norvegicus
(P84245-1), Gallus gallus (P84247-1), Xenopus laevis (Q6P179-1),
Danio rerio (Q6P120-1), Saccharomyces cerevisiae (P10651-1) and
Arabidopsis thaliana (P59169-1) were retrieved from UniProt.
In silico evaluation of protein similarity was performed using
Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/)
(22). Histone domain structure was determined in accordance
with Luger et al. (23).

RESULTS

Identification of H3.3 Mutations

COSMIC database analysis over 1012 unique samples showed
that 94.2% of all somatic H3.3 mutations were missense substi-
tutions (n=953), most of which were caused by A>T nucleotide
change. Furthermore, 2 nonsense substitutions, 8 synonymous
substitutions, 2 frameshift deletions, 1 inframe insertion, 1 in-
frame deletion and 2 uncharacterized mutations were detected.
The missense mutations were detected in various tissue types in-
cluding but not limited to breast, cervix, prostate, upper aerodi-
gestive tract, bone and central nervous system tissues. Table 1
shows a complete list of 45 nonsynonymous mutations identified
in H3.3. Proteins often undergo N-terminal methionine cleavage
by methionine aminopeptidase (MAP), which removes the first
methionine coded by the start codon (24). Therefore, the starting
methionine is not always present in the mature protein. We real-
ized that the locations of the amino acid substitutions identified
by the COSMIC database analysis differ from the mature protein
by one amino acid, since the COSMIC database did not take the
methionine removal into account. The amino acid changes be-
fore (detected by COSMIC) and after MAP cleavage are shown
in Table 1. For coherence with other studies in the literature, our
further analyses were based on the locations of amino acid sub-
stitutions after N-terminal methionine cleavage.

Prediction of Pathogenicity and Protein Stability

The potential effects of somatic H3.3 mutations on carcinogen-
esis were predicted using two methods. PredictSNP2 calculates
an expected accuracy value, which is the consensus classifier for
prediction of the effects of nucleotide variants based on 5 differ-
ent nucleotide-based prediction tools (CADD, DANN, FATHMM,
FunSeq2 and GWAVA). PredictSNP2 analysis revealed that 17
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Table 1. Computational predictions of pathogenicity and protein stability for the H3.3 mutations.

PredictSNP2 Analysis FATHMM.-XF MUpro Analysis
Analysis
CDS AA mutation AA mutation  Pathogenicity Expected Pathogenicity  Stability Confidence
mutation (COSMIC)  (MAP cleavage) prediction accuracy score prediction score
c.7C>T p.R3C p-R2C Neutral 65% 0.580 Decrease -0.639
c.14A>T p.K5M p.K4M Neutral 63% 0.860 Increase 0.133
c.17A>C p.Q6P p.Q5P Neutral 63% 0.941 Decrease -0.469
c.18G>C p-Q6H p.Q5H Neutral 67% 0.436 Decrease -0.481
c.25C>G p.R9G p.R8G Neutral 63% 0.913 Decrease -1.865
c.25C>T p.ROC p.R8C Neutral 63% 0.879 Decrease -0.853
c.26G>A p.R9H p.R8H Neutral 63% 0.873 Decrease -1.566
c.34A>G p.T12A p.T11A Neutral 65% 0.839 Decrease -1.544
c.37G>A p.G13S p.G12S Neutral 63% 0.882 Decrease -1.347
c.60A>C p.Q20H p.Q19H Neutral 89% 0.323 Decrease -0.804
c.67A>C p.-T23P p.T22P Deleterious 82% 0.940 Decrease -1.642
c.76G>T p.A26S p.A25S Neutral 65% 0.878 Decrease -1.333
c.82A>G p.-K28E p.K27E Neutral 63% 0.874 Decrease -0.218
c.83A>T p.K28M p.K27M Deleterious 82% 0.874 Decrease -1.566
c.84G>T p.K28N p.K27N Neutral 63% 0.559 Decrease -0.414
c.86G>C p.S29T p.S28T Neutral 63% 0.863 Decrease -0.496
c.98C>T p.T33l p.T32l Neutral 63% 0.856 Decrease -0.256
c.103G>T p.G35W p.G34W Deleterious 82% 0.920 Decrease -0.756
¢c.103G>A/C p.G35R p. G34R Deleterious 87% 0.912 Decrease -0.739
c.104G>T p.G35V p.G34V Deleterious 87% 0.917 Decrease -0.746
c.110A>T p.K37M p.K36M Neutral 63% 0.851 Increase 0.315
c.111G>T p.K37N p-K36N Neutral 65% 0.687 Decrease -0.176
c.118C>A p.H40N p-H39N Deleterious 87% 0.890 Increase 0.148
c.136A>G p.-T46A p.T45A Neutral 63% 0.855 Decrease -0.494
c.139G>A p.V47M p.vV46M Neutral 63% 0.888 Decrease -0.013
c.143C>A p.A48E p.A47E Neutral 63% 0.889 Decrease -0.334
c.148C>T p.R50C p.R49C Deleterious 87% 0.647 Decrease -0.127
c.149G>A p.R50H p.R49H Neutral 65% 0.892 Decrease -0.768
c.160C>T p.R54C p.R53C Deleterious 82% 0.910 Decrease -1.181
c.168G>T p.Q56H p.Q55H Deleterious 82% 0.577 Decrease -1.236
c.190C>T p.R64C p.R63C Neutral 67% 0.909 Decrease -1.283
c.218G>A p.R73Q p.R72Q Deleterious 82% 0.869 Decrease -0.505
c.244G>A p.D82N p.D8TN Deleterious 87% 0.878 Decrease -0.620
C.245A>T p.D82V p.D81V Deleterious 87% 0.881 Decrease -0.105
c.262G>T p.A88S p.A87S Deleterious 82% 0.636 Decrease -0.748
c.268A>G p.1I90V p.189V Neutral 65% 0.480 Decrease -0.920
c.295G>A p.A99T p.A98T Neutral 67% 0.836 Decrease -1.258
c.299A>G p-Y100C p-Y99C Neutral 63% 0.906 Decrease -1.230
c.317A>T p.E106V p.E105V Neutral 63% 0.918 Decrease -0.412
c.344C>G p.A115G p-A114G Deleterious 82% 0.924 Decrease -1.305
c.371A>G p.D124G p.D123G Deleterious 82% 0913 Decrease -1.351
c.378G>T p.Q126H p.-Q125H Deleterious 87% 0.792 Decrease -1.024
c.385C>T p.R129C p.R128C Neutral 65% 0.926 Decrease -0.823
c.386G>A p.R129H p-R128H Neutral 63% 0.912 Decrease -1.120
c.389G>A p.R130H p-R129H Deleterious 82% 0.915 Decrease -1.542
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Distribution of H3.3 mutations across tissues
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detected in central nervous system (77%) and bone (14%).

Figure 1. Distribution of the somatic missense mutations of histone variant H3.3 across tissue types. The majority of the mutations are

out of 45 nucleotide substitutions were deleterious mutations
with more than 82% expected accuracy. Higher percentage val-
ues indicate higher confidence; hence, G34R/V, H39N, R49C and
D81N/V substitutions had the most confident pathogenicity
prediction percentages (87%).

A second analysis was performed using FATHMM-XF, which pro-
duces p-values (pathogenicity scores) between 0-1 and predicts
mutations with p>0.5 as pathogenic/deleterious. FATHMM-XF
analysis yielded 42 mutations predicted to be deleterious.

Lastly, the effect of H3.3 mutations on the overall protein sta-
bility was predicted using the MUpro tool, which calculates a
confidence score, the prediction of the value of energy change
(delta delta G), using a machine learning approach, namely the
Support Vector Machine. Values <0 indicate decreased protein

stability, while values >0 suggest increased protein stability,
showing that most of the mutations caused decreased protein
stability with varying confidence scores. Amino acid substitu-
tions with the lowest confidence scores, which are R8G, R8H,
T11A, K27M and R129H, are predicted to result in a greater de-
crease in protein stability.

H3.3 Mutations in CNS

Among the analyzed set of unique H3.3 missense mutations,
the majority were identified in CNS (77%) and bone (14%) (Fig-
ure 1). Therefore, we selected the ones that originated from the
CNS as the primary site for further analysis. H3.3 mutations in the
CNS namely p.R2C, p.R8H, p.K27M, p.G34R, p.G34R, p.G34W and
p.G34V, were mainly derived from brain, cerebral hemisphere,
temporal lobe and frontal lobe, while they were also detected to a

Table 2: Somatic missense mutations of histone variant H3.3 in central nervous system (CNS) cancers.

AA mutation CDS mutation Primary tissue Tissue subtype Histology
p.R2C c.7CT CNS Brain Glioma
p.R8H C26G>A NS Brain Glioma, primitive neuroectodermal
tumour-medulloblastoma
Brain, cerebral hemisphere, Glioma, primitive neuroectodermal
p.K27M c.83A>T CNS thalamus, temporal lobe, spinal P
. . tumour-medulloblastoma
cord, posterior fossa, brainstem
el E TN Glioma, primitive neuroectodermal
p.G34R c.103G>A CNS occipital lobe, frontal lobe, P
. tumour-medulloblastoma
parietal lobe, temporal lobe
0.G34R € 103G>C NS Basal ganglia, cerebral hemisphere, Glioma, primitive neuroectodermal
temporal lobe tumour-medulloblastoma
p.G34W c.103G>T CNS Frontal lobe Glioma
p.G34V c.104G>T CNS Brain, frontal lobe Glioma
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Figure 2. The 3D constructions depicting structural changes due to missense substitutions R2C, R8H, K27M, G34R, G34V and G34W that
are found in glioma. Wild-type and mutated amino acids are indicated in green and red respectively.

lesser degree in thalamus, spinal cord, posterior fossa, brain stem,
occipital lobe, parietal lobe, temporal lobe and basal ganglia (Ta-
ble 2). Histologically, the tissues exhibited properties of glioma
and primitive neuroectodermal tumour-medulloblastoma.

Analysis of Structural Alterations

Size, charge, and hydrophobicity are significant features of ami-
no acids which critically differentiate them from one another.
Therefore, newly introduced mutant residues often result in

Homo sapiens

Mus musculus

Rattus norvegicus
Gallus gallus

Xenopus laevis

Danio rerio
Saccharomyces pombe
Arabidopsis thaliana

structural alterations within the protein. We assessed these po-
tential 3D alterations using the HOPE server (Figure 2). For p.R2C
and p.R8H substitutions, the side chains of the two amino acids
were significantly different. The mutant residue was smaller and
had a different charge when compared to the wild-type protein.
p.K27M substitution resulted in a smaller mutant residue, while
it was more hydrophobic than the wild-type residue. Substitu-
tion of G34 to R,V and W caused bigger and more hydrophobic
mutant residues. p.G34R and p.G34W gave rise to the incorpo-

MARTKQTARKSTGGKAPRKQLASKAARKAAPATGGVKKPHRYRPPTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPSTGGVKKPHRYRPGTVALREIRRYQKSTELLIR
MARTKQTARKSTGGKAPRKQLATKAARKSAPTTGGVKKPHRYRPGTVALREIRKYQKSTELLIR

hhdhhkhkhhhhhhhhh Ak hhh hhhhh o hh hhhhhhhhhhhh Ahhhhhhh ko hhhhhrd

Homo sapiens

Mus musculus

Rattus norvegicus
Gallus gallus

Xenopus laevis

Danio rerio
Saccharomyces pombe
Arabidopsis thaliana

N-terminal tail

KLPFQRLVREIAQDFKTDLRFQSSAIGALQEAVEAYLVSLFEDTNLCAIHGKRVTIQPKDMQLARRLRGERS
KLPFQRLVREIAQDFKTDLRFQSAATIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSAAIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSAAIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSAATIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSAATIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSAATIGALQEASEAYLVGLFEDTNLCATHAKRVTIMPKDIQLARRIRGERA
KLPFQRLVREIAQDFKTDLRFQSHAVLALQEAAEAYLVGLFEDTNLCAIHAKRVTIMPKDIQLARRIRGERA

FH A KK KKK KK KKK KKK KK A KKIK ko KhKKK KAKKK* KK AKRK KX * T Kkk*k FrkekXxx ke kXX K

al L1

a2 L1 a3 C-terminal tail

Figure 3. Alignment of histone H3.3 amino acid sequences in human, mouse, rat, chicken, frog, zebra fish, yeast and plant tissues using
Clustal Omega. N- and C-terminal tails and histone fold regions (a1-2-3 helices and L1-2 loops) are indicated. Amino acids R2, R8, K27

and G34 (marked by green) are conserved across species.
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ration of significantly different side chains into the protein. The
amino acid sequence alignment of histone H3.3 from human,
mouse, rat, chicken, frog, zebra fish, yeast and plant tissues indi-
cated significant conservation across species (Figure 3). All mu-
tant residues given in Figure 2 were located within the highly
conserved N-terminal tail of histone H3.3, which is an important
domain for interaction with other molecules.

DISCUSSION

Histone H3 has three main variants; while H3.1 and H3.2 are
classified as the canonical histone H3, H3.3 is the so called “re-
placement variant” which gets synthesized and incorporated
into the chromatin throughout the cell cycle (25). Although
the amino acid sequence of H3.3 differs only slightly from the
canonical H3, most of these variant residues lie within struc-
turally important domains that affect its interaction with oth-
er histones in the nucleosome and histone chaperones (26).
Therefore, nucleosomes containing H3.3 usually confer an open
chromatin conformation and are found at active or poised tran-
scription sites that are enriched in tri-methylations of histone
H3 at lysine 4 and 27 (27,28). Genes encoding epigenetic fac-
tors such as histones, their modifiers and chaperons, as well as
chromatin remodeling enzymes are often mutated in cancer
and are linked with tumorigenesis (29,30). Studies that have
previously identified H3.3 mutations in various cancers mostly
focused on the amino acid substitutions at K27, G34 and K36.
Mutations in K27 were mainly found in diffuse intrinsic pontine
glioma (DIPG), a subtype of pediatric glioma, and were associat-
ed with poor prognosis (15-17). G34 substitutions were found in
pediatric gliomas located in cerebral hemispheres and giant cell
tumors of the bones in young adults (15,31,32). K36 mutations
were identified in chondroblastomas and pediatric sarcomas
(17,33). In this paper, we identified the whole set of H3.3 muta-
tions in addition those previously identified and characterized
their physical and functional properties. Our in-silico analyses
showed that most missense mutations of H3.3 were pathogen-
ic/deleterious and resulted in decreased protein stability.

Among all the somatic missense mutations of histone variant
H3.3 retrieved from the COSMIC database across different tis-
sues, the majority were found in the central nervous system can-
cers. These mutations can potentially act through two mecha-
nisms: either by affecting histone PTMs or altering interactions
between histones and their chaperones. Most of these muta-
tion hotspots are functionally critical as they can be post-trans-
lationally modified, which is a crucial mechanism for epigenetic
regulation of transcriptional activity. H3K27me3 is a repressive
histone modification located in transcriptionally inactive genes
and compact chromatin loci (34,35). Substitution of lysine at
position 27 to methionine abolishes this function and results in
decreased H3K27me3 levels since methionine cannot be meth-
ylated. In line with this, it was previously reported that patients
with p.K27M substitutions exhibit globally reduced H3K27me3
levels (36). H3K36me3 is found in actively transcribed gene
bodies and missense mutations resulting in p.K36M/N cause
reduced H3K36me3 levels (26). Glycine is not directly modified,
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but it is an amino acid that provides flexibility to the protein,
which could be required for its proper functioning; thus, its mu-
tation could result in disrupting this function. Furthermore, due
to its proximity to K36, it is suggested that G34 substitutions
could affect the function of H3K36me3 (32). In addition to these
previously identified mutations, histone H3 can be methylated
at arginine 2 and 8 by PRMT6 and PRMTS5, respectively (37,38).
Both of these post-transcriptional modifications are considered
as repressive marks (37-40). Substitutions of arginines at posi-
tions 2 and 8 would prevent these methylations to take place
and alter the transcriptional profile. Therefore, p.R2C and p.R8H
could be as important as K27M and G34R/V/W in CNS tumori-
genesis, although they are observed less frequently.

We also showed that all H3.3 mutations detected in CNS can-
cers introduced structural changes into the protein in varying
degrees, which might be affecting its interactions with other
proteins, such as histone chaperons. Histones are composed of
N-and/or C-terminal tails and three a-helices connected by two
loops, which is called the “histone fold motif”(41). This structure
is highly conserved and is significant for interacting with both
chromatin modulators and the DNA itself. For instance, histone
tails that protrude from the nucleosome often interact with the
DNA and contribute to the higher-order chromatin formation
(42). Furthermore, histone variant H3.3 is deposited onto chro-
matin by two main histone chaperon complexes, namely HIRA
and DAXX/ATRX (43); and disruption of these interactions would
drastically change both the genomic distribution of histone
variants and the transcriptional activity. Interestingly, patients
with H3.3 mutations are reported to have frequent co-occur-
ring mutations in DAXX and ATRX (44, 45). Almost all patients
with mutated H3.3 and DAXX/ATRX also exhibit activation of a
mechanism called “alternate lengthening of telomeres’, which
is a hallmark of cancer (44).

CONCLUSION

Incorporation of histone variant H3.3 into chromatin, as well
as its somatic missense mutations dramatically alter the epig-
enomic landscape and the gene expression profile of a cell.
Previous studies suggested that distinct gene expression pat-
terns (45), transcriptome and interactome profiles (46) are es-
tablished between tumors carrying different H3.3 mutations.
Therefore, H3.3 mutations in CNS cancers are considered both
as disruptors of the expression of genes required for brain
function and as drivers of tumorigenesis (44,46). In conclusion,
histone variants play significant roles in epigenetic regulation.
Therefore, mutations in histone variant genes often contribute
to carcinogenesis. A better understanding of these cancer-re-
lated mutations and their potential effects is useful for future
studies.
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ABSTRACT

Objective: Yersinia enterocolitica which is an important foodborne pathogen causing illness in humans is an extremely
heterogeneous species consisting of different subtypes. It has the intrinsic resistance to 3-lactam antibiotics because of the
production of B-lactamases, BlaA and BlaB. Y. enterocolitica exhibits variable susceptibilities to B-lactams.

Materials and Methods: The expression of the blaA and blaB genes by polymerase chain reaction, and the susceptibility
to some B-lactams including penicillins and cephalosporins using the broth microdilution and disk diffusion methods were
determined. A total of 18 Y. enterocolitica isolates were examined.

Results: Overall, 33.3% of these isolates carried the blaA and blaB genes, all of which were recovered from chicken meat. The
wide range of MIC for ampicillin (2-128 pg/mL) and ceftazidime (<0.0625-2 pg/mL) was also observed. Of the Y. enterocolitica
isolates, 55.6% were resistant to ampicillin (=32 pg/mL) while the remaining isolates (44.4%) were susceptible to ampicillin (<
8 pug/mL). All isolates were susceptible to ceftazidime at the concentration tested. According to the disk diffusion test, 55.6%
and 33.3% of the isolates were resistant to ticarcillin and cefoxitin, respectively. No resistance to piperacillin and ceftriaxone
was found.

Conclusion: The results showed that the presence of the blaA and blaB genes and intrinsic resistance against penicillins and
cephalosporins were variable among Y. enterocolitica food isolates. Furthermore, the blaA and blaB genes were expressed in

most of the resistant isolates to B-lactams, which may indicate the contribution of the genes to the drug resistance.

Keywords: Yersinia enterocolitica, blaA, blaB, 3-lactams, antimicrobial susceptibility, food

INTRODUCTION

Yersinia enterocolitica is a Gram-negative, rod-shaped,
nonlactose-fermenting and facultative anaerobic bac-
terium from the Enterobacteriaceae. This organism is an
extremely heterogeneous species consisting of different
subtypes that the subtypes have differences in geograph-
ic distribution, habitat and virulence characteristics (1-3).

Y. enterocolitica has been widely found in various
sources; water, food, sewage, animal and human (1).
Many previous studies reported that foods including

ground beef, chicken meat, cheese, and raw milk were
frequently contaminated with Y. enterocolitica (4-8). Y.
enterocolitica as a foodborne pathogen is transmitted
to human via consumption of contaminated food and
leads to yersiniosis, the most common form of gastro-
enteritis (1,9). It also causes some extraintestinal diseas-
es such as urinary tract and respiratory tract infection,
erythema nodosum, osteoarticular infection, and axil-
lary abscesses. Severe infections including septicemia,
pneumonia, meningitis, and endocarditis can often
result in death in immunocompromised patients (1,3).
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Resistance to B-lactams is the most common and important
mechanism in the Enterobacteriaceae. Y. enterocolitica is generally
resistant to B-lactam antimicrobials such as penicillin, ampicillin
and first generation cephalosporins (10-13). B-lactam resistance
in Y. enterocolitica, which was first reported in 1975, is due to two
chromosomally encoded {-lactamases, BlaA and BlaB (14). BlaA is
a penicillinase-type B-lactamase which is produced constitutive-
ly while BlaB is an inducible class C cephalosporinase (15,16). The
expression of these B-lactamases is quite variable among differ-
ent species and the strain (17). Previous studies indicated that in Y.
enterocolitica strains which are extremely heterogeneous, differenc-
es in the susceptibility to B-lactams are mainly due to differences in
the expression of 3-lactamases. Different Y. enterocolitica subtypes
exhibit variability in the level and spectrum of resistance (18-21).

Therefore, this study aims to investigate the expression of the
genes blaA and blaB and determine the susceptibility to B-lact-
am antimicrobials including penicillins and cephalosporins us-
ing the disk diffusion and broth microdilution methods in the Y.
enterocolitica isolates from different foods.

MATERIALS AND METHODS

Bacterial Isolates

The 18 Y. enterocolitica isolates obtained from various foods
were used. The isolates were identified using phenotypic meth-
ods and polymerase chain reaction (PCR) amplification of the
Y. enterocolitica 16S rRNA-specific gene (22,23).These isolates
belonging to biovar 1A were recovered from chicken meat
containing breast and leg parts (n=10), open white cheeses
(n=3), ground beef (n=3) and raw milk (n=2). All Y. enterocolitica
isolates were kept individually at -20°C in Brain Heart Infusion
Broth (BHI, Merck, Darmstadt, Germany) containing 20% glyc-
erol. To activate the cultures, a 400 pul of glycerol stock was in-
oculated into 5 mL BHI Broth and incubated for 18-24 h at 28°C.
The resulting culture was streaked on Nutrient Agar (Merck) to
obtain individual colonies.

DNA Extraction

Genomic DNA of the Y. enterocolitica isolates was extracted us-
ing hexadecyltrimethylammonium bromide-method (CTAB) ac-
cording to Ausubel et al. (24). The isolates in 5 mL BHI Broth (Mer-
ck) were incubated at 28°C for 18 h. Then 1.5 mL of the culture
was transferred to an Eppendorf tube and centrifuged. Then pel-
let was suspended in 567 pl TE buffer (10mM Tris, TmM EDTA),
30 ul SDS (10%) and 3 pl proteinase K (20 mg/mL) (1h at 37°C).
After addition of 100 pl NaCl (5M), 80 pl cetyltrimethyl ammo-
nium bromide was added and incubated (65°C/10 min). Equal
volume chloroform/isoamyl alcohol (24:1) solution was added
and centrifuged. The supernatant was transferred to a new cen-
trifuge tube and equal volume phenol/chloroform/isoamyl alco-
hol (25:24:1) solution was added. After centrifugation, the DNA
pellet was precipitated with isopropanol and washed with 70%
ethanol. Finally, the DNA was dissolved in 100 ul TE buffer.

Determination of the blaA and blaB Genes
The blaA and blaB genes were investigated by PCR in all 18 Y.
enterocolitica biovar 1A isolates from food. The blaA primer se-
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quences were A9-f (5'-GAG ATT CAG GAATGA AGC ACT CTT CG-
3’) and A10-r (5'-TCA GGA TAT TTG CGA CAA AAT TAT-3’), which
were predicted to yield an 896 bp product (2). The blaB primer
sequences were blaB5 (5'-CCC ACT TTA TAC CTT GGC ACA AA-
3') and blaB3 (5-GAA CAT ATC TCC TGC CTG GAA AT-3'), which
were predicted to yield an 827 bp product (18). All reactions were
carried out with the T100 thermal cycler (Bio-Rad, Hercules, USA).
PCR mixture (50 pL) contained 5 pl of 10x PCR buffer (Vivantis
Technologies, Selangor DE, Malaysia), 4 mM MgCl, (Vivantis), 0.2
mM dNTP mix (Thermo Fisher Scientific, Waltham, Massachusetts,
USA), 0.4 uM (each) primers (Biomers, Ulm, Germany), 1.5 U of Taq
DNA polymerase (Vivantis), 5 pl of 50 ng of template DNA and
35.7 ul nuclease free water (AppliChem, Darmstadt, Germany).
PCR reaction conditions included an initial denaturation (94°C, 5
min), 30 cycles of denaturation (94°C, 1 min), annealing (56°C, 1
min), extension (72°C, 1 min) followed by final extension (72°C,
8 min). The products were analyzed by electrophoresis (Bio-Rad)
in a 1% agarose gel and photographed using a UV transillumi-
nator (DNR Minilumi Bio-imaging Systems Ltd., Jerusalem, Israel).
Y. enterocolitica ATCC 23715 was used as a control in this study.

Minimum Inhibitory Concentration (MIC) by Broth Microdi-
lution

Broth microdilution method which is used to determine the
minimum inhibitory concentration (MIC) offers the possibility to
quantify resistance by actual concentrations of a particular agent
and mightyield reliable results (25,26). In this study, susceptibility
to ampicillin and ceftazidime against Y. enterocolitica isolates was
evaluated by the broth microdilution MIC according to the CLSI
guidelines (27). Antimicrobial powder of ampicillin and ceftazi-
dime (Sigma, St. Louis, Missouri, USA) was stored as recommend-
ed in the manufacturer’s instructions. Stock solutions of ampicil-
lin and ceftazidime were prepared considering the potency of
each antimicrobial agent. All stock solutions of antimicrobials
were dispensed into aliquots and kept frozen at -20°C. The stock
solutions of ampicillin and ceftazidime were diluted in sterile dis-
tilled water to obtain 512 pg/mL and 32 pg/mL concentrations,
respectively. At the end of each day, stock solutions used were
discarded and never refrozen. The MICs were determined by the
microdilution method in 96-well plates (TPP, Switzerland). Firstly,
Y. enterocolitica isolates were cultured overnight on Nutrient Agar
plates. Several colonies were taken and suspended into Mueller
Hinton broth (MH, Merck) to adjust the bacterial turbidity to 0.5
McFarland standard (about 108 CFU/mL). Serial dilutions of anti-
microbials were prepared in sterile MH broth in 96-well plates.
The adjusted inoculum suspension was first diluted 1:150 in
MH broth, and 50 pl was transferred to each well (5 x 10* CFU/
well) of the microplate. For each test, a sterility control well (only
MH broth) and a growth control well (containing MH broth with
bacterial culture, no antimicrobial) were included. The microtiter
plates were incubated for 18 h at 35°C. MIC experiments were car-
ried out in triplicates. Bacterial growth was measured by optical
density (ELISA reader, Thermo Electron Corporation, Vantaa, Fin-
land). The MIC value for each Y. enterocolitica isolate was defined
as the lowest concentration of antimicrobial which completely
prevents the growth of a microorganism (27). According to CLSI,
ampicillin MIC breakpoints for Y. enterocolitica are <8 pug/mL for
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susceptible, 16 pg/mL for intermediate, and =32 pg/mL for resis-
tant. The breakpoints of ceftazidime are <4 pg/mL, (susceptible),
8 pg/mL (intermediate), and =16 pg/mL (resistant). Reference
strains for the antimicrobial susceptibility test were Escherichia
coli ATCC 25922 and Y. enterocolitica ATCC 23715.

Standard Disk Diffusion Method

All Y. enterocolitica isolates were examined for susceptibility
to some antimicrobials belonging to the penicillin group and
the cephalosporin group by the disk diffusion method (27). The
antimicrobial agents tested were ticarcillin (75 pg), piperacillin
(100 pg), cefoxitin (30 pg) and ceftriaxone (30 ug) (Oxoid, Bas-
ingstoke, UK). Cell suspensions adjusted to 0.5 McFarland stan-
dards were spread on Mueller Hinton Agar (Merck). The antimi-
crobial disks were applied on the agar surface. All plates were
incubated for 24 h at 30°C. The zones of growth inhibition were
evaluated as susceptible, intermediate or resistant (27).

RESULTS

In the present study, the existence of the blaA and blaB genes
was examined in the 18 Y. enterocolitica isolates belonging
to biovar 1A using PCR. Out of the 18 Y. enterocolitica isolates,
33.3% were found to be positive for both the blaA and blaB
genes (Table 1). These positive isolates were only isolated from
chicken meat. However, 66.7% of the isolates from different
foods including open white cheese, ground beef, and raw milk
were not found to be positive for both blaA and blaB gene (Table
1). Furthermore, Figure 1 shows the agarose gel electrophoresis
image of the blaA and blaB genes in the Y. enterocolitica isolates.

In this study, the MIC values of the ampicillin and ceftazidime
by the broth microdilution method were determined in all
Y. enterocolitica isolates (Table 1). Ampicillin resistance was detect-
ed in 55.6% of the isolates. Antimicrobial susceptibility to ampi-
cillin varied ranged from 2-128 ug/mL. The MIC,  and MIC, were
32 pg/mL and 128 pg/mL, respectively. Ampicillin resistance was
observed in 80% of the chicken isolates. None of the isolates orig-
inated from ground beef were resistant to ampicillin. All isolates

896 bp

|

Figure 1. Agarose gel electrophoresis of PCR-amplified blaA
and blaB gene products from the Y. enterocolitica isolates. Lane
M: 100 bp DNA Ladder. Lane 1: Y. enterocolitica ATCC 23715
positive control for blaA (896 bp). Lanes 2-7: blaA of the chicken
meat isolates in this study. Lane 8: Y. enterocolitica ATCC 23715
positive control for blaB (827 bp). Lanes 9-14: blaB of the chicken
meat isolates in this study.
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were sensitive to ceftazidime (MIC <4 pg/mL). For ceftazidime, the
MIC, and MIC,, were 0.25 ug/mL and 1 pug/mL, respectively.

Susceptibilities of the isolates to some B-lactam antimicrobials
belonging to the penicillin and cephalosporin group by the disk
diffusion method are given in Table 1. Resistance to ticarcillin
was detected in 55.6% of the isolates. On the contrary, none
of the isolates were resistant to piperacillin. All isolates (100%)
were found to be sensitive to ceftriaxone while 33.3% were
found to be resistant to cefoxitin. All cefoxitin resistant isolates
carried both blaA and blaB genes. In addition, ampicillin resis-
tant isolates were also resistant to ticarcillin.

DISCUSSION

Y. enterocolitica is transmitted through consumption of contam-
inated food or water and mainly cause of gastrointestinal infec-
tions. Most Y. enterocolitica strains are B-lactamase producers
which harbor chromosomal genes blaA and blaB encoding BlaA
and BlaB, respectively (1). In the present study, these genes were
detected in 33.3% of the Y. enterocolitica biovar 1A isolates. Nu-
merous studies reported the presence of the genes associated
with -lactamase production of Y. enterocolitica (19,28,29). In In-
dia, all biovar 1A strains of Y. enterocolitica carried genes blaA
and blaB (30). In a study, Y. enterocolitica biovar 1A strains isolat-
ed from different countries were found to be positive for both
blaA and blaB genes (2). Sharma et al. (16) reported that all Y.
enterocolitica biovar 1A strains from different sources also har-
bored both blaA and blaB genes. In Poland, in a study conducted
by Kot et al. (29), the presence of the blaA and blaB genes of Y.
enterocolitica, isolated from the feces of children suffering from
diarrhea, was 90.5% and 57.1%, respectively. They indicated that
the blaA gene was detected in all strains of biovar 4 and 2, while
found the blaB gene in some strains of biovar 2 and biovar 4.
On the other hand, in their study, biovar 1A strains did not car-
ry both the genes. It was documented in the study of Ye et al.
(28) that the blaA and blaB were found to be positive of 97% and
100% of the Y. enterocolitica biotype 1A isolates from retail foods
in China, respectively. In Germany, all Y. enterocolitica biovars 2,
4 and 5 strains had the blaA and blaB genes (18). Stock et al. (19)
observed that all biovar 1A, 1B and 3 strains carried the blaB. The
blaA was found in some biovar 1B and 3 strains, but not in biovar
1A strains. These studies of Stock et al. (18,19) suggested that
expression of 3-lactamase genes, blaA and blaB, varied with the
biovar. Furthermore, variable expression and activities of blaA
and blaB genes might have an effect on the level and spectrum
of B-lactam resistance (18,30). Strain variations have been shown
to be depending on the different subtypes and geographical ori-
gin of the isolates (2,18,31-33).

In this study, more than half of the isolates (55.6%) were positive
for ampicillin resistance, but all isolates were sensitive to
ceftazidime. Many studies have been performed to determine
the levels of resistance to ampicillin and ceftazidime in
Y. enterocolitica strains from different sources (8,34). Y. enterocolitica
strains from retail poultry and swine feces presented 100%
resistance to ampicillin and 100% susceptibility to ceftazidime
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by the broth microdilution method (34). Similarly, MIC results
for ceftazidime in Y. enterocolitica from swine and pork products
showed that all strains were categorized as susceptible (35). All Y.
enterocolitica from the pork production chain (8) and from fruits
and vegetables (36) were resistant to ampicillin. In some studies,
the resistance to ampicillin was detected in 92% of the isolates from
different samples including human and nonhuman and 87.2% of
Y. enterocolitica clinical isolates (37,38). In a study conducted by
Weiner (39), ampicillin MICs were =32 pg/mL (resistant) in all Y.
enterocolitica isolates from animals.

In this study, Y. enterocolitica isolates were resistant to ticarcillin
(55.6%) and cefoxitin (33.3%) whereas resistance to piperacillin
and ceftriaxone was not observed. Resistance to ticarcillin in Y.
enterocolitica strains was detected in Brazil at the level of 94%,
in Canada at the level of 90% and in Poland at the level of 76.2%
(10,29,40). However, Ye et al. (41) reported that all Y. enterocolitica
strains from retail frozen foods were sensitive to ticarcillin. In pre-
vious studies, the rates of susceptibility to piperacillin were 100%
(10,35). Susceptibility against cefoxitin (62%) and ceftriaxone
(100%) was found by Kwaga et al. (35), similar to our ceftriaxone
results. Similarly, Baumgartner et al. (42) in Switzerland indicated
that no strains of Y. enterocolitica from human patients, pigs and
retail pork were resistant to ceftriaxone. In contrast to our results,
the Y. enterocolitica strains isolated from clinical and non-clinical
sources in Brazil were not positive for cefoxitin resistance (40).

-lactamases, BlaA and BlaB that offer ampicillin and first-gen-
eration cephalosporin resistance in Y. enterocolitica have been
reported in previous studies (13,36,37,43). In this study, the pos-
itive isolates for blaA and blaB genes were ampicillin resistant
and ceftazidime susceptible according to MIC values. However,
some ampicillin resistant isolates on the basis of MIC break-
points did not carry the B-lactamase genes. In contrast to our
study, Peng et al. (34) reported that all Y. enterocolitica isolates
carried the blaA and blaB were also resistant to ampicillin and
susceptible to ceftazidime by the broth microdilution method.
On the other hand, some studies showed that some ampicillin
sensitive Y. enterocolitica strains carried the blaA and blaB genes.
Most ceftazidime sensitive strains also were positive for these
genes. Although there is some correlation between MIC results
and B-lactamase induction, it may not possible to predict the
expression of BlaA and BlaB enzymes from MIC results (18,28).

CONCLUSION

In this study, both blaA and blaB genes which confer resistance
to B-lactam antimicrobials were detected in Y. enterocolitica bio-
var 1A isolates from foods, particularly in chicken meat isolates.
More than half of the isolates were resistant to ampicillin where-
as all isolates were sensitive to ceftazidime. The isolates carried
both the blaA and blaB genes were resistant to ampicillin, ti-
carcillin and cefoxitin. Consequently, the results of this study
demonstrated that the presence of the blaA and blaB genes and
intrinsic resistance against penicillins and cephalosporins were
variable among Y. enterocolitica food isolates. Furthermore, the
blaA and blaB genes were expressed in most of the resistant iso-
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lates to B-lactams, which may indicate the contribution of the
genes to the drug resistance.
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ABSTRACT

Objective: The salinization of agricultural soils poses a serious challenge across the world. Although recent studies have
shown that exogenous sodium nitroprusside (SNP) application can alleviate the harmful effects of salinity, the roles of SNP in
the regulation of proteomic changes remain poorly understood.

Materials and Methods: To unravel the protective roles of exogenous SNP in alleviating salt-induced damage in barley
(Hordeum vulgare L.), proteomic analysis was carried out on the leaves of seedlings exposed to 100 mM NaCl stress following
200 pM SNP pre-treatment.

Results: Our results indicated that SNP pre-treatment restored the seedling growth reduced by salinity stress. Comparing 2-DE
gels from the treatments showed that 24 proteins were differentially accumulated under SNP and/or NaCl stress treatments.
Among them, 15 proteins were identified by matrix-assisted laser desorption ionization time-of-flight mass spectrometry.
Gene ontology analysis demonstrated that several pathways were regulated by SNP and/or NaCl treatments, including
photosynthesis, protein metabolism, stress defense, and energy metabolism. Exogenous SNP increased the expression levels
of 20 kDa chaperonin, proteasome subunit beta type-2, 2-Cys peroxiredoxin BAS1, ferredoxin-NADP reductase, thiazole
biosynthetic enzyme 1-1, S-adenosylmethionine synthetase 3, and elongation factor Tu proteins in the leaves of barley
seedlings under NaCl stress.

Conclusion: Our results indicate that SNP pre-treatment may induce salinity tolerance through regulation of photosynthesis,
activation of stress defence, degradation of damaged proteins, and the promoting of the synthesis of polyamines, proline,
and GABA.

Keywords: Barley, nitric oxide, salinity stress, sodium nitroprusside, proteomics

INTRODUCTION plants to salt stress is exogenous applications of various
chemicals such as phytohormones, antioxidants, signal
molecules, and trace elements (3,4). Among those, ni-
tric oxide (NO) has significant and diversified functions

in mitigation of salt-induced adverse effects (5).

Plants are faced with a range of environmental con-
straints which can frequently cause significant reduc-
tions in growth and development. Of these, salinity is
regarded as one of the most important environmental

constraints that depress plant growth by inducing wa-
ter deficiency and ion toxicity. It has been estimated
that approximately 6% of the world’s total land area is
exposed to salinity (1,2). Since high soil salinity leads
to a decline in crop productivity, improving salinity
tolerance of agricultural plants has become an urgent
priority. One of the ways to increase the adaptation of

Nitric oxide is a gaseous free radical, and it regulates
several physiological processes such as seed germina-
tion and seedling growth (6). Numerous studies have
examined the ameliorative effects of exogenous sodi-
um nitroprusside (SNP; NO donor) on salt-induced metal
toxicity in plants (4,7). Different mechanisms have been
suggested for NO-mediated salt tolerance. Yadu et al. (8)
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and Ahmad et al. (4) have demonstrated that NO improved the
salinity tolerance of pea and tomato seedlings by enhancing the
antioxidant capacity and synthesis of flavonoid, glycine betaine,
and proline. Exogenous application of SNP has also been shown
to improve photosynthetic capacity by protecting pigments,
enhancing quantum-yield of photosystem Il, and increasing sto-
matal conductance and RuBisCO activity (9,10).

Although the ameliorative effects of exogenous NO under salinity
stress have been comprehensively studied, there have also been
several attempts to unravel the molecular basis of NO-induced sa-
linity tolerance (11,12). It has been suggested that exogenous NO
helped maize seedlings to overcome salinity stress by enhancing
the expression of G-protein-associated proteins and activating an-
tioxidant system (11). Another previous study showed that exoge-
nous NO up-regulated the abundance proteins functioning in en-
ergy metabolism, photosynthesis and stress response in mangrove
plant Avicennia marina leaves under salinity stress (12). Since a few
studies have examined the protective roles of NO at proteome lev-
els, we used a 2-DE based proteomic analysis to identify protein
alterations in response to salt stress and NO in barley leaves.

MATERIALS AND METHODS

Plant Material and Treatments

Seeds of barley (Hordeum vulgare L. cv. Tarm-92) were obtained
from Ankara Field Crops Central Research Institute. After surface
sterilization of the seeds in 1% NaOCI solution, the seeds were
washed 5 times with sterile distilled water. The sterilized seeds
were germinated in a controlled climate cabin (23°C, dark, 60%
humidity) for 48 h. The uniformly germinated seedlings were
placed into perforated tubes with 3 seedlings per tube. Five tubes
were placed in a pot containing 0.5 L of modified Hoagland nu-
trient solution (pH 6.0). The seedlings were grown for 3 d under
relative humidity of 60%, 14 h photoperiod (250 pmol-m=2s'),
and constant temperature of 25 °C in the growth chamber. For
SNP pre-treatment, 200 uM NO donor SNP was applied along with
the nutrient solution for 48 h. After pre-treatment, salinity stress
was induced using a nutrient solution supplemented with 100 uM
NaCl. The treatments of SNP and NaCl were as follows: (1) control;
0 mM Nadl, (2) SNP; 200 uM SNP, (3) NaCl; 100 uM NaCl, and (4) SN-
P+NaCl; 200 uM SNP + 100 uM NaCl. Experiments were arranged
in a randomized complete block design. After seven days of NaCl
treatment, the seedlings were separated into roots and shoots, and
the fresh weight (FW) was weighed. Dry weights (DW) of root and
shoot tissues were determined after drying at 80 °C for 2 d.

Protein Extraction and Two-Dimensional Gel Electrophoresis
The total proteins from fresh barley leaves were extracted using
the phenol extraction protocol described by Ahsan et al. (13). One
gram of mixed root tissues was ground with liquid nitrogen, and
fine powders were transferred into the extraction solution (0.5 M
Tris—HCl (pH 8.3), 2% B-mercaptoethanol, 2% NP-40, 0.7 M sucrose,
20 uM MgCl,, and 1 pM phenylmethyl sulfonyl fluoride), and frac-
tionated with Tris-buffered (pH 8.0) phenol. After centrifugation,
phenol phase was mixed with methanol containing ammonium
acetate to precipitate the proteins. The Bradford assay was used to
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quantify protein concentration by dissolving air-dried pellets in a
lysis buffer containing 7 M urea, 2 M thiourea, 40 uM DL-dithioth-
reitol (DTT), 0.2% biolytes (pH 3-10), and 4% CHAPS (14).

For separation of proteins via 2-DE, IPG strips (pH 4-7, Bio-Rad)
were used. Dry IPG strips were passively rehydrated with 300
pL of rehydration buffer containing 80 pg proteins. Isoelectric
focusing of the rehydrated strips was performed on the Prote-
ans i12™ IEF System for 80 kVh. For the reduction and alkyla-
tion of the sulfhydryl groups, the strips were equilibrated with
buffer A (0.05 M Tris—-HCI pH 8.8, 6 M urea, 20% glycerol, 2%
SDS, and 1% DTT), and then with buffer B (2.5% iodoacetamide
instead of DTT). Second dimension electrophoresis was carried
out on 12.5% SDS-PAGE gels using a Protean Il XL Cell System
(Bio-Rad). The preparative gels containing 500 pg proteins were
stained with a modified method of colloidal Coomassie brilliant
blue (15), and analytical gels were silver-stained (16).

Image Analysis and Matrix-Assisted Laser Desorption loniza-
tion Time-of-Flight Mass Spectrometry (MALDI-TOF/TOF MS)
Images of the triplicate silver-stained gels were obtained us-
ing the ChemiDoc™ MP System and they were evaluated with
PDQuest 8.01 (Bio-Rad). Before spot matching, spot detection
and background subtraction were performed. The volume of
each protein spot was normalized on the basis of total density
of gels. The student’s t-test with a significance level of 95% was
performed to evaluate the significant changes in spots among
treatments (p<0.05). A protein showing a more than 1.5-fold in-
crease in abundance in at least one treatment was considered
as a differentially expressed protein.

Trypsin digestion was carried out using a commercial kit (Ther-
moFisher Scientific). A solution of digested peptides was puri-
fied using ZipTip C,, pipette tips (Millipore), mixed with the ma-
trix solution (a-cyano-hydroxy cinnamic acid), and then spotted
onto a MALDI plate. Peptide mass spectra were obtained using
an AB Sciex TOF/TOF 5800 mass spectrometer.

The obtained MS/MS spectra were used to search the Swiss-Prot
database with the MASCOT search engine (http://www.matrix-
science.com). The search criteria were as follows: Taxonomy, Vir-
idiplantae (green plants); database, Swiss-Prot; Enzyme, Trypsin;
Mass accuracy, 50 ppm; Peptide MS tolerance, £0.4 Da; Variable
modifications, Oxidation of methionine; Fixed modification, Car-
bamidomethylation of cysteine; and allowance of one missed
cleavage. The differentially expressed proteins were classified on
the basis of functions according to the database at http://www.
uniprot.org/uniprot. To explore the relationships in the protein-
protein interaction (PPI) network, proteins identified in the cur-
rent study were analysed by STRING 11.0 (17). BINGO was used
to estimate bbiological processes and molecular functions (18).

Statistical Analysis

All experiments with triplicate were performed twice. Statistical
analyses were performed by analysis of variance (ANOVA) using
SPSS 22.0 software. Means from physiological analyses were
statistically analysed with Duncan’s multiple range test (DMRT).
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RESULTS

Effect of SNP on Barley Growth under NaCl Stress

The effect of 200 UM SNP pre-treatment and 100 uM NaCl stress
on growth of barley seedlings in this study is given in Table 1.
NaCl stress resulted in significant reductions in both shoot and
root fresh and dry weights compared to the control (p<0.05).
However, SNP pre-treatment completely restored the growth
parameters except for shoot fresh weight. Additionally, SNP
pre-treatment resulted in an increase in all growth parameters
compared to the control (Table 1).

Table 1. The effects of SNP pre-treatment and NaCl stress on
fresh (FW) and dry weights (DW) of barley seedlings

Shoot Shoot Root Root
Treatments FW bw FW bw
mg.seedling™
Control 647126 63.7+£1.2° 223+8.6° 14.0+0.4°
SNP 737+25° 68.2+2.4° 249+13.9° 16.3£0.2°
NaCl 4091369 49.4+2.6° 160+15.3° 12.4+0.8°
SNP + NaCl ~ 542+21¢ 64.0+4.9° 233+6.4%® 16.4+1.0°

* Different letters (a-d) within the same column indicate significant differences
between treatments at P<0.05, according to DMRT. Each value is the average
of six replicates, in which 10 seedlings are sampled per replicates. Standard
error (+ SE).

Effect of SNP on NaCl-Induced Proteome Alterations

In this study, proteome profiles of proteins extracted from leaf
tissues of barley seedlings from control, SNP, NaCl and SNP+NaCl
treatments were obtained using the 2-DE (IEF/SDS-PAGE) analysis
(Figure 1). In the 2-DE gel profiles, changes in the expression of
proteins were analysed using the PDQuest software. According to
image analysis, 24 protein spots which showed at least a 1.5-fold
difference in expression level were determined in the leaf tissue.
Among them, 15 proteins were successfully identified by MAL-
DI-TOF/TOF analysis and Swiss-Prot database searching (Table 2).

The identified proteins were grouped into various categories
according to the biological functions such as photosynthesis,
stress defence, energy metabolism, protein metabolism, and
primary metabolism (Table 2). In the present study, 6 proteins
(spots 1, 2, 3, 4, 10 and 12) associated with photosynthesis
were differently accumulated in SNP and/or NaCl treatments
compared to the control (Figure 1, Table 2). The expression
level of the RuBisCO small subunit (RBCS, spot 1) increased in
NaCl treatment, while it decreased to control level in SNP+Na-
Cl application. The expression levels of another RuBisCO small
subunit (spot 2) and cytochrome b6-f complex iron-sulphur
subunit (spot 3) were down-regulated in SNP+NaCl treatment.
Additionally, the expression levels of RuBisCO large subunit
(RBCL, spot 4) and RuBisCO activase A (RCA, spot 12) proteins
were down-regulated by NaCl treatment, while SNP pre-treat-
ment removed this inhibition. Additionally, the expression level
of the ferredoxin-NADP reductase (FNR, spot 10) protein was
up-regulated by SNP and SNP+NaCl treatments (Table 2).

Control SNP NaCl SNP + NaCl

Figure 1. Two-dimensional (2-D) electrophoretic profiles of
proteins extracted from leaf tissues of barley seedlings exposed
to control, SNP, NaCl, and SNP + NaCl treatments. Total proteins
(80 ug) were loaded on 17 cm IPG strips (pH 4-7), and SDS-
PAGE was performed on 12% gel. Proteins were visualised by
silver staining. Arrow indicates the differentially accumulated
proteins (Table 2).

Four proteins (spots 5, 6, 7, and 14) related to protein synthe-
sis and metabolisms were differentially expressed in SNP and/
or NaCl treatments (Figure 1, Table 2). The expression level of
the eukaryotic translation initiation factor 5A-3 (ELF5A-3, spot
5) protein was down-regulated by SNP and NaCl treatments
while it decreased to the control level in SNP+NaCl treatment.
Proteasome subunit beta type-2 (spot 7) protein was up-regu-
lated by SNP+NaCl treatment. Additionally, 20 kDa chaperonin
(CPN20, spot 6) and elongation factor Tu (EFTU, spot 14) pro-
teins increased gradually (Table 2).

The expression level of the 2-Cys peroxyledoxin BAS1 (BAS, spot
8) protein was up-regulated by SNP+NaCl treatment. However,
the abundance of thiazole biosynthetic enzyme 1-1 (THI1, spot
9) was up-regulated by SNP and SNP+NaCl treatments (Table
2). A glycolysis related protein fructose-bisphosphate aldolase
(FBA, spot 11) was increased by NaCl treatment, while SNP
pre-treatment removed this increase. S-adenosylmethionine
synthetase 3 (SAMS, spot 13) protein was increased by SNP
and SNP+NaCl treatments. Finally, the abundance of glutamate
decarboxylase (GAD, spot 15) protein, which plays a role in the
synthesis of gamma-aminobutyric acid (GABA), increased in all
applications compared to control (Table 2).
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Table 2. Proteins identified by MALDI-TOF/TOF mass spectrometry in leaf tissues of barley seedlings exposed to SNP pre-
treatment and/or NaCl stress.

BAS1

A i 5
Spot ccession Protein Score MW/pl Seq MP Expression level
number cover.
— 3 ]
T 2]
Ribul isphosph S
1 RBS_HORVU ibulose bisphosphate o019 1008 5500 22 B .
carboxylase small chain £ 1
ad U 1
Control SNP NaCl  SNP+Nacl
rE
. . Sos |
2 RBS_HORvy  hibulosebisphosphate ) =g pagg 579, g 308
carboxylase small chain g
“o0 |
Control SNP NaCl  SNP+NacCl
_ 1,0
Cytochrome b6-f ;
3 UCRIA_WHEAT ~ complex iron-sulfur 264  237/847 57% 15  §
subunit k3
0,0 -
Control SNP NaCl  SNP+NaCl
_ 10
. . Sos |
4 RBL HORvU  Hibulosebisphosphate o, 0 o000y q3e0  qg 300
carboxylase large chain s
T 00 -
Control SNP NaCl  SNP+NaCl
— 3 ]
T 2]
Eukaryotic translation o 2 I I
5 IF5A3_ARATH initiation factor 5A-3 60 17.2/5.56 32% 7 g1 -
ad U 1
Control SNP NaCl  SNP+Nacl
[ 3 7
S
6 CH10C_ARATH 20 kDa chaperonin 47 26.8/8.86 11% 4 2 .
ad U 1
Control SNP NaCl  SNP+Nacl
2 -
i 8 4]
7 PSB2_ORYS) Proteasome subunit 63 235542 16% 5 § '
beta type-2 S
I
Control SNP NaCl  SNP+NaCl
[ 4 ]
53
- i i 2 5]
8 BASI HORvy ~ ZCysperoxiredoxin gy 33508 230 13§ C

3

Control SNP NaCl  SNP+NaCl
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Table 2. Continued.
Accession . Seq. .
Spot Protein Score MW/pl MP Expression level
number cover.
2 -
a q a .5 ]
9 THI41_MAiZE ~ (miezolebiosynthetic o0 oo e s 17§ I I I I
enzyme 1-1 g
ad U 1
Control SNP NaCl  SNP+Nacl
[ 3 7
T 21
in-- o
10 FENR1_PEA Ferredoxin-NADP 203 402/856 31% 19 I I I
reductase £
s ]
Control SNP NaCl  SNP+NaCl
5 -
-bi 5 4]
1 ALFC_ORys) ~ [ructose-bisphosphate . 100638 qe0 11§ 1
aldolase, chloroplastic s
5
Control SNP NaCl  SNP+Nacl
_ 10
Ribulose bisphosphate é
12 RCAA_HORVU  carboxylase/oxygenase ~ 246  51.0/804 29% 26 37
activase A E
0,0 -
Control SNP NaCl  SNP+NaCl
— 3 ]
T 2]
i - E
13 METK3_HORvy > 2denosylmethionine 0oy oosy 330 17 3 .
synthetase 3 £ 1
ad U 1
Control SNP NaCl  SNP+Nacl
[ 3 7
o
14 EFTU_PEA Elongation factor Tu 209 53.0/6.62 12% 8 £ 1
ad O 1
Control SNP NaCl  SNP+NaCl
[ 4 7
53
5 5]
15 DCE_SOLLC Glutamate 92 567/597 9% g8 §°?
decarboxylase S 1
o |

Control SNP NaCl  SNP+NaCl

Based on STRING analysis, protein-protein interactions of
identified proteins are shown in Figure 2a. RCA, FNR, FBA
and BAS proteins were found to be important interaction
points, suggesting that photosynthesis, energy metabolism
and stress defence are very important for response to NaCl
stress and exogenous SNP. Differently expressed proteins

were analysed using BiINGO to obtain statistically under- and
over-represented categories of molecular functions and bio-
logical pathways related to NaCl stress and exogenous SNP
(Figure 2b). NaCl stress and exogenous SNP promoted pre-
dominantly stress-responsive proteins and less photosyn-
thesis-related proteins.
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Figure 2. a) Protein-protein interactions were created using
the STRING system (http://string.embl.de). Lines of different
colours indicate different evidence types for the association
of the proteins. b) The molecular function networks generated
by BiNGO. The size of the node is proportional to the number
of molecules within this group, and the colour of the node
represents the significance of enrichment.

DISCUSSION

Nitric oxide has been reported to be a signalling molecule
that alleviates the reduction in growth of plants under diver-
sified biotic and abiotic stresses (4,19,20). In our study, SNP
pre-treatment alleviated the detrimental effects of NaCl stress
on seedling growth. These results have also been shown in
many plant species exposed to NaCl stress (4,7,8). It has been
reported that NO can loosen the cell wall, affect the phospho-
lipid layer, increase membrane fluidity, and promote plant
growth by increasing cell expansion (21). Dong et al. (22) re-
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ported that NO increases stem and root elongation by improv-
ing cytoplasmic viscosity and increasing the osmotic pressure
under high salinity. However, it has been demonstrated that
NO-mediated induction of salt tolerance is associated with
increased activities of antioxidant enzymes and the accu-
mulation of osmoprotectans (4,8). Additionally, NO has been
shown to interact with salicylic acid and hydrogen peroxide to
mediate the elimination of oxidative damage in many stress
conditions (23). Overall, SNP-induced salt tolerance in barley
seedlings may be associated with a high accumulation of im-
portant osmotic protective compounds or promoting the an-
tioxidant defence system.

High soil salinity limits the productivity of agricultural crops in
arid and semi-arid regions. Thus, understanding the molecular
basis of salt stress tolerance in plants is useful for the develop-
ment of plant species that can tolerate salt stress. In the present
study, the effects of SNP and/or NaCl stress on leaf tissues of
barley seedlings were evaluated using a proteomic approach.
The differential regulation of salt-responsive proteins by SNP
pre-treatment stress is discussed below.

Itis well-known that salinity stress can severely inhibit the photo-
synthetic pathway (24). The decrease in photosynthetic activity
under salt stress conditions is directly related to the expression
levels of proteins associated with photosynthesis. It has been
reported that the decrease in the photosynthetic activity reduc-
es the ability of plants to overcome stress (3). In our study, pro-
teomic analysis showed that 6 photosynthetic proteins involved
in CO, fixation and light reactions were expressed differently in
NaCl stress and/or SNP treatments (Table 2). The abundance of
RBCL and RCA proteins decreased in salt stress conditions, but
this decrease was restored by SNP pre-treatment. Additionally,
salt stress caused an approximately 2-fold increase in the expres-
sion level of the RBCS protein compared to the control. RCA has
been shown to play a significant role in maintaining assimilation
at low CO, levels caused by salt stress (25). FNR plays a role in
photosynthetic electron flow from reduced ferredoxin to NADP*
and is required for CO, fixation in plants (26). Additionally, ferre-
doxin has been reported to play a role in different biological
pathways including phenolic biosynthesis, nitrogen fixation,
biogenesis of iron-sulphur clusters, and detoxification of xeno-
biotics (27). However, overexpression of the chloroplastic FNR
enzyme in agricultural plants has been reported to increase ox-
idative stress tolerance (28). In our study, the expression level of
FNR protein was increased by SNP and SNP+NaCl treatments. As
a result, a higher activity of photosynthetic enzymes after SNP
treatments could provide a better photosynthetic activity and
improve salt tolerance of barley seedlings.

Salt stress can seriously affect protein synthesis and cause ER
stress by disrupting protein folding (29). In our study, the abun-
dance of chloroplastic EFTU protein increased in NaCl, and its
expression further increased in SNP+NaCl treatment. Previous
research has shown that EFTU plays a significant role in the
high temperature tolerance of Brassica campestris plants (30).
SNP-induced up-regulation of EFTU protein under salt stress
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conditions may repair the damaged photosynthetic proteins
in chloroplasts by increasing protein biosynthesis under salt
stress. However, the expression level of molecular chaperone
CPN20 protein was up-regulated by SNP pre-treatment in Na-
Cl-stressed seedlings. Chaperonins help protein folding and
assembling and function in protecting and repairing proteins
under stress conditions (31). Additionally, the abundance of
the proteasome subunit beta type-2 protein was up-regulat-
ed by SNP+NaCl treatment. This protein has been reported to
play a role in ubiquitin-mediated protein degradation (32).
This result suggests that NO can alleviate salt stress-induced
damage by increasing the degradation of misfolded or dam-
aged proteins. As a result, an SNP-induced increase in these
proteins can lead to a general improvement in cellular pro-
cesses during stress conditions.

The over-production of reactive oxygen species is a well-doc-
umented indirect effect of salinity stress (33). In our study, the
abundance of BAS and THI1 protein was increased by SNP+Na-
Cl treatment. It has been reported that a thiol specific antioxi-
dant BAS is localized to chloroplasts and it has antioxidant and
chaperone activity during photosynthesis and plant develop-
ment (34). THIT is an important enzyme functioning in the thia-
mine biosynthesis pathway and participates in stress tolerance
mechanisms in yeast, bacteria, and Arabidopsis thaliana by re-
pairing DNA damage (35,36). Additionally, thiamine has been
shown to alleviate the effects of oxidative stress in plants during
environmental stresses (37). SNP-induced up-regulation of BAS
and THI1 proteins may alleviate NaCl-induced oxidative stress
in barley leaves by reducing oxidative stress and maintaining
DNA stability.

Regulation of energy metabolism is one of the important strat-
egies for overcoming salinity stress (38). In our study, the level
of expression of the glycolysis-related FBA protein was up-reg-
ulated by salt stress. FBA catalyses the reversible separation of
fructose-1,6-bisphosphate into glyceraldehyde 3-phosphate
and dihydroxyacetone phosphate. Yin et al. (39) found that FBA
is important in maintaining the physiological functions of B.
napus leaves under biotic stress conditions. However, overex-
pression of the Sesuvium portulacastrum FBA gene (SpFBA) in
E. coli bacteria enhanced salinity tolerance (40). It suggests that
increased glycolysis activity may be a possible plant strategy to
overcome salt stress.

S-adenosylmethionine synthase (SAMS) catalyse the biosynthe-
sis of SAM from methionine and ATP, and SAM functions as the
precursor of phytohormones such as polyamines and ethylene
(41). Transgenic experiments have proven that SAM contributes
to stress tolerance by increasing accumulation of polyamines
(41,42). However, it has been stated that the abundance of
SAMS protein was higher in salt-tolerant barley than in salt-sen-
sitive barley (43). In our study, SNP pre-treatment resulted in
an increase in the abundance of SAMS protein in both control
and salt stress conditions. It can be suggested that an increased
abundance of SAMS may increase salt tolerance by promoting
polyamine biosynthesis.
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Glutamate decarboxylase (GAD) is a Ca?*-dependent calmod-
ulin-binding protein that catalyses the synthesis of amino-am-
inobutyric acid (GABA). GABA plays a role in various biological
pathways including cytosolic pH regulation, nitrogen metabo-
lism, and carbon flow to the TCA cycle (44). Renault et al. (45)
reported that GABA accumulation was associated with GAD
activity in Arabidopsis plants under salinity stress. Additional-
ly, exogenous GABA application has been reported to increase
salt tolerance by increasing antioxidant capacity and photo-
synthetic activity, ensuring osmotic adjustment and regulating
water use efficiency (46). The increased GAD activity has been
shown to be associated with the rapid accumulation of proline
which increases salt tolerance in sesame (47). In our study, the
expression level of GAD protein increased approximately 3-fold
in NaCl application, and 1.6-fold in SNP+NaCl applications. This
result suggested that the accumulation of GAD protein may
contribute to salt tolerance of barley seedlings.

CONCLUSION

SNP application significantly increased biomass and helped
maintain the growth of barley seedlings under salt stress. In
our study, proteins that have a role in important biological
functions and are differentially expressed in response to SNP
application and/or NaCl stress in barley seedlings were iden-
tified by MALDI-TOF/TOF mass spectrometry. It can be argued
that these proteins, which are mostly up-regulated, affect
plant metabolism in order to overcome the negative effects
of salinity stress. Exogenous SNP increased the expression
levels of CPN20, BAS, FNR, THI1, SAMS, EFTU, and proteasome
subunit beta type-2, proteins in the leaves of barley seedlings
under NaCl stress. SNP has contributed greatly to the increase
of salt tolerance by regulating photosynthesis, protein metab-
olism and defense systems. These findings will allow for a bet-
ter understanding of SNP-induced salt tolerance mechanisms
in barley plants.
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ABSTRACT

Objective: The aim of this study was to investigate antioxidant, enzyme inhibitory and cytotoxic activities of Agropyron
repens and Crataegus monogyna methanol extracts with total phenolic and flavonoid contents.

Materials and Methods: Total phenolic and flavonoid contents of A. repens and C. monogyna methanol extracts were
measured according to Folin Ciocalteu and aluminum nitrate methods, respectively. Antioxidant and enzyme inhibitory
activities of the methanol extracts were tested spectrophotometrically. Also, cytotoxic activities of the methanol extracts
against DLD-1 and CCD-18Co were investigated by using Alamar Blue assay.

Results: C. monogyna methanol extract with the highest total phenolic and flavonoid contents (68.13+0.34 pg GAEs/mg
extract and 36.91+0.17 ug QEs/mg extract, respectively) had the best antioxidant activity in B-carotene-linoleic acid (IC;:
32.7240.15 pg/mL), CUPRAC (AO_SO: 282.69+0.25 pg/mL), DPPH (ICSO: 71.6940.85 pg/mL), and ABTS* (ICSO: 40.43+0.55 pg/
mL) assays. A. repens methanol extract showed the highest effect against AChE (18.731£0.47 %), BChE (37.59+1.07 %), urease
(89.18+0.84%), a-glucosidase (6.71+0.23 %), whereas C. monogyna methanol extract showed the highest effect against
tyrosinase (30.52+1.00%) and a-amylase (37.24+0.06 %). Also, A. repens (IC, : 57.38 ug/mL) and C. monogyna (IC: 54.04 ug/

mL) methanol extracts showed close cytotoxic activity on DLD-1.

Conclusion: Antioxidant, cytotoxic, and enzyme inhibitory activities of A. repens and C. monogyna methanol extracts were
investigated with total phenolic and flavonoid contents in this study. The results obtained with this study strengthen the
potential of the studied plants as a new source for the discovery of antioxidant, cytotoxic, and enzyme inhibitor agents.

Keywords: Agropyron repens, Crataegus monogyna, antioxidant activity, cytotoxic activity, enzyme inhibitory activity

INTRODUCTION sible for the biological properties of plant species used
worldwide (1,2). Compounds such as alkaloids, tannins,
flavonoids, and phenolics found in plants are therapeu-

tic for human health (3,4).

Pharmacologically, medicinal plants have always been
at the forefront of almost all civilizations. Medicinal
plants are used to treat diseases and prevent possible

epidemics, and additionally to flavor and to preserve
foods. Also, medicinal plants are considered as rich
sources of traditional medicines, and most synthetic
medicines are produced from these plants. Secondary
metabolites produced by plants are generally respon-

Agropyron species is a member of Poaceae. Agropyron
repens (Quack grass) is known as ‘Ayrik otu’in Turkey. It is
often used in folk medicine as a diuretic in prostate dis-
ease, urinary infections, as well as calming of spasms and
pain in the urinary tract (5). A. repens has been reported
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to be used in Bulgarian traditional medicine as antitussive, an-
ti-inflammatory, and diuretic; in Kosovo traditional medicine as
antirheumatic and antianemic; in Turkey traditional medicine to
treat treatment of kidney stones and gastrointestinal diseases
(6-8). A. repens was previously determined to contain phenol
compounds, carbohydrates, pectins, saponins and to have an-
ti-inflammatory, antiadhesive, and diuretic effects (9-11).

Crataegus species is a member of Rosaceae and widely grown
in Europe, America, and Asia. The genus Crataegus consists of
200 species around the world and represented by 21 species
in Turkey. Crataegus (Hawthorn) is known as ‘Ali¢’ in Turkey (12).
Crataegus (hawthorn) species are widely used in folk medicine
in the therapy of diseases such as congestive heart failure, an-
gina, hypertension, arrhythmia. Crataegus species have been
reported to be used in traditional Chinese medicine to remove
blood stasis, improve circulation, treat diarrhea, indigestion,
hyperlipidemia, hypertension and abdominal pain; in European
traditional medicine in the therapy of heart problems in associ-
ated with their antiatherosclerotic, cardiotonic, antispasmodic,
and hypotensive properties; in Turkey traditional medicine as
a diuretic agent for the treatment of intestinal disorders (13).
It has been reported that Crataegus species indicated immu-
nostimulant, radical scavenging, antiviral, anti-lipoperoxidant,
antimicrobial, anti-inflammatory, antihyperlipidemic, hepato-
protective, gastroprotective, and hypoglycemic activities in
relation to containing phenolic compounds, proanthocyanins,
triterpenoids, and flavonoid glycosides (12,14).

Investigating the effects of medicinal plants on health is import-
ant for the discovery or design of new drugs, and studies in this
area have been increasing in recent years. Therefore, the aim of
this study is to investigate the antioxidant, cytotoxic, and en-
zyme inhibitory activities of A. repens and Crataegus monogyna
methanol extracts with total phenolic and flavonoid contents.

MATERIALS AND METHODS

Plant Materials

A. repens and C. monogyna were collected from Konya, Turkey
in 2017. The plant species were identified by Dr. Ergiin Kaya
at Mugla Sitki Kogman University, Mugla, Turkey. The voucher
specimen has been deposited at Plant Molecular Genetics and
Biotechnology Laboratory, Department of Molecular Biology
and Genetics, Mugla Sitki Kogman University with voucher no
EK.1688 (for A. repens) and EK.1687 (for C. monogyna).

Extraction

The aerial parts of A. repens and C. monogyna were extracted with
methanol at room temperature for 24 h and four times. Solvent
was evaporated under vacuum by an evaporator to obtain the
methanol extracts. All extracts were stored at +4°C until analysis.

Instruments

Antioxidant and enzyme inhibitory tests were measured by
using a 96-well microplate reader, SpectraMax 340PC384 (Mo-
lecular Devices, Silicon Valley, California, USA). Softmax PRO
v5.2 software (Molecular Devices, Silicon Valley) was used to

9

calculate and measure the bioactivity data. A 96-well micro-
plate reader (MultiskanGo, Thermo Scientific Co., MA, USA) was
used to analyze cytotoxic activity studies. Cytotoxic activity re-
sults were measured and calculated by using GraphPad Prism
(GraphPad Software v5.0, USA).

Total Phenolic and Flavonoid Contents

The phenolic contents of extracts were tested based on the meth-
od reported by Slinkard and Singleton (15). Results were given
as a microgram of gallic equivalents (GAEs) using the following
equation that was obtained from standard gallic acid graph:

Absorbance=0.0104[gallic acid (ug)] - 0.0263 (r?,0.9974)

Total flavonoid contents of extracts were measured by using
the aluminum nitrate method (16). Results were given as micro-
gram quercetin equivalents (QEs) using the following equation
that was obtained from standard quercetin acid graph:

Absorbance=0.0158[quercetin (ug)] - 0.0306 (r?, 0.9993)

Antioxidant Activity

[-carotene-linoleic acid, metal chelating, cupric reducing antioxi-
dant capacity (CUPRAC), 1,1-diphenyl-2-picrylhydrazyl free radical
(DPPH), and (3-ethylbenzothiazoline-6-sulfonic acid) diammoni-
um salt cation radical (ABTS™) scavencing assays were performed
for measurement of antioxidant activities of the extracts (17). The
graph of the inhibition percentage (%) versus the concentration
(Mg/mL) was used to calculate the IC_; values of the extracts. The
graph of the absorbance versus the concentration (ug/mL) was
used to calculate 0.50 absorbance (A ;) values of the extracts. The
antioxidant activity results were stated as 50 % inhibition concen-
tration (IC, ) for B-carotene-linoleic acid, ABTS and DPPH scav-
enging, inhibition percentage (%) at 400 pug/mL concentration for
metal chelating assay and A . which corresponds to the concen-
tration producing 0.500 absorbance for CUPRAC assay.

Enzyme Inhibitory Activity

Acetylcholinesterase (AChE), butyrylcholinesterase (BChE), ure-
ase, and tyrosinase inhibitory activities of the extracts were car-
ried out as reported in our previous study (18). a-Amylase and
a-glucosidase inhibitory activities were screened according to
the method previously reported by Deveci et al. (19). Galantam-
ine, Kojic acid, Thiourea and Acarbose were used as standards.
The enzyme inhibitory activity results were stated as IC, and
inhibition percentages (%).

Cell Culture

DLD-1 (colorectal cancer), and CCD-18Co (human colon fibro-
blast cell line) were cultivated in RPMI-1640 and EMEM growth
mediums (ATCC, Virginia, USA), respectively and incubated
with 1% penicillin/streptomycin, 10% fetal bovine serum (FBS),
2 mM L-glutamine (Sigma, St. Louis, Missouri, USA) in 5% CO, at
37°C and 90-95 % humidity.

Cell Viability Assay
1x10* cells were put into 96-well plate with growth medium
and incubated in 5% CO, at 37°C for 24h until attached to the
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bottom. Then, different concentrations (between 1 pg/mL and
1000 pg/mL) of the extracts were added to each well. Viabili-
ty and proliferation of the cells were tested according to the
previously described Alamar Blue assay (20). The results were
measured by using 96-well microplate reader at 570 nm and
610 nm. The sigmoidal plot of the inhibition rate (%) versus the
log concentration (ug/mL) was used to calculate the IC_ values
of the extracts.

Statistical Analysis

Antioxidant, cytotoxic, and enzyme inhibitory activity results
were the average of three parallel sample measurements. The
data were registered as the mean + S.E.M.

RESULTS

Total Phenolic and Flavonoid Contents
Total phenolic and flavonoid contents of A. repens and C.
monogyna methanol extracts were measured according to

Folin Ciocalteu and aluminum nitrate methods, respectively.
Total phenolic contents of A. repens and C. monogyna methanol
extracts were calculated as 24.57+0.22 and 68.13+0.34 ug
GAEs/mg extract. Total flavonoid contents of A. repens and C.
monogyna methanol extracts were recorded as 9.31+£0.41 and
36.91+0.17 pg QEs/mg extract (Table 1).

Antioxidant Activity

Antioxidants have different mechanisms of action, so more than
one method is need to be used to test antioxidant properties.
Therefore, antioxidant activities of A. repens and C. monogyna
methanol extracts were screened by using five different assays,
namely, [B-carotene-linoleic acid, metal chelating, CUPRAC,
scavenging of ABTS cation radical and DPPH free radical assays
and results are summarized in Table 2.

-carotene-linoleic acid method is an important test system
that demonstrates the ability of antioxidant compounds to in-
hibit linoleic acid oxidation. The degree of the bleaching caused

Table 1. Total phenolic and flavonoid contents of the extracts?.

Total phenolic content

Total flavonoid contents

(ng GAEs/mg extract)® (ng QEs/mg extract)©
A. repens methanol 24.57+0.22 9.31£0.41
C. monogyna methanol 68.13+0.34 36.91+£0.17

2Values represent the means + SEM of three parallel sample measurements (n=3) analyzed 3 times. T test was used to determine significant differences between

means, p values <0.05 were regarded as significant.

2Values expressed are means + S.E.M. of three parallel measurements (p<0.05).
GAEs, gallic acid equivalents.

€QEs, quercetin equivalents.

Table 2. Antioxidant activities of the extracts.

Antioxidant Activity
B-carot.ene-linoleic DPPH- assay ABTS*assay CUPRAC assay Metal chelating
acid assay assay

Extracts IC,, (ng/mL)* IC, (ng/mL)  IC, (ng/mL)* A, (ng/mL)’ Inhibition (%)
A. repens methanol 77.62+0.09 >400 127.78+0.99 >400 13.09+0.99
C. monogyna methanol 32.72+0.15 71.69£0.85 40.43+0.55 282.69+0.25 NAe
a-Tocopherol 2.10+0.08 37.18+0.41 38.51+0.54 66.72+0.81 NT'
BHA® 1.34+0.04 19.80+0.36 11.82+0.09 24.40+0.69 NTf
EDTA¢ NTf NTf NTf NT' 95.20+0.13

%1C,, values represent the means + SEM of three parallel measurements (n=3) analyzed 3 times. T test was used to determine significant differences between means,

p values <0.05 were regarded as significant.

b:A _ values represent the means + SEM of three parallel measurements (p<0.05).

0.50
< Inhibition % of 400 ug/mL concentration of the extracts.

d: Standards
¢ NA: Not active.
f.NT: Not tested.
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Figure 1. Cytotoxic effects of A. repens and C. monogyna methanol extracts on DLD-1 and CCD-18Co a) IC, values on DLD-1 b) Heat Map
analyses of dose-dependent inhibition against DLD-1 cells. Cell viability decreased from red to pink color ¢) IC,  values on CCD-18Co d)
Heat Map analyses of dose-dependent inhibition against CCD-18Co. Cell viability decreased from green to pink color. ARM: A. repens

by lipid peroxyl radicals formed in the method in the color of
[3-carotene is inhibited by antioxidant compounds are tested.
IC,, values of A. repens and C. monogyna methanol extracts
were found as 77.62+0.09 and 32.72+0.15 pg/mL in the 3-caro-
tene-linoleic acid assay.

ABTS*and DPPH: radicals are the most widely used radicals in
determining of radical scavenging activities. As itis seen in Table
2, the best scavenging activities on ABTS*(IC, : 40.43+0.55 ug/
mL) and DPPH"(IC,: 71.69+0.85 pg/mL) radicals were observed
in C. monogyna methanol extract. Also, C. monogyna methanol
extract indicated near-standard activity in ABTS*assay.

The reducing power is an important indicator to evaluate an-
tioxidant activity and the electron donation capabilities of
the methanol extracts were determined by using the CUPRAC
method. When compared to the standards, both methanol ex-
tracts showed low cupric reducing power.

Transition metals accumulate in the body at high rates, contrib-
uting to oxidative damage and thus causing various abnormal-
ities. Therefore, metal chelating activity is of great importance
in explaining of antioxidant activity. When A. repens methanol
extract exhibited low metal chelating activity with an inhibition

101

Table 3. Cytotoxic activities of the extracts.

DLD-1 CCD-18Co
Extracts IC, (ug/mL)  IC  (pg/mL)
A. repens methanol 57.38 543.30
C. monogyna methanol 54.04 179.60

value of 13.09+0.99 % at 400 pug/mL concentration, C. monogy-
na methanol extract showed no activity.

Cytotoxic Activity

Cytotoxic activities of A. repens and C. monogyna methanol ex-
tracts were tested on DLD-1 (colorectal cancer) and CCD-18Co
(human colon fibroblast cell line) according to Alamar Blue as-
say. Figure 1 represents the cytotoxic effects of the methanol
extracts on DLD-1 and CCD-18Co. Table 3 shows the calculated
IC,, values of the methanol extracts. As seen in Figure 1a and
1c, the methanol extracts inhibited the viability of DLD-1 and
CCD-18Co dose-dependently. A. repens (IC,: 57.38 pg/mL) and
C.monogyna (IC, : 54.04 ug/mL) methanol extracts showed sim-
ilar cytotoxic activity on DLD-1.



Table 4. Enzyme inhibitory activities of the extracts?.

BChE Tyrosinase Urease a-Amylase a-Glucosidase

AChE

IC,, Inhibition IC,, Inhibition IC,, Inhibition IC,, Inhibition IC,, Inhibition IC,,
(ng/mL) (rg/mL) (pg/mL) (ng/mL) (ng/mL)

(ng/mL)

Inhibition

(%)

(%)<

(%)*°

(%)*°

(%)°

(%)°

Extracts

>500

6.71£0.23

89.18+0.84 24.85+0.08 33.39+0.92 >500

>200  37.59+1.07 >200 NA9 >200

18.73+£0.47

A. repens
methanol

>200  22.43+0.60 >200 30.52+1.00 >200 NA9 >200 37.24+0.06 >500 4.76+0.48 >500

10.92+0.66

C. monogyna
methanol

NT!
NT'
NTf

NT!
NT'
NTf

NT!
NT'
NTf

NT!
NT'
NTf

NTf NTf
NTf

NTf

NTf
144.91+0.19

80.41+£0.98 4.31+0.03 82.23+0.37 12.29+0.06

Galantamine®

83.6+0.20

NT'
NTf
NT

NTf
NTf
NT

NTf
NTf
NT

NT'
NTf
NT

Kojic acid®

78.93+0.18 7.87+0.18

NT'

NTf
NTf

Thiourea®
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31.95+0.62 378.66+0.14

94.01+£0.09 21.63+0.01

NTf

NTf

NT!

Acarbose®

3) analyzed 3 times. T test was used to determine significant differences between means, p values <0.05 were regarded as significant.

b Inhibition % of 200 pg/mL concentration of the plant extracts. <:Inhibition % of 500 pg/mL concentration of the plant extracts.

2Values represent the means + SEM of three parallel sample measurements (n

4: Inhibition % of 250 pg/mL concentration of the plant extracts. ¢ Standards. ©: NT: not tested. 9: NA: not active. AChE: Acetylcholinesterase, BChE: Butyrylcholinesterase.

Enzyme Inhibitory Activity

Cholinesterase inhibitory activities of A. repens and C. monog-
yna methanol extracts were screened according to the Ellman
method and the results are given in Table 4. A. repens displayed
the best inhibitory activity against AChE (18.73+0.47 %) and
BChE (37.59+1.07 %) at 200 pg/mL concentration.

Dopachrome method was used to test tyrosinase inhibitory ac-
tivities of A. repens and C. monogyna methanol extracts. As it
is given in Table 4, C. monogyna methanol extract showed low
inhibitory activity against tyrosinase while A. repens methanol
extract exhibited no activity.

Indophenol method was used for the measurement of urease
inhibitory activity of A. repens and C. monogyna methanol ex-
tracts and results are summarized in Table 4. A. repens methanol
extract (89.18+0.84 %) was found as better urease inhibitor by
comparison with thiourea (78.93+0.18 %) at 200 ug/mL concen-
tration.

Antidiabetic activities of A. repens and C. monogyna methanol
extracts on a-amylase and a-glucosidase were determined. As
it presented in Table 4, the highest a-amylase inhibitory activ-
ity was found in C. monogyna methanol extract (37.24+0.06
% at 500 pg/mL concentration) while the best a-glucosidase
inhibitory activity was observed in A. repens methanol extract
(6.71+0.23 % at 250 pg/mL concentration).

DISCUSSION

Medicinal plants, besides being used as taste, color, aroma and
preservatives in foods for centuries, are excellent sources of
natural antioxidants, and their bioactive compounds, especial-
ly phenolic substances, have the potential to reduce the risk of
degenerative diseases such as diabetes, obesity, cardiovascular
diseases and cancer (21). Antioxidant, cytotoxic, and enzyme
inhibitory activities of A. repens and C. monogyna methanol ex-
tracts were investigated with total phenolic and flavonoid con-
tents in this current study.

Phenolic compounds are one of the largest and most common
secondary metabolite groups in the plant world with more than
8000 identified phenolic structures (22) Phenolic compounds
can be found in all organs of plants and are involved in many
functions, from skeletal components of different tissues to
pigmentation (23). Phenolic compounds have diverse biological
functions such as inhibition of lipid peroxidation, antioxidant
and antimicrobial activities, inhibition of carcinogenesis,
direct constrictive action on capillaries (24). Flavonoids are an
essential group of naturally occurring phenolic compounds
found in all vascular plants. It was well documented that
flavonoids had antioxidant, cardioprotective, antidiabetic, anti-
inflammatory, anti-allergic, antiviral, and anticancer effects (25).
Plant phenolics and flavonoids have received greater attention
since they have various biological properties. The highest
amounts of total phenolic and flavonoid contents were found in
C. monogyna methanol extract. Oztiirk and Tuncel (26) reported
the total phenolic contents of the methanol, ethyl acetate,
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aqueous, and infusion extracts of C. monogyna in the range of
108.65 and 343.54 mg GAE/g extract. In a different study, total
phenolic (361.39+3.78-398.48+0.98 mg GAE/g extract) and
flavonoid (13.69+0.51-23.87+2.74 mg QE/g extract) contents of
C. orientalis, C. monogyna, C. pontica, C. turcicus, C. rhipidophylla
were investigated (12). Cosmulescu et al. found contents of
203.01+£9.56 mg GAE/100 g FW phenolics and 147.98+7.29 mg
QE/100 g FW flavonoids in the methanol extract of C. monogyna
(27). Total phenolic content of A. repens methanol extract was
calculated as 743 GAE mg/100 g extract by Dogan et al. (28).

Oxidative stress plays an important role in the development and
initiation of many diseases, comprising autoimmune diseases,
inflammation, Parkinson’s and neurodegenerative diseases,
aging, cataracts, arteriosclerosis, and cancer (29). Studies have
proven that oxidative damage is effective in the development
of age-related and chronic diseases, and dietary antioxidant
supplementation counteracts it and reduces the risk of
disease (30). Antioxidants are substances that delay or prevent
oxidation of an oxidizable substrate at low concentrations (31).
In this study, antioxidant activities of A. repens and C. monogyna
methanol extracts were screened by using five different assays
and C. monogyna methanol extract was recorded to have the
highest antioxidant activity in all activity assays excluding
metal chelating assay. The highest antioxidant activity could be
connected with the highest level of total phenolic and flavonoid
contents. Many previous studies have proved that there is
a positive relationship between the levels of total phenolic
and flavonoid contents and antioxidant activity (12,18). There
are studies on the antioxidant properties of A. repens and C.
monogyna species in the literature. Scavenging activity of
DPPH was found as 0.32+0.01 mmol Trolox/100 g FW in C
monogyna methanol extract (27). Antioxidant activity of the
water, 80% ethanol: water and ethanol extracts of C. monogyna
were studied by Nunes et al. (32). When 80 % ethanol: water
extract exhibited the highest activity in total antioxidant
activity (243.31+£9.61 AAE/g dw), reducing power (177.86+7.54
mg TE/g dw), ferric reducing antioxidant power (225.52+10.91
mg TE/g dw) assays, the water extract (61.56+4.00 ug sample/
mL) in DPPH radical scavenging assay. Rocchetti et al. reported
the decoction, infusion, and methanolic extracts of leaves
and twig of C. tanacetifolia, C. szovitsii, C. orientalis by using
phosphomolybdenum  (1.18+0.06-3.45+0.09 mmol TE/g),
ABTS (81.35+£5.28-515.54+£6.29 mg TE/g), DPPH (74.20+1.26-
393.69+0.48 mg TE/g), CUPRAC (200.51+2.71-708.09+13.35
mg TE/g), FRAP (97.84+1.10-399.02+2.03 mg TE/g) and metal
chelating (11.90+1.68-48.95+1.01 mg EDTAE/g) assays (33). In
a different report, antioxidant properties of 50% ethanol, 70%
methanol, and water extracts of C. monogyna were tested
according to DPPH and FRAP assays. 50% ethanol extract was
found to have the highest activity in DPPH and FRAP assays
with the value of 1955.9+2.8 and 1989.8+1.1 mM Trolox/g,
respectively (34). In the research of Ferysiuk et al, water,
aqueous ethanol (50:50) and ethanol extracts of A. repens
scavenged 1.77+0.41, 2.92+0.18, 4.42+0.3 % of DPPH' and
1.23+0.17,4.85+0.22, 3.6+0.15 % of ABTS™, respectively (5).

Colorectal cancer ranks 3rd after lung and breast cancer deaths
in women, and lung and prostate cancer deaths in men.
Considering the etiology of colorectal cancer, it is basically
the genetic change process of the epithelial cells in the
colon mucosa. The factors that trigger colon cancer include
susceptibility to mutagenic effects, red meat consumption,
bile acids, and insufficient intake of vitamins and minerals (35).
Although the main treatment is surgery, recurrences occur
in most of the patients within the first 3 years after surgery
with only surgical treatment (36). Many different treatment
modalities are used in cancer treatment to reduce mortality and
increase survival. These can be listed as surgery, radiotherapy,
chemotherapy, hormone therapy and new treatment methods,
immunotherapy, signal transduction system inhibitors, gene
therapy, and angiogenesis inhibitors. Chemotherapy is a form
of treatment aimed mainly at killing cancer cells. However,
the effectiveness of current chemotherapy agents in different
cancer types is limited (37,38). For cancer treatment, many
drugs, and new treatment methods have been developed in
recent years, and studies to obtain new, natural and side effects
free drugs from plants have gained importance. A. repens and C.
monogyna methanol extracts showed close cytotoxic activity on
DLD-1.There are only two reports on the literature related with
cytotoxic activity of Crataegus species. The % inhibition values
of HCT116 (colorectal cancer) by Crataegus L. polysaccharide
extract were reported as in a range from 20% to 80% between
125 and 1000 pg/mL concentrations (39). Ganie et al. revealed
that C. songarica methanol, ethanol and ethyl acetate extracts
inhibited ~ 80%, 85%, 75% of SW480 (colorectal cancer) at 80
pg/mL concentration (40).

In Alzheimer’s disease (AD), the acetylcholine level decreases
with the loss of neurons and axons. For this reason, increasing
the acetylcholine level is important in the therapy of
AD. Acetylcholine level can be increased by suppressing
cholinesterase enzymes that break down acetylcholine. AChE
and BChE are enzymes that are encoded by different genes
but differ from each other, especially due to their substrate
selectivity and differences in some catalytic mechanisms.
Studies have reported that increases in acetylcholine levels
due to cholinesterase inhibition may improve unconsciousness
in the early stages of AD (41,42). Tyrosinase is an important
enzyme in hyperpigmentation problems such as skin spots
caused by excessive melanin synthesis in the body and such as
psoriasis and vitiligo caused by insufficient melanin synthesis.
Agents that inhibit this enzyme can be used in the treatment
of hyperpigmentation problems (43,44). Urease is an enzyme
catalyse the hydrolysis of urea to ammonia and bicarbonate.
Inhibition of urease is especially important in the treatment of
urinary and gastrointestinal tractinfections. Urease inhibitors are
very important for Helicobacter pylori, an anaerobic bacterium
that has recently caused stomach reflux, ulcers and gastritis. In
fact, urease activity has an essential role in buffering the acidic
pH in the stomach, in food intake, and in enhancing the ability
of H. pylori to colonize the gastric epithelium. Urease inhibition
is very important for the treatment of diseases associated with
H. pylori (45,46). Diabetes mellitus, characterized by insulin
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deficiency or ineffectiveness, is a lifelong metabolic disease. In
type 2 diabetes, the level of sugar in the blood increases due
to both insufficient insulin secretion and decreased insulin
sensitivity (47). One of the treatment methods to reduce blood
sugar is to delay the passage of glucose into the blood by
inhibiting the activity of carbohydrate digestive enzymes such
as a-glucosidase and a-amylase in the digestive system, or to
allow them to pass into the blood regularly (48). According
to obtained results, A. repens methanol extract displayed
the highest effect against AChE, BChE, urease, a-glucosidase
enzymes whereas C. monogyna methanol extract showed
the highest effect against tyrosinase and a-amylase enzymes.
Previously, tyrosinase inhibition values of C. monogyna and C.
oxyacantha were reported as ~40% and ~50%, respectively
(49). a-Amylase (IC: 10.71+0.11 mg/mL), a-glucosidase (IC:
10.72+0.43 mg/mL), AChE (IC, : 69.59+1.12 mg/mL) and BChE
(IC,: 132.70+2.12 mg/mL) inhibitory activities of Crataegus
L. methanol:water extract were investigated by Nowicka
and Wojdylo (50). The decoction, infusion and methanolic
extracts of twig and leaves of C. tanacetifolia, C. szovitsii, C.
orientalis were tested for their inhibitory activities against
AChE (3.62+0.25-4.33+0.05 mg GALAE/g), BChE (1.43+0.05-
5.21£0.07 mg GALAE/qg), tyrosinase (9.80+2.39-128.78+0.94
mg KAE/g), a-amylase (0.11+0.01-0.66+0.02 mmol ACAE/g) and
a-glucosidase (3.01+£0.11-33.57+0.02 mmol ACAE/qg) (27). This
study can be assumed as the first investigation on AChE, BChE,
a-amylase, a-glucosidase, and urease inhibitory activities of A.
repens and C. monogyna methanol extracts.

CONCLUSION

Antioxidant, cytotoxic, and enzyme inhibitory activities of A.
repens and C. monogyna methanol extracts were investigated
with total phenolic and flavonoid contents in this current study.
It was determined that C. monogyna methanol extract with the
highest total phenolic and flavonoid contents had the best an-
tioxidant activity in all studied assays except metal chelating
assay. When the extracts showed moderate enzyme inhibitory
activities, A. repens methanol extract showed superior inhibito-
ry activity against urease enzyme. Also, A. repens and C. mon-
ogyna methanol extracts showed close cytotoxic activity on
DLD-1. This study can be considered as the first investigation
on cytotoxic and enzyme inhibitory activities of A. repens and
C. monogyna species. It is thought that this study will further
contribute to the biological values of these plants, which are
used for different purposes in folk medicines.
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ABSTRACT

Objective: This study determines the diversity of annelid polychaete species distributed around the coast of Sinop and to
identify possible spatial and temporal variations of the Polychaeta community.

Materials and Methods: Benthic material was collected from 8 stations using Van Veen grab between October 2013 and July
2014 on the soft bottom of Sinop Peninsula.

Results: A total of 90 species belonging to 30 families were identified. Among them, Galathowenia cf. oculata, Rhodine
loveni Malmgren, 1865, Paradoneis armata Glémarec, 1966, Paralacydonia paradoxa Fauvel, 1913 and Syllis cf. amica are new
records for the Black Sea fauna and Glycera tridactyla Schmarda, 1861 is new for the Turkish coast of the Black Sea. Prionospio
(Minuspio) maciolekae Dagli and Cinar, 2011, Micronephthys longicornis (Perejaslavtseva, 1891) and Protodorvillea kefersteini
(MclIntosh, 1869) were the most frequent and dominant species in the study area. The highest mean number of species (29
species) was found in spring at station G2; the lowest mean number of species (4 species) was determined at station G3 in
winter. The highest mean density value (9470 ind. m?) was determined at G2 station in summer; the lowest mean density
value (357 ind. m) was calculated in autumn at station G5.

Conclusion: The Polychaeta diversity on the soft bottom of the Sinop Peninsula was analyzed and four species were newly
recorded for the Black Sea fauna and one for the Turkish Black Sea fauna.

Keywords: Polychaeta, benthos, community, diversity, density

INTRODUCTION

Annelid polychaetes are the most diverse benthic in-
vertebrates and they densely occur on the sea-floor.
Although most of the polychaetes live in a marine
environment, fresh and brackish water forms are also
known. Up to date, more than 12,000 species of Poly-
chaeta have been reported in the world oceans (1);
from them, more than 1,100 species have been report-
ed in the Mediterranean Sea (2). Nowadays, a total of
711 species have been reported on the coast of Turkey
with 459 species in the Levantine Sea, 559 species in
the Aegean Sea, 398 species in the Sea of Marmara, and
187 in the Black Sea (3-7).

Sinop Peninsula is located on the Black Sea with a
salinity of about 18%o. The Black Sea is one of the
largest semi-closed seas in the world with an area
of approximately 4.2x105 km?, an average depth of
2,212 m, and a water volume of 534,000 km (8). Due
to the high rate of hydrogen sulphide (H.S), most of
the Black Sea basin (~ 87%) shows anoxic properties
(8, 9). Anoxic conditions affect the vertical distribu-
tion of organisms at depths below 70-200 meters.
The hydrographic regime is characterized by high sa-
linity in the deep waters of the Mediterranean origin,
which is covered by the low salinity surface waters
of the river.
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The structure of the Black Sea ecosystem differs from the Med-
iterranean because of less diversity and dominant groups of
species. However, productivity, total biomass and abundance
values of the Black Sea are higher than those of the Mediterra-
nean Sea (5, 9).

There are only a few investigations on polychaete diversity from
the Black Sea (10-16). All the studies that addressed the Turkish
Black Sea have focused on the pyrophosphoric region, (17-24)
and some others on the Anatolian coasts (5-7, 25-28).

Hence, the aims of this study are to assess diversity of polychaetes
in the soft bottoms of the Sinop Peninsula and to determine tem-
poral and spatial variations in the community of polychaetes.

MATERIALS AND METHODS

Samplings were conducted between October 2013 and July
2014 to identify diversity and seasonal changes of polychaete
species along the coast of Sinop. Benthic samples were collect-
ed seasonally from soft substratum using a Van Veen grab at 8
stations, each with 3 replicates (Figure 1; Table 1). The material
was sieved on board by using a 0.5 mm mesh sieve, and sea-
water for dilution. The organisms were fixed with 4% formalde-
hyde and placed in containing plastic bags. In the laboratory,
the fixed material was washed off with tap water using a 0.5 mm
mesh and sorted into major taxonomic groups using a light and
stereomicroscope and each sample was preserved into tubes
containing 70% ethanol. Polychaetes were determined at spe-
cies level, although those undetermined were kept at genus
level, and the numbers of individuals were counted. The materi-
al was deposited in the Hydrobiology Laboratory of the Biology
Department of Sinop University, Turkey.

The following biotic indices were used to assess the structure
of polychaete communities in the research area: Dominance
Index of Bellan-Santini (29), Shannon-Wiener’s diversity in-
dex (H'), Pielou’s evenness index (J’) and, Soyer’s frequency
index (30). All were performed by using PRIMER 5 and STA-
TISTICA 7.0.

BLACK SEA

Figure 1. Sampling stations at Sinop Peninsula, Turkey (Black
Sea).

The identified species were also classified according to the eco-
logical groups mentioned by Cinar et al. (31). The first ecological
group includes sensitive and insensitive species (Gl and Gll), the
second ecological group includes tolerant species (Glll), and the
third ecological group includes first and second order opportu-
nistic species (GIV and GV) (31).

Table 1. Coordinates, depth, and sediment type of sampling
stations at Sinop Peninsula.

Station Coordinates Depth (m) Sediment type

G1 42°02'030"N 14 Mud and shell
35015'060" E fragments

G2 42°01'329"N 15 Mud and shell
35018'371"E fragments

G3 42°02'166" N 20 Fine sand
35°21'077"E

G4 42°03'804"N 21 Fine sand
35°19'353"E

G5 42°09'936"N 14 Silt
34°94'968 " E

G6 42°08'497 "N 20 Fine sand, mud and

35002'176"E shell fragments
G7 42°06'300"N 20 Sand, Fine sand and
35°04'548"E Mud
G8 42°03'121"N 14 Sand
35015'344 "E

RESULTS

A total of 90 species belonging to 30 families and 63 genera
were determined in the study area (Table 2). Galathowenia cf.
oculata, Rhodine loveni Malmgren 1865, Paradoneis armata
Glémarec, 1966, Paralacydonia paradoxa Fauvel, 1913 and Syllis
cf. amica were new records for the Black Sea fauna and Glycera
tridactyla Schmarda, 1861 was a new record for the Turkish
coast of the Black Sea.

According to frequency index values, 40 species were distributed
as constant (50<F<100), 15 as common (25>F<50), and 35 species
asrare (0>F<25) (Table 2). Among them, Micronephthys longicornis,
Prionospio maciolekae, Spio decoratus, Heteromastus filiformis
and Melinna palmata were found at all stations (100%). Syllidae
(13 species) was the most diverse family in the area, followed
by Spionidae (8 species), Paraonidae (8 species) and Nereididae
(7 species). According to the number of individuals, the most
dominant families were identified as Spionidae, Nephtyidae and
Dorvilleidae, and these families were found during all sampling
periods. The most dominant species were P. maciolekae, M.
longicornis, P. kefersteini, H. filiformis and S. decoratus.
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Table 2. List of species collected during the study and their maximum densities (ind. m=) per station (A: autumn, W: winter, Sp: spring,
S: summer, F: Frequency values (%)).

Species G1 G2 G3 G4 G5 G6 G7 G8 F
Ampharetidae

Melinna palmata Grube, 80/Sp 100/S  290/Sp  510/Sp  440/S  330/W  1120/W  300/S 100
1870

Capitellidae

Capitella cf. capitata 60/W = 10/Sp 10/S 20/S 30/Sp 140/Sp  20/Sp-S 87.5
Capitomastus = = 150/Sp = = 120/Sp  10/W-S  250/W 50
minima (Langerhans, 1881)

Heteromastus filiformis 950/Sp  730/Sp  10/A-Sp  390/W 50/Sp 870/W 340/W 50/Sp 100
(Claparéede, 1864)

Mediomastus sp. - - 10/Sp - - - 60/S - 25
Notomastus latericeus Sars,  690/Sp 570/S 10/Sp 190/W 60/Sp 110/W  80/Sp-W - 87.5
1851

Notomastus sp. 130/A 20/S = 10/A = = 10/S = 50
Cirratulidae

Chaetozone sp. 10/Sp = = 10/A = = = = 25
Cirriformia = = > 10/A = = = = 125
tentaculata (Montagu,

1808)

Dorvilleidae

Dorvillea 10/Sp 130/W = - - - - - 25
rubrovittata (Grube, 1855)

Protodorvillea 570/Sp  940/Sp  540/Sp  1810/A - 4150/A 2310/ = 75
kefersteini (McIntosh, 1869) Sp

Schistomeringos 500/A 310/Sp 10/S 50/W = 150/A 10/A =

rudolphi (Delle Chiaje, 1828)

Eunicidae

Eunice vittata (delle Chiaje, 90/W 70/S = 20/A = = = = 375
1828)

Lysidice ninetta Audouin- - 10/Sp-W = = = = = = 12.5
Milne Edwards, 1833

Glyceridae

Glycera alba Grube, 1840 - - = 30/A 40/A 10/A 20/A - 50
Glycera tesselata Grube, = = = 40/W 50/W = - - 25
1863

**Glycera 10/Sp  10/Sp-W = 10/S 50/Sp 30/Sp 10/Sp-S 10/W 87.5
tridactyla Schmarda, 1861

Glycera sp. = 20/S = 10/A 80/S 10/Sp 10/W-S  10/W-S 75
Hesionidae

Microphthalmus sp. 20/Sp - 60/Sp 100/A - 90/W 90/Sp-S 10/Sp 75
Lacydoniidae

*Paralacydonia = 10/S = = = = 10/Sp = 25

paradoxa Fauvel, 1913

Lumbrineridae

Lumbrinereis sp. = 10/S = = = = = = 12.5
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Tablo 2 (Continued)

Magelonidae

Magelona - 10/Sp-W 30/Sp-W  170/S 310/ 20/Sp- 100/ 90/Sp-W 87.5
mirabilis (Johnston, 1865) Sp-W W-S Sp-W

Maldanidae

Leiochone leiopygos (Grube, 10/Sp-W = 10/Sp 100/Sp  110/Sp  120/W 60/Sp  10/Sp-S 87.5
1860)

*Rhodine loveni Malmgren, = 40/Sp = 70/A 30/S = 70/S = 50
1865

Nephtyidae

Micronephthys 4290/W 2570/Sp  260/Sp  3830/W  310/Sp  1470/W  1430/A 530/W 100
longicornis (Perejaslavtseva,

1891)

Nephtys hombergii Savigny = = = 10/A 20/Sp 10/W 10/A-S 20/W 62.5
inLamarck, 1818

Nephtys sp. - - 20/W 40/W 200/W 90/W 20/W 130/Sp 75
Nereididae

Ceratonereis sp. = 50/S = - - - - - 12.5
Eunereis 20/W 10/Sp = = = = = = 25
longissima (Johnston, 1840)

Nereis cf. zonata 20/A-Sp-S  110/S = 10/S = 10/Sp = = 50
Perinereis cultrifera (Grube, 170/W 180/A = 70/W = 30/W  10/Sp-W = 62.5
1840)

Platynereis 90/A 80/W - 30/A = 10/A 40/A = 62.5
dumerilii (Audouin-Milne

Edwards, 1833)

Websterinereis - 10/A - - - - - - 12.5
glauca (Claparéde, 1870)

Nereididae (sp.) 60/W 120/S 210/S 10/A-S - - 10/A-W - 62.5
Opheliidae

Polyophthalmus = = = = = 10/A 10/W-Sp = 25
pictus (Dujardin, 1839)

Orbiniidae 75
Phylo foetida (Claparéde, = = = 10/A-W-S  50/Sp = = = 25
1868)

Oweniidae

*Galathowenia cf. oculata 540/Sp 10/S - - 10/A 40/W - 50
Paraonidae

Aricidea (Acmira) catherinae 50/A 20/A-S = 450/A 20/Sp 200/A 80/Sp 70/Sp 87.5
Laubier, 1967

Aricidea (Strelzovia) 650/S 80/W 20/Sp 50/S = 10/Sp = 10/Sp 75
claudiae Laubier, 1967

Aricidea (Aricidea) = = = = 10/A = 20/A = 25
pseudoatrticulata Hobson,

1972

Aricidea (Acmira) = = = 10/W = = = 10/Sp 25

simonae Laubier & Ramos,
1974
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Tablo 2 (Continued)

Aricidea sp. 10/W = = = = = 10/S = 25
*Paradoneis - - - = 80/Sp 10/Sp = = 25
armata Glémarec, 1966

Paradoneis Iyra (Southern, - = = = 50/A = - - 12.5
1914)

Paradoneis sp. = = = = 10/S s - = 125
Pectinariidae

Lagis koreni Malmgren, 70/Sp 80/Sp = 20/W - 20/A 10/A-W = 62.5
1866

Pholoidae

Pholoe inornata Johnston, 170/Sp-  320/A 30/Sp 450/A = 150/Sp 530/A = 75
1839 W

Phyllodocidae

Eumida cf. sanguinea 70/W 160/W 10/Sp 20/A-W = 40/A 20/A-Sp 20/W 87.5
Mysta picta (Quatrefages, 20/Sp  30/Sp-W 10/S 20/W = 60/W 40/Sp 10/Sp 87.5
1866)

Nereiphylla 10/Sp 30/Sp - 20/A-W - 50/Sp 10/W = 62.5
rubiginosa (Saint-Joseph,

1888)

Phyllodoce (Anaitides) = 20/Sp - - 10/S = 10/W = 37.5
rosea (Mcintosh, 1877)

Phyllodoce sp. = = = 10/Sp = 10/Sp-S 10/A = 37.5
Pterocirrus - 20/Sp-S = 30/A - 10/Sp 10/S = 50
macroceros (Grube, 1860)

Pilargidae

Sigambra 610/A 1110/W 10/Sp 40/A = 270/A 360/A = 75
tentaculata (Treadwell,

1941)

Sigambra sp. - 20/W = = = = = = 12.5
Pisionidae

Pisione remota (Southern, = = 10/S = = = = = 12.5
1914)

Polygordiidae

Polygordius - - - = = = 30/Sp - 12.5
lacteus Schneider, 1868

Polynoidae

Harmothoe 40/W 30/A-W - 40/W - 20/W 10/A - 75
imbricata (Linnaeus, 1767)

Harmothoe sp. 150/Sp  240/Sp-S  20/Sp 130/W - 40/W 80/Sp 10/Sp 87,5
Malmgrenia 20/Sp = 10/S = = = - = 25
lilianae (Pettibone, 1993)

Malmgreniella sp. 10/W 20/A = = = = = = 25
Serpulidae

Pileolaria 210/Sp  1170/S = 290/W = = 10/Sp = 50

militaris Claparéde, 1870
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Tablo 2 (Continued)

Spirobranchus 100/S 290/W 10/S 230/W - 30/W - - 62.5
triqueter (Linnaeus, 1758)

Vermiliopsis - 10/A - - - - - - 12,5
striaticeps (Grube, 1862)

Spionidae

Aonides = 350/Sp 1820/S 1040/ 20/S 130/A 1200/ = 75
paucibranchiata Southern, Sp Sp

1914

Aonides sp. 10/S = = - - - - - 12.5
Prionospio (Minuspio) 4400/ 5080/ 460/Sp  6790/W 50/A 7480/A  3140/A  30/Sp-W 100
maciolekae Dagli & Cinar, Sp Sp

2011

Prionospio sp. 30/W 60/S 20/S 20/W 10/A = 20/Sp 10/W 87.5
Pygospio elegans Claparéde, = = 20/Sp 10/Sp 20/Sp = 10/A 10/Sp-W 62.5
1863

Pseudopolydora sp. = = 10/S = = = = = 12.5

Spio decoratus Bobretzky, 30/Sp 110/Sp 390/S 500/S 780/S 530/A 700/S 470/S 100
1870

Spio cf. filicornis > > 10/A = = = = = 12,5
Syllidae

Exogone naidina Orsted, 870/Sp  470/Sp 40/Sp 30/W = 30/Sp 30/Sp 50/Sp 87.5
1845

Myrianida sp. 10/Sp 20/Sp = = = = = = 25
Pionosyllis sp. - - = - - 10/Sp - 12.5
Salvatoria cf. dolichopoda 130/Sp 80/Sp - - - 10/Sp - - 37.5
Salvatoria 290/W 40/Sp 60/Sp 20/W - 100/W - - 62.5
clavata (Claparéde, 1863)

Salvatoria sp. = 10/W = = = = = = 12.5
Sphaerosyllis taylori Perkins, 150/W = 10/S 10/Sp = - 10/A 10/S 62.5
1981

Sphaerosyllis thomasi San - - - 10/A - - 30/Sp - 25
Martin, 1984

*Syllis cf. amica 10/W 30/W 10/A 20/A - - - - 50
Syllis gracilis Grube, 1840 - 40/S = = = = = = 12.5
Syllis krohnii Ehlers, 1864 20/A = = 10/A-W = = 10/A = 37.5
Syllis sp. 10/A 20/S 20/A 10/S = 40/A = 10/S 75
Trypanosyllis zebra (Grube, - 10/A-W = = = = = = 12.5
1860)

Terebellidae

Polycirrus 40/W 40/W 10/Sp 80/W = = 40/Sp = 62.5
jubatus Bobretzky, 1868

Polycirrus sp. 20/W 30/S = 70/S = 10/A 10/A = 62.5
Terebella cf. lapidaria 10/A 30/Sp = = = = 60/A = 375
Terebellidae (sp.) 30/A = = = = = = = 12.5

Trichobranchidae

Terebellides stroemii Sars, 170/Sp ~ 700/Sp 10/Sp 60/W
1835

10/ASpW  50/A . 75

*New records for the Black Sea, ** New records for the Turkish coast of the Black Sea
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Figure 2. Seasonal distribution of the mean number of species
(a) and individuals (m?) (b).

Figure 3. Seasonal distribution of the mean diversity (H') (a) and
evenness (J') (b) index values.

Among dominant and constant species, Prionospio maciolekae
was a sensitive species (Gl), Micronephthys longicornis,
Protodorvillea kefersteini and Spio decoratus were tolerant
species (Glll), and Heteromastus filiformis (GV) was a first-order
opportunistic species according to the five ecological groups.

The highest mean number of species for all seasons was
determined at station G2 (Figure 2a). There was no significant
difference between the stations in terms of the average number
of individuals; the highest values were determined at G2 in
all seasons just except G6 in autumn (Figure 2b). Prionospio
maciolekae, Micronephthys longicornis and Protodorvillea
kefersteini were the most dominant species in all seasons.
The maximum density values for dominant species were P,
maciolekae with 6,790 ind.m=2in winter; M. longicornis with 4,290
ind.m2 in winter; P. kefersteini with 4,150 ind.m=2 in autumn.

The highest mean H’'value was determined in summer (H'=3.37)
at station G2; whereas the lowest mean value was found at sta-
tion G3 in winter (H'=1.25) (Figure 3a). The highest mean even-
ness index value was calculated in spring at station G8 (J’=0.85);
and the lowest mean value was found at station G4 (J’=0.48) in
autumn (Figure 3b).

DISCUSSION

The first detailed study on Polychaeta species of soft substra-
tum around the Sinop Peninsula (southern Black Sea) was
carried out by Kurt Sahin et al. (5). The present study was per-

formed in the same area, but with different and deeper stations
that represent both sides of the peninsula. Kurt-Sahin and col-
leagues reported M. longicornis, P. kefersteini, P. maciolekae, H.
filiformis and S. decoratus as dominant and constant species. We
also found these species as dominant and constant in the area.
This is probably related to the sediment structure of the area.

Benthic communities were examined in five ecological
groups according to their sensitivity to environmental factors.
Of the dominant and constant species determined in the
present study, Prionospio maciolekae was a sensitive species,
Micronephthys longicornis, Protodorvillea kefersteini and Spio
decoratus were tolerant species, and Heteromastus filiformis
was a first-order opportunistic species. There were no dense
populations of species identified as opportunistic in the
research area. According to previous studies conducted on the
Black Sea coast (32); (5, 6, 10, 28, 33) and the current research,
they are typical species in soft bottoms of the Black Sea.

In the current study, station G2 was represented with the high-
est value in all seasons in terms of mean number of species
(Figure 2a). This is probably related to the sediment structure
of station G2. The biotope consists of mud and shell fragments,
whose may provide different habitats allowing settlement of
diverse species. Station G1 followed station G2 in terms of the
number of species in all seasons (Figure 2a). The highest num-
ber of species (67 species) was presented in spring and the low-
est number of species (62 species) was found in summer and
winter (Figure 2a). Considering the average number of individ-
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uals, there is significant difference between the seasons (Figure
2b). As a result of the analysis, it was determined that the av-
erage number of individuals was the highest at station G2 in
three seasons (maximum density 9,740 ind.m=2 in summer) and
the highest density was calculated at station G6 (2,470 ind.m~?
in autumn) (Figure 2b).

Syllidae, with 13 species, was the most diverse family in the
area, followed by Spionidae, Nereididae and Paraonidae. Kurt
Sahin and Cinar (4) stated that most of the species in the Black
Sea dwell in soft bottoms. They reported Syllidae and Spionidae
(32 and 31 species, respectively) as the most dominant families
by means of number of species, followed by Phyllodocidae and
Nereididiae. Kurt Sahin et al., (5) reported the most dominant
families in the Sinop Peninsula as Syllidae (12 species), Spioni-
dae (8 species) and Paraonidae (7 species).

Spionidae, Nephtyidae and Dorvilleidae were the families with
the highest number of individuals and the best representative
species were Prionospio maciolekae, Micronephthys longicornis
and Protodorvillea kefersteini. Kurt Sahin et al., (5) reported that
P. kefersteini has the highest population density (15,125 ind. m=2)
in winter, whereas M. longicornis (10,425 ind.m) in summer. In
the present study, the highest population density belonged to
P. maciolekae (7,480 ind.m?) at station G6 in the autumn peri-
od. Subsequently, M. longicornis (4,290 ind.m) had the highest
density at station G1 in winter, and P. kefersteini (4,150 ind.m)
at station G6 in autumn.

The highest diversity index value (H'=3.37) was found in sum-
mer and the lowest (H'=1.25) in winter (Figure 3a). The highest
evenness index value was calculated as J'’=0.85 in spring and
the lowest as J’=0.48 in autumn (Figure 3b). Kurt Sahin et al.,
(5) recorded the highest mean diversity index value (H'=3.05)
in summer and the lowest (H'=0.3) in autumn, and the authors
stated that high values were generally seen in summer in the
Sinop Peninsula. In the present study, mean evenness index
values were high in summer (J’= 0.88) and the lowest in winter
(J'=0.2).

Polychaete of the soft bottom Turkish coasts of the Mediterra-
nean Sea, the Aegean Sea, and the Sea of Marmara has been
well studied, but in the Black Sea, the studies are limited. The
first research conducted on Polychaeta biodiversity of Sinop
Peninsula was carried out by Cinar and Gonllgir-Demirci (25)
that reported 55 polychaete species associated with algae and
mussel beds. Gozler et al., (27), reported 9 nereidid species as-
sociated with Cystoseira barbata and Mytilaster lineatus facies.
Sezgin et al., (34) reported 50 polychaete species in the Anato-
lian coasts of the Black Sea. Polychaetes from other Black Sea
coasts are relatively well known compared with those from Tur-
key (5). Soft bottom Polychaeta fauna of the Black Sea has been
studied in Bulgaria (10), Crimea (12), Romania (13, 15, 16), and
the Ukraine (14).

Kurt Sahin et al., (5) reported 76 species from the Sinop Peninsu-
la and Kurt Sahin et al., (6) reported 58 species from the igneada
coast. Finally, Kurt Sahin et al., (7) reported 4 new records for the

Black Sea coast of Turkey and 4 new species for the fauna of the
Black Sea.

It is well known that the distribution of soft substratum poly-
chaetes depends on depth, seasonal variables, and sediment
structure (35-37). Gambi and Giangrande (38) and Mackie et al.,
(36) reported that both density and diversity of benthic com-
munities were affected as depth increased. However, it is not
possible to make a comparison because there is no significant
difference.

CONCLUSION

The present study shows the current status of the soft substra-
tum polychaetes along the Sinop Peninsula and provides new
records for the Black Sea and the Turkish Black Sea coast.
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ABSTRACT

Objective: Ovarian cancer (OC) is the deadliest gynecologic malignancy and has a poor survival rate due to late diagnosis
and chemoresistance development. In the standard treatment of OC, platinum-based chemotherapeutics are used. However,
following several rounds of chemotherapy, these drugs’ efficacy eventually becomes limited due to the development of
chemoresistance in most patients who previously responded to this treatment. Therefore, overcoming chemoresistance in
the treatment of OC is of high importance. In this study, we investigated the effect of combinatorial inhibition of poly(ADP-
ribose) polymerase (PARP) and proteasome by olaparib and bortezomib on chemosensitive and chemoresistant OC cell lines.

Materials and Methods: We used sulphorhodamine B assay to screen cell viability following drug treatments alone or in
combination, and used the cytotoxicity data to model the effect of drugs on cell death in R programming environment. In
addition to olaparib and bortezomib, we performed cytotoxicity screenings where we applied cisplatin to OC cells. We also
carried out flow cytometry analysis to quantify apoptotic cells following treatments.

Results: We showed that combination treatment was more effective on chemosensitive OC cell lines when cisplatin was
not used. In the presence of cisplatin, olaparib and bortezomib combination treatment resulted in higher cytotoxicity in
chemoresistant OC lines compared to chemosensitive OC cell lines. Combinatorial inhibition of PARP and proteasome led to
a higher number of apoptotic cells in OV2008 chemosensitive cell line compared to drugs alone.

Conclusion: Our data shows that olaparib and bortezomib combination treatment might show promise in vivo in the
treatment of OC. Also, the efficacy of this combination treatment might be dependent on OC cells’ chemosensitivity profiles.

Keywords: Ovarian cancer, olaparib, bortezomib, chemoresistance, proteasome

INTRODUCTION

Ovarian cancer is the most lethal gynecologic malig-
nancy, with an overall 5-year survival rate of less than
25% and with approximately 30,000 new cases and
over 18,000 deaths worldwide each year (1). Cisplatin is
used for the standard treatment of ovarian cancer as a
first-line chemotherapeutic agent, but its efficacy in the
clinic is limited due to resistance development (2). Most
patients, initially responding to cisplatin treatment, are
ultimately diagnosed with a relapse of chemoresistant
disease within two years, leading to therapeutic failure

(3,4). Olaparib, a poly (ADP-ribose) polymerase (PARP) in-
hibitor (PARPi), is approved as a maintenance treatment
for platinum-sensitive relapsed ovarian cancer, regard-
less of its BRCA1/2 mutation status (5). PARP proteins
have the ability to catalyze the transfer of ADP-ribose
to its target proteins and have crucial functions in many
cellular processes including transcription, replication,
recombination, modulation of chromatin structure and,
most importantly in this case, DNA repair and DNA dam-
age response (6). However, PARP inhibition with olaparib
treatment might result in PARPi resistance and possible
mechanisms are currently being investigated (7).
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Bortezomib, a first-in-class proteasome inhibitor, is used for the
treatment of adults with multiple myeloma (MM) or mantle cell
lymphoma. However, its administration does not show signif-
icant therapeutic efficacy in solid tumors, including ovarian
cancer (8). Inhibition of proteasome function with bortezomib
leads to an accumulation of damaged proteins, resulting in the
activation of caspase cascade and ultimately cell death (9). Al-
though it is not effective in ovarian cancer as a single agent,
the combination of bortezomib with olaparib may result in an
increased cytotoxicity as well as a decrease of PARPi resistance.
To our knowledge, to date, no previous study has reported the
effect of combinatorial inhibition of proteasome and PARP with
the combination of bortezomib and olaparib on ovarian cancer
cell viability in vitro.

In the current study, we investigated the effect of bortezomib
and olaparib combination treatment on chemoresistant and
chemosensitive ovarian cancer cell lines in the presence or ab-
sence of cisplatin. We modeled the cell viability responses of
four different ovarian cancer cell lines (namely, OV2008, C13,
A2780 and A2780-AD) following PARP and proteasome inhi-
bition in combination using olaparib and bortezomib, respec-
tively and analyzed each drugs’ contribution to drug combina-
tion effect on cell viability. This is the first study analyzing the
combined effect of these two antineoplastic agents in ovarian
cancer in vitro, considering their chemosensitivity profiles. We
believe that the preliminary data presented in the current in
vitro study will guide further research to study this particular
drug combination in more advanced experimental models of
ovarian cancer including in vivo animal models. We also provid-
ed our experimental data as tables to contribute to open cancer
research data to make it possible for other cancer researchers to
completely reproduce the analysis we performed.

MATERIALS AND METHODS

Cell Culture and Reagents

Human ovarian cancer cell lines (OV2008, C13, A2780 and
A2780-AD) were generously provided by Dr. Shelly B. Hooks,
University of Georgia. These cells were maintained in RPMI-
1640 medium (Sigma-Aldrich) supplemented with 10% fetal
bovine serum, 5 mM L-glutamine and 5 mM pen/strep, in hu-
midified 5% CO, incubator at 37°C. Chemoresistant cell lines
C13 and A2780-AD were continuously grown with 3 uM cis-
platin. The cell lines have the following characteristics: OV2008
(66y, serous histotype, sequence variation: heterozygous for
PIK3CA p.Glu545Lys (c.1633G>A)) (10), A2780 (age unspecified,
endometrioid histotype, sequence variations: ATM p.Pro604S-
er (c.1810C>T), PTEN p.Lys128_Arg130del (c.383_391del9))
(11,12). All cell lines used in the present study are epithelial
ovarian cancer cell lines (serous and endometrioid subtypes).

Chemotherapeutic Agents

Cisplatin was purchased from Kocak Pharma (Istanbul, Turkey).
Bortezomib was purchased from LC Laboratories (Woburn, MA,
USA). Olaparib was purchased from Sigma-Aldrich (St. Louis,
MO, USA). Bortezomib and olaparib were dissolved in dimethyl

sulfoxide (DMSO, ultra-pure grade, Amresco, VWR) and DMSO
controls were included in the assays. The bortezomib stock solu-
tion was kept at -20°C and the olaparib stock solution was kept
at 4°C. Cisplatin was diluted in phosphate-buffered saline (PBS)
and was kept at room temperature (RT) in the dark. Extensive
free-thaw cycles were avoided in the storage of drugs. Olapar-
ib concentrations used on ovarian cancer cell lines were in the
0-20 pM range, and bortezomib concentrations used were in
0-20 nM range. Only one concentration of cisplatin was used (10
MM) in triple combination treatments in the present study. The
drug concentrations used in combination treatments were de-
termined based on minimum effective drug concentrations on
cell viability (i.e. 10 uM for olaparib and 10 nM for bortezomib).

Cell Viability Assay

The viability of cells after drug treatment were determined by
sulphorhodamine B (SRB) colorimetric assay as previously de-
scribed (13,14). Briefly, cells were seeded in 96-well flat-bottom
plates in 200 pl media as 10,000 cells per well and allowed to
adhere overnight. The cells were incubated with bortezomib
and/or olaparib for 24 h and then, cisplatin was added, and the
cells were further incubated for an additional 48 h. Following
the fixation of cells to bottom of the plate with TCA (trichloro-
acetic acid) solution, 200 pl SRB dye solution in 1% acetic acid
was added to each well and the plates were incubated for 30
minutes using an orbital shaker. Then, washing steps were
performed with 1% acetic acid four times and the plates were
left to dry at a 50°C incubator. At the final step of SRB assay,
following solubilization of dye with Tris-base solution, spectro-
photometric reading (Multiskan Go, Thermo Scientific) was per-
formed to measure absorbances at 492 nm. Sulphorhodamine
B dye was purchased from Sigma-Aldrich (St. Louis, MO, USA).
All experiments were repeated at least three times (with n=3 in
each experiment).

Flow Cytometry

PE Annexin V Apoptosis Detection Kit was used to determine
the effects of bortezomib and olaparib on apoptosis and necro-
sis in chemosensitive and chemoresistant ovarian cancer cells.
The cells were plated in 12-well culture dishes and treated with
bortezomib and olaparib considering the dose and time points
determined in the previous cytotoxicity analyses. Following
the drug incubation period, the assay was followed according
to the manufacturer’s instructions. Briefly, cells were harvested
and washed twice with ice-cold PBS, and then resuspended in
a 1X binding buffer. 5 pl of PE Annexin V and/or 7-AAD (7-ami-
noactinomycin D) were added and incubated for 15 minutes at
room temperature. The cells were then analyzed within 1 hour
by flow cytometry (Attune Acoustic Focusing Cytometer, Ap-
plied Biosystems). Living cells were negative for Annexin V or
7-AAD, while early apoptotic cells were positive for Annexin V.
Necrotic cells were counted as positive for 7-AAD, while apop-
totic cells were positive for both Annexin V and 7-AAD.

Statistical Analysis and Data Visualization
The data visualization and analysis were performed in R statis-
tical programming language / environment (15-17). The follow-
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ing R packages were used in this study: tidyverse (a collection
of R packages) (18), readxl (19), plot3D (20), magick (21), gridEx-
tra (22), ggpubr (23) and rmarkdown (24,25). The data in this
study were derived from at least three independent biological
repeats. Im function of base R was used to fit linear models us-
ing percent cell viability values (as response) and drug concen-
trations (as terms). Model coefficients were analyzed in order to
identify the drugs’ contributions to the combinatorial effect on
cell viability. More detail can be found in the figure legends. Sta-
tistical comparisons in boxplots were performed with Student’s
t-Test using functions from ggpubr R package (23).

RESULTS

Combination of Olaparib and Bortezomib Affects Cell Via-
bility in a Cell Line-Dependent Manner

We first treated four different ovarian cancer cell lines with pre-
viously selected concentrations of olaparib and bortezomib
to see how combined PARP and proteasome inhibition affects
cancer cell viability. We used two chemosensitive and chemore-
sistant ovarian cancer cell line pairs (OV2008 - C13 and A2780 -
A2780-AD; the former being chemosensitive). By using the data
obtained following drug treatments, we modeled cell viability
(as a response) using olaparib and bortezomib concentrations
as predictors. Model coefficients were used to interpret each
drugs’ contributions to combined cytotoxic effect.

For OV2008 chemosensitive cell line, the model coefficients for
bortezomib and olaparib were -1.291658 and -1.723806, re-
spectively (Figure 1, upper row, first plot). This means that both
drugs are associated with decreased cell viability when used in
combination, although bortezomib contributes slightly to the
effect of combination treatment in this chemosensitive ovarian
cancer cell line. When we modeled the data for C13 cell line, we
saw that increased cytotoxicity in the combination treatment
is mostly due to olaparib, and bortezomib treatment results
only in a slightly lower cell viability when used in combination
with olaparib (model coefficients: -0.6809321 (bortezomib),
-1.8865199 (olaparib)) (Figure 1). Therefore, it can be stated that
combination of olaparib with bortezomib does not increase cy-
totoxicity significantly compared to olaparib alone in this che-
moresistant ovarian cancer cell line.

The model coefficients were -1.083256 and -2.895892 for borte-
zomib and olaparib in A2780 chemosensitive cell line, respec-
tively (Figure 1). These results indicate that the contribution of
olaparib to the effect of drug combination was almost 3 times
higher than that of bortezomib. Therefore, it can be pointed out
that bortezomib has a slight effect on cell viability when com-
bined with olaparib in this chemosensitive ovarian cancer cell
line. For its chemoresistant subline A2780-AD, the difference in
the cytotoxicity of the drugs was more dramatic (model coeffi-
cients: -0.5706074 (bortezomib), -3.4457898 (olaparib)) (Figure
1, upper row, last plot). This shows that bortezomib has almost
no increasing cytotoxic effect in combination treatment, and
single olaparib treatment is already highly cytotoxic itself in this
chemoresistant ovarian cancer cell line.

Percent cell viability values for treatments used in modeling are
shown in bottom row of Figure 1 with corresponding p values.
Percent cell viability values are given in Table 1 in more detail
for each drug treatment combination performed in this study
to make the analysis more reproducible by other researchers.

The Effect of Olaparib and Bortezomib Combination
Treatment on Ovarian Cancer Cell Lines in the Presence of
Cisplatin

Next, we investigated how the effect of olaparib and bortezo-
mib combination treatment on ovarian cancer cell lines chang-
es when cells were also treated with cisplatin, a DNA-damaging
agent used in the standard treatment of ovarian cancer. When
10 uM cisplatin was applied following olaparib and/or borte-
zomib treatment, we observed that the cytotoxicity of borte-
zomib or olaparib on OV2008 cell line was low since cisplatin
alone is highly cytotoxic on this chemosensitive cell line (Model
coefficients: -0.70049775 (bortezomib), -0.04669829 (olapa-
rib)) (Figure 2, upper row, first plot). Particularly, olaparib has
almost zero effect on cellular viability when combined with
cisplatin and bortezomib. When we considered its chemoresis-
tant subline C13, both drugs had very close model coefficients
(-0.9430565 (bortezomib), -0.9290382 (olaparib)), indicating
that both drugs contribute almost equally to the combination
treatment when used in combination with cisplatin (Figure 2).
Bortezomib and olaparib decreased cell viability to a higher ex-
tent when combined with cisplatin in C13 cell line when com-
pared to the chemosensitive OV2008 cell line.

Similar to the other chemosensitive cell line (OV2008), borte-
zomib and olaparib showed very slight effects on cell viability
of A2780 cell line when combined with cisplatin (Model coef-
ficients: -0.2038118 (bortezomib), -0.5011552 (olaparib)) (Fig-
ure 2). This showed that bortezomib and olaparib combination
treatment does not increase cytotoxicity caused by cisplatin
alone in this cell line. For its chemoresistant subline A2780-AD,
the drugs’ effect on cellular viability was higher (Model coeffi-
cients:-0.8512043 (bortezomib), -1.2631613 (olaparib)), indicat-
ing that combination treatment might increase cytotoxicity of
cisplatin on this cell line to a certain extent and the contribution
of olaparib to combinatorial effect was higher relative to that of
bortezomib (Figure 2).

Percent cell viability values for treatments with cisplatin, used
in modeling are shown in bottom row of Figure 2 with corre-
sponding p values. Percent cell viability values are given in Ta-
ble 1 in more detail for each drug treatment combination per-
formed in this study to make the analysis more reproducible by
other researchers.

Combination Treatment Results in Increased Cell Death in
Chemosensitive Ovarian Cancer Cell Line OV2008

Next, we performed flow cytometry analysis using Annexin V
and 7-AAD staining in chemosensitive ovarian cancer cell line
0OV2008 and its chemoresistant subline C13 following drug
treatments. We observed that bortezomib and olaparib combi-
nation treatment resulted in an increased number of apoptotic
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Table1. Mean percent cell viability values for each drug 0 30 0 “c13” 80.89
combination treatment performed in this study for all cell 0 30 0 “0OV2008” 54.44
lines. 0 40 0 “A2780" 27.64
“ClIS”  “BOR” “OLA” “Cell Line” “Mean Viability” 0 40 0 “A2780-AD” 33.78
0 0 0 “A2780" 99.99 0 40 0 “C13” 73.43
0 0 0 “A2780-AD” 99.99 0 40 0 “OV2008” 47.03
0 0 0 “C13” 99.99 1.5 0 0 “"A2780" 86.13
0 0 0 “OV2008” 99.99 1.5 0 0 “A2780-AD”" 97.94
0 0 3 “A2780" 72.92 1.5 0 0 “C13” 96.34
0 0 3 “A2780-AD” 98.33 1.5 0 0 “0OVv2008” 94.08
0 0 3 "C13” 98.09 3 0 0 “A2780" 82.6
0 0 3 “0OV2008” 99.54 3 0 0 "A2780-AD” 102.83
0 0 5 “A2780" 58.75 3 0 0 “c13” 94.285
0 0 5 "A2780-AD” 87.65 3 0 0 “0OVvV2008” 87.56
0 0 5 “C13” 91.09 5 0 0 “A2780" 67.2
0 0 5 “OV2008” 102.56 5 0 0 "A2780-AD" 85.78
0 0 10 “A2780" 51.77 5 0 0 “cC13” 96.3
0 0 10 “A2780-AD" 68.87 5 0 0 “0OVvV2008” 85.2
0 0 10 “C13” 86.36 10 0 0 "A2780" 61.81
0 0 10 “OV2008” 87.65 10 0 0 "A2780-AD” 76.76
0 0 20 “A2780" 29.04 10 0 0 “C13” 87.23
0 0 20 “A2780-AD” 23.28 10 0 0 “0OVv2008” 33.13
0 0 20 “C13” 65.43 10 0 10 "A2780" 57.57
0 0 20 “0OV2008” 64.35 10 0 10 "A2780-AD” 51.01
0 0 30 “A2780" 17.3 10 0 10 “C13” 81.63
0 0 30 "A2780-AD” 25.12 10 0 10 “0OV2008” 27.57
0 0 30 “C13” 66.31 10 0 20 “C13” 65.77
0 0 30 “0OV2008” 67.69 10 0 20 “0OVv2008” 25.32
0 0 40 “"A2780" 15.36 10 10 0 "A2780" 54.93
0 0 40 “A2780-AD" 24.54 10 10 0 "A2780-AD” 57.87
0 5 0 “A2780" 88.56 10 10 0 “C13” 93.11
0 5 0 "A2780-AD” 105.26 10 10 0 “0OV2008” 31.9
0 5 0 “C13” 106.47 10 10 10 "A2780" 52.93
0 5 0 “OVv2008” 102.74 10 10 10 “"A2780-AD” 50.99
0 10 0 “A2780" 79.45 10 10 10 “"C13” 77.88
0 10 0 "A2780-AD” 96.37 10 10 10 “0OV2008” 26.77
0 10 0 “C13” 108.14 10 10 20 “c13” 48.4
0 10 0 “0V2008” 94.83 10 10 20 “0V2008” 34.18
0 10 10 “A2780" 50.96 10 20 0 "A2780" 60.95
0 10 10 "A2780-AD" 51.93 10 20 0 “A2780-AD” 49.5
0 10 10 “C13” 86.34 10 20 0 “C13” 53.05
0 10 10 “0OVvV2008” 63.32 10 20 0 “0OV2008” 9.01
0 10 20 “A2780" 27.63 10 20 10 “"A2780" 51.8
0 10 20 "A2780-AD" 21.96 10 20 10 “A2780-AD” 47.18
0 10 20 “C13” 46.75 10 20 10 “C13” 58.95
0 10 20 “OVv2008” 49.46 10 20 10 “OVv2008” 10.27
0 20 0 "A2780" 55.18 10 20 20 “C13” 65.21
0 20 0 "A2780-AD” 81.83 10 20 20 “OV2008” 19.92
0 20 0 “c13” 82.91 20 0 0 “A2780" 51.55
0 20 0 “0OVvV2008” 71.29 20 0 0 “A2780-AD”" 77.24
0 20 10 “A2780" 49.37 20 0 0 “C13” 88.26
0 20 10 "A2780-AD” 51.32 20 0 0 “OVv2008” 24.93
0 20 10 “C13” 65.36 30 0 0 “A2780" 30.8
0 20 10 “0OVvV2008” 54.59 30 0 0 “A2780-AD” 27.81
0 20 20 “"A2780" 21.46 30 0 0 “C13” 72.67
0 20 20 "A2780-AD”" 23.47 30 0 0 “OVvV2008” 7.19
0 20 20 “C13” 54.08 40 0 0 “A2780" 19.84
0 20 20 “0OVv2008” 47.26 40 0 0 "A2780-AD" 23.66
0 30 0 “A2780" 30.37 40 0 0 “C13” 67.34
0 30 0 "A2780-AD” 38.76 40 0 0 “0OVv2008” 11.09
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Figure 3. Combination treatment results in increased cell death in chemosensitive ovarian cancer cell line OV2008.

Flow cytometry analysis with AnnexinV and 7-AAD to study the effect of combination treatment on chemosensitive and chemoresistant
ovarian cancer cell lines (OV2008 (A) and C13 (B), respectively). X-axis shows the number of 7-AAD-positive cells and y- axis shows the
number of Annexin V-positive cells. Drug treatment conditions are given at the top of each facet. Percentage of cells in each region were
given in corresponding corner. Upper right region with high Annexin V and 7-AAD values shows dead cells. BRTZ: bortezomib, OLPR /

cells in OV2008 cell line compared to drugs alone (bortezomib
only or olaparib only) (Figure 3A). However, in chemoresistant
cell line C13, we did not see any significant increase in apoptot-
ic cells relative to drugs alone. Similar to previous experiments,
the effect of cisplatin on the chemosensitive cell line OV2008
was higher compared to chemoresistant cell line C13. When we
combined cisplatin with bortezomib and olaparib, we observed
an increase in cell death in OV2008 cell line compared to bor-
tezomib and olaparib combination treatment. However, this
increased cytotoxicity in triple drug treatments might be due
to only cisplatin since we did not perform cisplatin only treat-
ments for the flow cytometry experiments. In C13 cell line, the
bortezomib and olaparib combination did not further increase
cell death relative to drugs alone. The addition of cisplatin did
not further increase apoptotic cell death compared to olaparib
and bortezomib combination treatment in this chemoresistant
cell line (Figure 3).

DISCUSSION

In the current study, we investigated the effect of combinatorial
inhibition of PARP and proteasome by olaparib and bortezomib,
on the viability of chemosensitive or chemoresistant ovarian
cancer cells. Olaparib is currently used in the clinic for a certain
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group of ovarian cancer patients including patients with re-
current platinum-sensitive disease with or without a BRCA mu-
tation (4). However, bortezomib is not approved for the treat-
ment of ovarian cancer patients (but used in some other cancer
types), though multiple studies showed its efficacy when used
in combination with other strategies in ovarian cancer (26-28).
To our knowledge, there is no report showing the effect of com-
binatorial inhibition of proteasome and PARP by bortezomib
and olaparib, respectively on ovarian cancer cell viability. Since
most ovarian cancer patients experience chemoresistance
to cisplatin following several rounds of chemotherapy, novel
treatment strategies such as in the present study are urgently
needed to be investigated and developed in order to increase
the survival of ovarian cancer patients (29).

In this study, we observed that combination treatment is
mostly effective on chemosensitive ovarian cancer cell lines
(OV2008, A2780). However, with chemoresistant cell lines
(C13, A2780-AD), the effect of bortezomib is minimal com-
pared to that of olaparib, in combination. Therefore, it can be
stated that combination of olaparib with bortezomib might
result in higher therapeutic efficacy in chemosensitive ovar-
ian cancer compared to drugs alone. Also, the addition of
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bortezomib to olaparib treatment might only lead to a slight
increase in cytotoxicity in chemoresistant ovarian cancer cells.

When the bortezomib and olaparib combination treatment is
applied with cisplatin, we see that combination treatment does
not significantly decrease cell viability in chemosensitive ovar-
ian cancer cell lines, since cisplatin treatment alone is already
highly effective itself. In OV2008 chemosensitive cell line, bor-
tezomib might decrease cell viability to a certain extent when
applied with cisplatin; however, olaparib treatment does not
contribute to cytotoxicity in this case. In A2780 chemosensitive
cell line, both bortezomib and olaparib do not significantly af-
fect the cellular viability when combined with cisplatin.

In C13 chemoresistant cell line, both bortezomib and olaparib
further decrease cell viability when combined with cisplatin.
Similarly, in the other chemoresistant cell line, A2780-AD, both
drug treatments might lead to a lower cell viability when used
together with cisplatin. Therefore, it can be pointed out that in
the presence of cisplatin, combination treatment is mostly ef-
fective on chemoresistant cell lines (C13, A2780-AD) when com-
pared to drugs alone.

In flow cytometry data, we observed that bortezomib and
olaparib combination treatment leads to increased apoptotic
cell death relative to drugs alone in OV2008 chemosensitive cell
line.We also saw that the combination of bortezomib and olapa-
rib with cisplatin resulted in increased cell death compared to
bortezomib and olaparib combination treatment in this cell line.
Considering previous data, this should be mostly due to cispla-
tin which is already highly effective on chemosensitive ovarian
cancer cell lines. Therefore, it can be stated that olaparib and
bortezomib combination treatment does not further increase
cytotoxicity compared to cisplatin alone in OV2008 chemosen-
sitive cell line; however, olaparib and bortezomib combination
increases cell death compared to single agent treatments. This
result points to the fact that patients who respond to olaparib
treatment but not to cisplatin might benefit from bortezomib
+ olaparib combination compared to olaparib only treatment.
However, for patients who respond to cisplatin treatment, bor-
tezomib + olaparib treatment might not be a preferable clinical
option. A more concrete inference based on this data requires
in vivo experiments performed in mouse models. Considering
the cellular and inter-patient heterogeneity in ovarian cancer
(most generally in cancer), personalized treatment alternatives
should be developed for patients with various chemosensitivity
profiles, since chemosensitivity characteristics of cancer cells
also influence their response to treatment as also shown in the
present study (30-33). In C13 cell line, we saw that combination
treatment did not result in increased cell death compared to
drugs alone and this is in line with previous experiments. In pre-
vious experiments, we saw that in the presence of cisplatin, the
effect of bortezomib and olaparib combination treatment was
higher in C13 cell line compared to OV2008 cell line; but, in flow
cytometry, we saw that cisplatin addition did not increase cell
death compared to bortezomib and olaparib treatment.

CONCLUSION

In conclusion, our data shows that combination treatment is
particularly effective on chemosensitive ovarian cancer cell
lines in the absence of cisplatin. However, when combined
with cisplatin, olaparib and bortezomib combination treatment
shows its effect especially on chemoresistant ovarian cancer
cell lines. As a result, combinatorial inhibition of PARP and pro-
teasome by olaparib and bortezomib can be tested in vivo on
chemoresistant ovarian cancer which are also treated with cis-
platin to overcome cisplatin resistance in these ovarian cancer
cell lines. Since the data provided in the current study were ob-
tained using in vitro cell line models, in vivo studies performed
on animal models should be required in the future to make
stronger inferences about the effect of combinatorial treatment
with bortezomib and olaparib on ovarian cancer.
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ABSTRACT

Objective: This study was designed for investigating the effectiveness of the Nigella sativa (N. sativa) extract on apoptosis in
cerebrum and hippocampus and also plasma oxidative stress, in pentylenetetrazol (PTZ)-induced kindling rats.

Materials and Methods: The kindling model was induced by subconvulsive doses (35 mg/kg i.p.) of intraperitoneal PTZ
injections in N. sativa treated and non-treated PTZ groups (PTZ and PTZ + NS). The PTZ + NS group were also treated with an
extract of N. sativa (10 mg/kg) 2 h before each PTZ injection. The total oxidant and antioxidant status, oxidative stress index,
paraoxonase, arylesterase, catalase (CAT) and total thiol levels were analyzed in plasma. Brain derived neurotrophic factor
(BDNF), cyclin-B1 and B-cell lymphoma 2 (Bcl-2) expressions were investigated in the cerebrum and hippocampus.

Results: PTZ decreased the oxidative stress by increasing the activities of CAT, arylesterase, and paraoxonase. N. sativa
decreased activities of arylesterase, paraoxonase, while increasing the CAT. It also brought the decreased BDNF and Bcl-2
expression levels to their normal levels in the cerebrum but not in the hippocampus.

Conclusion: N. sativa treatment improved the PTZ induced-impairments in BDNF and Bcl-2 expressions, resulting in a
neuronal apoptosis in the cerebrum, without affecting blood oxidative stress.

Keywords: Apoptosis, epilepsy, cerebrum, hippocampus, N. sativa, oxidative stress

INTRODUCTION have been investigated by researchers. Plant-origin ther-
apies are especially popular nowadays due to their mini-

Epilepsy is a neurological disease which affects millions mal side effects. Among them, Nigella sativa (N. sativa) is

of people with different ages worldwide (1). In recent
years, many third-generation anti-epileptic drugs have
been introduced. However, anti-epileptic drugs have

regarded as a kind of miracle herb since many scientists
have revealed its vast spectrum of pharmacological po-

some side effects including nausea, dizziness, and som-
nolence (2). Due to the fact that anti-epileptic drugs
have some side effects and fail to control seizures in
some patients, new therapies with lesser side effects

tentials (3). In particular, studies on antiepileptic effects
of N. sativa or one of its active constituents, thymoqui-
none, are popular. In many previous studies, the potent
anti-epileptic role of N. sativa was investigated (4,5).
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Kindling is one of the most studied and well-understood chron-
ic animal models of epilepsy, generated either by a chemical
or an electrical stimulus which is applied in subconvulsive dos-
es repetitively and finally causes the generation of a chronic
epilepsy model. Regular administration of pentylenetetrazol
(PTZ) in subconvulsive doses triggers convulsions by causing
decreased inhibitory or increased excitatory effects, which is
called PTZ kindling (6).

Oxidative stress can trigger remarkable damage in the nervous
system. Production of reactive oxygen species (ROS) in particular
may cause multiple neuronal injuries that include lipid destruc-
tion of the cellular membrane, the cleavage of DNA, cell mem-
brane lipid peroxidation and protein oxidation. In addition to
the destruction of cellular integrity, ROS may also interrupt mito-
chondrial respiration (7). The endogenous antioxidant enzymes,
such as catalase (CAT), arylesterase, paraoxonase and thiol are
vital for compensating oxidative stress (8-10). Their amounts in
serum or tissue are important for elucidating the oxidant-antiox-
idant balance. It has been shown that N. sativa, which contains
many antioxidant compounds such as thymoquinone, has a neu-
roprotective effect on the brain by reducing oxidative stress (11).

Brain derived neurotrophic factor (BDNF) is one of the most im-
portant growth factors in the central nervous system (CNS). It has
a few different biologically active isoforms, which also interact
with different receptor types (12). It is vital for the development
of the CNS and for brain plasticity (13). Due to the fact that BDNF
plays a crucial role in CNS, it has close relationships with any dis-
ease that affects the brain, such as epilepsy. The B-cell ymphoma
2 (Bcl-2) protein family has vital roles in cells, especially in the pro-
cess of apoptosis. Bcl-2 itself is an anti-apoptotic protein from the
Bcl-2 family and its amount is directly proportional to the vitality
of the cell. Increment levels in the Bcl-2 protein lead to the sur-
vival of the cell via inhibiting apoptosis. Additionally, cyclins and
cyclin-dependent kinases, CDKs, are the basic regulators for the
cell cycle and their amount regulates cell-cycle events, such as
neurogenesis, progression of cell to apoptosis and maintaining
the health of CNS and are also shown to take part in many patho-
physiological process in CNS including epilepsy (14).

Therefore, this study was planned for investigating the effects
of N. sativa extract on plasma oxidative stress, and some apop-
totic and cell-cycle protein markers in cerebrum and hippocam-
pus in PTZ-induced kindling rats.

MATERIALS AND METHODS

Chemicals

A physiological saline solution was used to dissolve the PTZ (Sig-
ma-Aldrich Co., St. Louis, MO, USA). PTZ was injected intraper-
itoneally (i.p). N. sativa seeds were obtained from a local herbal
market. The seeds were ground by a classical grinder (MC 23200,
Siemens-Elektrogerdte GmbH, Hamburg, Germany), and its meth-
anolic extract was papered as described previously (15). Four ml
sterile physiological saline solution was used to dissolve 10 mg of
lyophilized extract to have a stock solution which then was ad-
ministered to animals by gastric gavage in adequate volumes.

Animals and Experimental Design

Twenty one male adult Wistar albino rats (230-300 g) were used
in our study. The rats were obtained from Bezmialem Vakif Uni-
versity’s Experimental Animal Centre and housed under standard
temperature (25+1°C), humidity (50-60%), dark-light conditions
(12 h light/12 h dark cycle) and fed ad libitum. Ethical approval
was obtained from the Bezmialem Vakif University Laboratory
Animals Ethics Committee. The rats were divided into 3 groups:
a control group (C, n=7); PTZ treated (PTZ, n=7) and PTZ + N.
sativa treated (PTZ + NS, n=7). PTZ-kindling model was achieved
for the PTZ and PTZ + NS groups by multiple PTZ injections in a
subconvulsive dose of 35 mg/kg on days 1, 3,5, 8,10, 12, 15, 17,
19, 22 and 24 of the study. Ten mg/kg methanolic extract of N.
sativa was administered to the rats in the PTZ + NS group by oral
gavage, just 2 hours before PTZ injection. The control group was
only treated with 4 ml/kg saline. Seizures were observed after
30 minutes following PTZ administration. After establishment of
the kindling model, convulsive doses of PTZ (75 mg/kg) were in-
jected to the PTZ and PTZ + NS groups to induce tonic and clonic
seizures on the 26" day of the study. The control group was not
injected with PTZ. For the PTZ + NS group, convulsive doses of
PTZ were injected 2 hours after N. sativa extract (10 mg/kg) ad-
ministration. For describing the characteristics of the behavioral
seizure, a modified scale was used (data not shown) (16). Upon
the completion of the experiment, the rats were anesthetized
(15 mg/kg xylazine and 50 mg/kg ketamine), decapitated, and
the hippocampi and cerebrum were dissected for Western blot
and biochemical analysis. The samples were stored at -80°C.

Blood Sampling

The blood was drawn by cardiac puncture into heparinized tubes,
and stored at +4 °C. The blood samples were centrifuged at 3.500 x
g for 5 minutes. The plasma samples were stored at -80°C until the
analysis of paraoxonase, arylesterase and CAT activities, and total
thiol, total oxidant and antioxidant status (TOS and TAS) levels.

Analysis of Oxidant Markers

Total Oxidant and Antioxidant Status

The TOS and TAS levels were measured by commercial kits using
spectrophotometric methods according to manufacturer in-
struction (Rel Assay Diagnostics, Gaziantep, Turkey). A 1420 Victor
3 Multilabel Plate Reader was used for the spectrophotometric
analysis (PerkinElmer, Waltham, MA, USA). The test results of TOS
were demonstrated in terms of um H,0, Equiv/L, and the test re-
sults of TAS were demonstrated in terms of pum Trolox Equiv/L.

Calculation of Oxidative Stress Index (OSI)

Following the measurement of TOS and TAS values, the results
were calculated according to the formula below and demon-
strated as an arbitrary unit.

TOS (umol. H,0,. Equivalent/L)

TAS (umol.Trolox. Equivalent /L) x 100

Oxidative Stress Index (0SI) =

Paraoxonase and Arylesterase Activities
The activities of paraoxonase and arylesterase were assayed
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by a commercial kit (Rel Assay Diagnostics, Gaziantep, Turkey).
Two different substrates were used for the paraoxonase-1 ac-
tivity. Owing to the formation of p-nitrophenol, the paraoxon
hydrolysis rate was calculated by recording the increment in ab-
sorbance at 412 nm, 25°C. Paraoxonase-1 activity was defined
as 1 mmol p-nitrophenol generated per minute under standard
conditions and demonstrated as U/L (17). Arylesterase activity
was demonstrated in terms of kU/L and it was identified as 1
mmol of phenol generated per minute under standard reaction
conditions. No enzyme was added to blanks and they were used
to correct the spontaneous hydrolysis of both substrates (18).

Catalase Activity

A gasometric procedure, which measures the amount of oxy-
gen produced by the decomposition of H,0, was performed for
assessing CAT activity. The activity of CAT was established by
the decrease in H,0, absorbance at 240 nm. A multiplate reader
was used for assessment (Varioskan Flash Multimode Reader;
Thermo Fisher Scientific, Waltham, MA).

Total Thiol Measurement

Natural thiol and total thiol, as well as disulfide levels, were mea-
sured with a new automated method (19). The new method is
based on the reduction of disulfide bonds to thiol groups and
sulfhydryl groups of proteins, converting them to the revers-
ible disulfide form under oxidative conditions. The final diag-
nosis was approved by histopathological testing. The findings
of the appendectomy sample histopathology were classified as
non-perforated or perforated appendicitis.

Western Blotting Assay
The hippocampus and cerebrum regions of the brains were surgi-
cally removed and homogenized in a lysis buffer containing pro-

-

TAS (mmol Trolox Equiv./L)
P

(o] PTZ PTZ+NS

0S8l (Arbitrary Unit)

Cc PTZ

PTZ+NS

tease inhibitor cocktails (MP FastPrep-24, MP Biomedicals, Irvine,
CA USA).Then the homogenates were centrifuged at 14.000 x rpm
(Beckman Coulter, Krefeld, Germany) at 4°C for 10 minutes and
the cytosolic fraction was separated as the final supernatant. The
Bradford assay was used to assess protein concentrations in the
supernatants. A 5x loading buffer was added to the above-men-
tioned supernatant and boiled at 100°C for 15 minutes (19). Pro-
tein content was then separated on 8-12% sodium SDS-PAGE,
transferred to a membrane made of PVDF, and then incubated
with both primary and secondary antibodies conjugated with
horseradish peroxidase (Cell Signaling Technology, Denvers, MA,
USA). Separated protein bands were made visible by Pierce ECL
Western blotting substrate (Thermo Fisher Scientific, Waltham,
MA, USA) on secondary antibodies for BDNF, cyclin-B1, Bcl-2 and
B-tubulin (Santa Cruz, Biotechnology, Dallas, TE, USA).

Statistical Analysis

All data were analyzed statistically using GraphPad Prism 6.0
(GraphPad Prism Software, San Diego, CA, USA), and demon-
strated as mean = standard error of mean (mean + SEM). One-
Way ANOVA and Student’s t-test were used to analyze results in
order to compare groups. The p<0.05 value was considered to
be statistically significant.

RESULTS

Oxidant Markers

The plasma TAS, TOS and OSI levels of the study groups are
shown in Figure 1. The plasma TOS levels of PTZ and PTZ + NS
groups were significantly lower (p<0.01) than controls (Figure
1B). Although the plasma OSI level was significantly (p<0.05)
lower in PTZ group, it was not statistically different (p>0.05) in
PTZ + NS group compared to controls (Figure 1C).

B

154

10

TOS (umol H,0, Equiv./L)

PTZ PTZ+NS

Figure 1. The plasma TAS (A), TOS (B) and OSI (C) levels of the study groups (n=7). Data is presented as mean =+ standard error of mean.
TOS; Total Oxidant Status, TAS; Total Antioxidant Status, OSI; Oxidative Stress Index. *; p<0.05, **; p<0.01.
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Figure 2. The plasma arylesterase (A), paraoxonase (B), total thiol (C) and CAT (D) levels of groups (n=7). Data is presented as mean +
standard error of mean. CAT; Catalase. *; p<0.05, **; p<0.01, ***; p<0.001.

Antioxidant Markers

The plasma arylesterase, paraoxonase and CAT activities, and
total thiol levels of groups are shown in Figure 2. The plasma
arylesterase activity significantly (p<0.01) increased in the PTZ
group compared to the C group. But it decreased (p<0.05) in
PTZ + NS group compared to PTZ group, there was no signif-
icant difference (p>0.05) between the C and PTZ + NS groups
(Figure 2A). Similar results were also obtained regarding plas-
ma paraoxonase activity. It significantly (p<0.001) increased in
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PTZ group compared to the C group. But it decreased (p<0.01)
in the PTZ + NS group compared to PTZ group, there was no
significant difference (p>0.05) between the C and PTZ + NS
groups (Figure 2B). Although the plasma total thiol level tended
to increase in the PTZ and PTZ + NS groups compared to the
controls, it was not different (p>0.05) among the groups (Figure
2C). However, the plasma CAT activity significantly (p<0.001)
increased in both PTZ and PTZ + NS groups compared to the
controls (Figure 2D).
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Figure 3.The Western blotting assay results of BDNF (A), Cyclin-B1 (B), Bcl-2 (C) and the image of related bands (D) in cerebrums of groups (n=7).
Data is presented as mean + standard error of mean. BDNF; Brain derived neurotrophic factor, Bcl-2; B-cell lymphoma 2. *; p<0.05, **; p<0.01.
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Figure 4. The Western blotting assay results of BDNF (A), Cyclin-B1 (B), Bcl-2 (C) and the image of related bands (D) in hippocampus of
groups (n=7). Data is presented as mean + standard error of mean. BDNF; Brain derived neurotrophic factor, Bcl-2; B-cell ymphoma 2.

Western Blotting Assay

Western blotting assay results of cerebrum are shown in Figure
3. The protein expression levels of BDNF (Figure 3A) and Bcl-2
(Figure 3C) significantly (p<0.01 and p<0.05, respectively) de-
creased in the PTZ group compared to the controls. However,
there was no significant (p>0.05) difference between C and PTZ
+ NS groups in terms of BDNF or Bcl-2 protein expression levels.
In addition, the level of cyclin-B1 protein expression was not dif-
ferent (p>0.05) among the groups (Figure 3B).

Western blotting assay results of hippocampus are shown in
Figure 4. There was no statistical (p>0.05) difference among
groups regarding BDNF, cyclin-B1 or Bcl-2 protein expression
levels.

DISCUSSION

This study is a part of our previously published study (20) and
was designed for investigating the effects of N. sativa extract
on some plasma oxidant and antioxidant markers in PTZ-in-
duced kindling rats. It was found that the PTZ treatment de-
creased the plasma oxidative stress by increasing the activities
of arylesterase, paraoxonase and CAT. It is well known that ox-
idative stress has a crucial role in the pathogenesis of epilepsy
(21). Some studies indicated that oxidative stress increased in
PTZ-induced epilepsy (22,23). However, our findings contrast
with the findings of previous studies in the literature. This might
be due to high plasma antioxidant arylesterase, paraoxonase
and CAT activities that reduced the oxidative stress in the PTZ
group. Exogenous antioxidant N. sativa treatment, on the other
hand, decreased the activities of endogenous antioxidant en-
zymes arylesterase and paraoxonase. To maintain homeostasis,
when animal or human cells are subjected to mild biological
stress, they activate cellular and physiological processes (24).

Increased production of endogenous antioxidant enzymes in
response to mild biological stress protects the organism from
intense oxidative stress produced by heavy metals, toxic sub-
stances or pro-oxidant compounds (25). Low doses of various
stress producing agents may disturb the physiological parame-
ters of an organism but may not induce severe damage. It may
improve the ability of an organism to resist severe stresses by
inducing adaptive responses, and has actually a beneficial ef-
fect, which is called hormesis (26). Hormetic response is formed
when cells or organisms are exposed to mild biological stress,
such as caloric restriction, exercise, environmental toxins and
inorganic compounds (27). The dose of PTZ used in this experi-
ment for 11 treatments was subconvulsive (35 mg/kg), and only
the final (12 treatment) was convulsive (75 mg/kg). Therefore,
it might be said that the subconvulsive dose of PTZ produced a
hormetic response that increased the antioxidants arylesterase,
paraoxonase and CAT activities leading to a reduction in the ox-
idative stress in PTZ group compared to the controls.

Theoretically, intake of exogenous antioxidants should sup-
port the endogenous defence system by decreasing oxidative
damage. However, in our study, exogenous antioxidant N. sati-
va treatment decreased the elevated-activities of endogenous
antioxidants arylesterase and paraoxonase, with no net change
in OSI level. The endogenous antioxidants are produced in the
body, and many of them are encoded by the nuclear factor
erythroid 2-related factor 2 (Nrf2) - keap1 (kelch-like ECH-asso-
ciated protein 1) pathway (28,29). It has been commonly sug-
gested that thymoquinone, an active biological form of N. sa-
tiva, serves antioxidant activity and reduces lipid peroxidation
by increasing the production of antioxidant enzymes and the
expression of Nrf2 in many tissues (30,31). Hamdan, Al-Gayyar
(32) suggested that the exposure of rats’ brain tissues to TQ
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ameliorated the sodium nitrite-induced oxidative stress, and in-
creased the lowered Nrf2 expression and antioxidant enzymes.
However, in our experiment, PTZ treatment did not induce ox-
idative stress or decrease in the antioxidant enzyme activities.
Conversely, it lowered the oxidative stress by increasing the
antioxidant enzyme activities. Subsequently, the N. sativa treat-
ment decreased the elevated-activities of endogenous antiox-
idants arylesterase and paraoxonase in PTZ-treated rats. From
the results of our present, and also previous studies it might be
said that N. sativa had dual effects on antioxidant enzyme ac-
tivities (20). It increases the antioxidant enzyme activity when
their activities are low but it decreases the antioxidant enzyme
activity when their activities are high. Similar to our finding, it
has been reported that exogenous antioxidants may downreg-
ulate the endogenous protection, thus causing no net change
in antioxidant defences (33).

In this study, the exogenous antioxidant N. sativa treatment in-
creased the CAT level further. CAT is a ubiquitous antioxidant
enzyme that is present in nearly all living organismes. It is active
in the detoxification of H,0, in human erythrocytes (34). In-
creased CAT activity by N. sativa treatment may be an attempt
by the body to compensate for the low antioxidant (arylester-
ase and paraoxonase) effect, or may be a direct effect of N. sa-
tiva treatment. There are studies indicating that N. sativa treat-
ment increased CAT activity (35,36).

The second aim of this study was to examine the effects of N. sa-
tiva extract on the expression levels of some apoptotic proteins
in both cerebrum and hippocampus in PTZ-induced kindling
rats. In the cerebrum, the protein expression levels of Bcl-2 and
BDNF decreased but cyclin-B1 level did not change in the PTZ
group compared to the controls. N. sativa extract treatment
brought the levels of Bcl-2 and BDNF to normal. BDNF is a small
dimeric protein that is responsible for the growth of neurons.
Its most common site is the hippocampus and the cerebral cor-
tex. It has a protective effect on neurons and is associated with
neuroplasticity (37). Decreased BDNF levels correlate with many
neurodegenerative diseases that exhibit neuronal loss (38). A
number of studies have shown that both BDNF and its specif-
ic receptor tropomyosin receptor kinase B (TrkB) expression
increases in epilepsy models (39-43). Current studies suggest
that serum BDNF is constantly higher in patients with epilep-
sy and appears to be associated with the pathology of the dis-
ease. Hong et al. indicated that the concentration of the serum
BDNF is proportional with the severity of the disease (44). It has
been reported that BDNF levels significantly decreased during
the interictal period of epilepsy in patients with cerebral au-
toregulation and autonomic function impairment. Severe and
long-term epilepsy may disrupt BDNF signalling, thus causing
impaired cerebral autoregulation and autonomic dysfunction
in patients with epilepsy. It has been demonstrated that acute
administration of BDNF, both in vivo and in vitro, induces the
neuronal excitability and facilitates epileptogenesis (45).

Bcl-2 is a cell survival protein whose main role is to inhibit apop-
tosis by preventing the cytochrome c release and the activation

of caspases (46). The levels, and also interactions of Bcl-2 with
other pro-apoptotic proteins are critical for the vitality of a neu-
ron. Under certain cellular stress, Bcl-2/pro-apoptotic protein
ratio decreases, leading to apoptosis (47). PTZ is a neurotoxic
agent that causes neuronal stress and provokes kindling. Sim-
ilarly, Shi et al. indicated that PTZ treatment decreased the ex-
pression of the Bcl-2 protein (22). The decreased expressions of
Bcl-2 and BDNF in the cerebrum of PTZ-treated rats indicated
an increased apoptosis. The N. sativa treatment reversed the
decreased-expression of Bcl-2 and BDNF to normal levels, indi-
cating the prevention of tissue from apoptosis. Hosseini et al.
demonstrated that thymoquinone, an active compound of N.
sativa, may decrease Bax/Bcl-2 ratio, thus reducing the severity
of apoptosis under stress conditions, such as ethanol toxicity
(48). Ullah et al. demonstrated that PTZ treatment decreased
the expression of Bcl-2 and pre-treatment with thymoquinone
reversed that decrement by upregulating Bcl-2 and also down-
regulating pro-apoptotic Bax (49).

Cyclin-B1 is among the most important core cell-cycle regula-
tors. There is a link between the cell-cycle and neuronal death.
Neuronal cell death that was accompanied by cyclin-B1 expres-
sion was reported in the hippocampal field of PTZ-kindled rats
(50). Although BDNF and Bcl-2 expressions in the cerebrum
were affected as indicated before, cyclin-B1 expression was not
affected by PTZ-treatment in our study.

We obtained different results in hippocampus than those in the
cerebrum, regarding expressions of Bcl-2 and BDNF proteins in
PTZ-treated rats. Although their expression levels were not dif-
ferent in groups of hippocampus tissues, they decreased in ce-
rebrum tissues of PTZ-treated rats. This indicated that apoptosis
occurred in the cerebrum but did not occur in the hippocampus
of PTZ-treated rats. These results are similar to the results of our
previous study, which demonstrated that PTZ treatment caused
a neuronal loss due to apoptosis in the cerebral cortex, but not
in the hippocampus (20). From the results of both studies, it
might be said that apoptotic neuron numbers of the cerebrum
increases in PTZ-kindling epileptic rats due to the decreased ex-
pression of Bcl-2 and BDNF proteins. The N. sativa brought the
decreased-expression levels of Bcl-2 and BDNF back to normal.

CONCLUSION

It was concluded that the N. sativa treatment improved the
PTZ-induced impairments in BDNF and Bcl-2 expressions that
reflect a neuronal apoptosis in the cerebrum, without affecting
blood oxidative stress.
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ABSTRACT

Objective: This study reveals the relationship between Lepidium campestre, L. spinosum, L. sativum ssp. sativum, L. sativum
ssp. spinescens, L. ruderale, L. virginicum, L. perfoliatum, L. vesicarium, L. caespitosum, L. pumilum, L. cartilagineum, L. latifolium, L.
lyratum, L. graminifolium, to determine the effectiveness of the characters used in taxonomic classification, and to help solve
taxonomical problems of this large genus at the specific and intraspecific levels by comparing the numerical results with
classical taxonomic classification.

Materials and Methods: This numerical taxonomic study is based on morphological data that come from a wide range of
herbarium material and material collected in the wild. For the analyses, 14 taxa were studied. A range of characteristics of
sepal, petal, stamen, silicle, pedicel, septum, stigma, and sinus that are considered to be taxonomically important in the genus
were investigated. Morphological data, 90 character states, which belong to 55 characters scored as the binary state for each
taxon were used in unweighted pair-group method using arithmetic averages and principle components analyses.

Results: L. caespitosum, L. pumilum and L. cartilagineum are recognised at species rank, not subspecies or varieties. L. sativum
ssp. sativum and L. sativum ssp. spinescens should be evaluated as two subspecies not synonyms of Lepidium sativum. The
most effective characters for the delimitation of the studied taxa are seed length, the habitus of plant, sepal length, septum
length, seed wings, the presence of swelling leaf residues on the base of the plant, pedicel length.

Conclusion: Numerical analysis studies based on morphological data on Lepidium taxa growing in Turkey are a useful tool for
solving the taxonomic problems of taxa belonging to the genus Lepidium.

Keywords: Brassicaceae, Lepidium, Numerical Taxonomy, PCA, UPGMA

INTRODUCTION subtribal classification revised mainly based on fruit
characters and seed morphology (6). Brassicaceae is

The Brassicaceae is one of the largest families that has represented by 555 species and 91 genera in the Flora

major scientific and economic importance (1,2). There
are 3660 species and 321 genera in 49 tribes in the fam-
ily (3). The classification of the Brassicaceae is problem-
atic because the characters traditionally used are vari-
able, even within genera, and may not support natural
groups (4).

The first comprehensive taxonomic approach of the
Brassicaceae is based on two characteristics: the
position of the radicle with cotyledons in the seed
and fruit type (5). After almost a century, tribal and

of Turkey (6-9). Generic delimitation has been changed
according to molecular phylogenetic studies focused
on Brassicaceae in the last two decades (10-12). Recent
studies show that Turkey is a centre of diversity with
660 taxa belonging to 91 genera, including 571 species,
65 subspecies, and 24 varieties (13).

The genus Lepidium L. is primarily distributed in
temperate and subtropical regions (14). The genus
includes 250 species and one of the largest genera
in the Brassicaceae (3). Cardaria Desv. was defined as
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a section of Lepidium (15), later it was accepted as a separate
genus (7,14,16). In light of molecular research not only
Cardaria but also Coronopus, Stroganowia, Winklera Regel, and
Stubendorffia Schrenk ex Fisch., C.A. Mey. & Avé-Lall. have been
classified within Lepidium sensu lato (10,12,17-20).

Cardaria, Coronopus, and Stroganowia are represented by five
species in Turkey: L. coronopus (L.) Al-Shehbaz and L. didymium
L. (formerly Coronopus), L. draba L. and L. chalepense L. (formerly
Cardaria), Stroganowia leventii V.l. Dorofeev (3,21-23)

Lepidium sensu stricto (excluding Cardaria, Coronopus, and
Strogonovia) includes 13 species and 2 subspecies in Turkey (7,8,24).

Numerical taxonomy is a grouping method that groups to a
taxonomic unit based on their character states using statistical
methods (25). In this study, the morphological features of
Lepidium s.str. taxa distributed in Turkey were examined and

versity, Department of Pharmaceutical Botany Herbarium (ISTE)
and compared with the collections of ANK, E, GAZI, HUB, ISTF,
ISTE, K, and VAN herbaria.

A range of characteristics of sepal, petal, stamen, silicle, pedi-
cel, septum, stigma, and sinus that are considered to be taxo-
nomically important in the genus were investigated. For these
investigations, all parts of the specimens were photographed
using MOTIC 2000 camera stereo microscope system, and then
measured by using Motic Image Plus 2.0-program. These mea-
surements were used for numerical analyses. For the analyses,
14 taxa (Table 1) and 90 character states, which belong to 55
characters, were scored as the binary state for each taxon (Table
2). To investigate the relationships between the studied taxa,

Table 1. Studied taxa list.

their diagnostic characteristics were determined. Detailed ol L. campestre
measurements based on these characters were used in OTU2 L. spinosum
numerical taxonomic analyses.
OTU3 L. sativum ssp. sativum
This study reveals the relationship between L. campestre, L. . .
. y . . P . p OTU4 L. sativum ssp. spinescens

spinosum, L. sativum ssp. sativum, L. sativum ssp. spinescens,

L. ruderale, L. virginicum, L. perfoliatum, L. vesicarium, L. OTU5 L. ruderale
caespitosum, L. pumilum, L. cartilagineum, L. latifolium, L. ol T
lyratum, L. graminifolium, to determine the effectiveness of - virginicum
the characters used in taxonomic classification, and to help OTU7 L. perfoliatum
solve taxonomical problems of this large genus at specific and .
intraspecific ranks by comparing the numerical results with CULE L vt
classical taxonomic classification. OTU9 L. caespitosum
MATERIALS AND METHODS OoTu10 L. pumilum
The flowering and fruiting material of the genus Lepidium ~ OTU11 L. cartilagineum
were collected from different parts of Turkey during the period oTU12 1 il
May-August 2008, 2009 and 2010. Specimens were collected
from as many different parts of the distribution area of the ge- ~ OTU13 L. lyratum

nus as p055|ble. in order to thoroughly examine variation pat.— oTU14 L. graminifolium
terns. The specimens collected were kept at the Istanbul Uni-

Table 2. Character list.

No Characters Character states

C1 Fruit length maximum value Shorter or longer than 3 mm

(@) Shorter or longer than 4 mm

a Shorter or longer than 5 mm

c4 Fruit length minimum value Shorter or longer than 2 mm

(€5} Shorter or longer than 3 mm

cé6 Fruit width maximum value Shorter or longer than 4 mm

c7 Shorter or longer than 3 mm

c8 Shorter or longer than 4 mm
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Table 2. Continue

9

Fruit width minimum value

Shorter or longer than 2 mm

c10

Shorter or longer than 3 mm

C11

Pedicel length maximum value

Shorter or longer than 4 mm

c12

Shorter or longer than 6 mm

C13

Pedicel length minimum value

Shorter or longer than 2 mm

C14

Shorter or longer than 3 mm

C15

Septum length maximum value

Shorter or longer than 2.5 mm

C16

Shorter or longer than 3.5 mm

Cc17

Septum length minimum value

Shorter or longer than 2 mm

Cci18

Shorter or longer than 3 mm

c19

Septum width maximum value

Shorter or longer than 0.7 mm

C20

Septum width minimum value

Shorter or longer than 0.5 mm

C21

Stigma length maximum value

Shorter or longer than 0.3 mm

C22

Shorter or longer than 0.5 mm

C23

Stigma length minimum value

Shorter or longer than 0.25 mm

C24

Stigma width maximum value

Shorter or longer than 0.25 mm

C25

Shorter or longer than 0.35 mm

C26

Stigma width minimum value

Shorter or longer than 0.15 mm

c27

Shorter or longer than 0.25 mm

28

Sepal length maximum value

Shorter or longer than 1.5 mm

C29

Sepal length minimum value

Shorter or longer than 1 mm

C30

Sepal width maximum value

Shorter or longer than 1 mm

31

Sepal width minimum value

Shorter or longer than 0.8 mm

C32

Petal length maximum value

Shorter or longer than 2.5 mm

33

Petal length minimum value

Shorter or longer than 2 mm

C34

Petal width maximum value

Shorter or longer than 1 mm

C35

Shorter or longer than 1.6 mm

C36

Petal width minimum value

Shorter or longer than 0.8 mm

c37

Stamen length maximum value

Shorter or longer than 2 mm

C38

Stamen length minimum value

Shorter or longer than 1.5 mm

C39

Seed length maximum value

Shorter or longer than 2 mm

C40

Shorter or longer than 2.5 mm

41

Seed length minimum value

Shorter or longer than 1.5 mm

C42

Shorter or longer than 2 mm

C43

Seed width maximum value

Shorter or longer than T mm
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Table 2. Continue

C44 Seed width minimum value Shorter or longer than 1 mm

C45 Basal leaves length minimum value Shorter or longer than 15 cm

C46 Basal leaves width minimum value Shorter or longer than 4 cm

C47 Basal leaves pedicel length minimum value Shorter or longer than 4 cm

C48 Plant length maximum value Shorter or longer than 50 cm

Cc49 Life time Perennial or not

C50 Habitus Erect or not

C51 Single stemmed or not

C52 Many stemmed or not

53 Plant surface Basal part naked or not

C54 Upper part naked or not

C55 Plant waxy or not

C56 Swelling nodes existence Present or absent

C57 Petiola remains existence Present or absent

C58 Basal leaves shape Lyrate basal leaves present or absent

C59 Pinnatisect basal leaves present or absent
C60 2-pinnatisect basal leaves present or absent
ce61 3—pinnatisect basal leaves present or absent
c62 Lanceolate basal leaves present or absent
Ccé63 Ovate basal leaves present or absent

ce4 Linear basal leaves present or absent

C65 Lanceolate basal leaves present or absent
C66 Cauline leaves shape Pinnatisect cauline leaves present or absent
ce7 2—-pinnatisect cauline leaves present or absent
C68 Lanceolate cauline leaves present or absent
c69 Ovate cauline leaves present or absent

C70 Leaves surface Both surface has trichome or not

c71 Glabrous above has trichome below

C72 Stipul existence Present or absent

C73 Sepal center color Purple or yellow

C74 Sepal margin color White or yellow

C75 Sepal surface Glabrous or not

C76 Petal color White or yellow

c77 Stamen position Equal or not

C78 Stamen number 2 or not

135



Eur J Biol 2020; 79(2): 132-143
Bona. Numerical Analysis of Turkish Lepidium s.s. taxa

Table 2. Continue

c79 4 or not
C80 6 or not
81 Pedicel position Erect or not

c82 Pedicel surface

Glabrous or not

cs83 Silicle shape

Ovate or not

Cc84 Orbicular or not
C85 Oblong or not
C86 Silicle wing existence Present or absent

c87 Silicle surface

Glabrous or not

C88 Stilus position

Exceeding sinus or not

C89 Seed wing existence

Present or absent

C90 Seed shape

Ovate or not

two types of numerical analyses were performed using NTSYS-
pc 2.1 software (26). The first analysis was the Clustering Analy-
sis (CA) and the second analysis was the Principle Components
Analysis (PCA).

RESULTS

The result of the CA is the UPGMA (Unweighted Pair-Group
Method using Arithmetic Averages) dendrogram (Figure 1).

The UPGMA dendrogram explains the numerical relationships
of the taxa studied. According to the results; L. sativum ssp.
sativum and L. sativum ssp. spinescens are the closest pair of taxa.
L. spinosum is grouped with these two taxa and L. campestre is

the closest species to the group. L. lyratum and L. graminifolium
are the second closest pair of taxa and related to L. latifolium.
These taxa are grouped with L. ruderale and L. virginicum. The
third closest pair of taxa are L. caespitosum and L. pumilum,
which are grouped with L. cartilagineum.

PCA analysis results were coherent with the CA analysis (Figure
2). According to PCA analysis Lepidium sativum subsp. sativum
and L. sativum subsp. spinescens the closest studied taxa and
these taxa were grouped with L. campestre and L. spinosum. L.
lyratum and L. graminifolium showed a close relation again and
these taxa are grouped with L. ruderale, L. virginicum, L. latifolium
like they were grouped in UPGMA dendrogram. L. caespitosum,
L. pumilum and L. cartilagineum were also grouped. L. pumilum

L. campestre

L. spinosum

L. sativum ssp. sativum |

L. sativum ssp. spinescens |

L. caespitosum

L. pumilum

L. cartilagineum

L. vesicarium

L. perfoliatum

L. ruderale

L. latifolium

L. lyratum

]
L. graminifolium i

L. virginicum

r T T T T T T
070 0.50

T T T
110 130 150
Coefficient

Figure 1. UPGMA Dendrogram.
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Figure 2. Position of studied taxa on the first two components.

has an equal distance from L. caespitosum and L. cartilagineum.
The pictures of the studied taxa are given in Figures 3-5.

PCA analysis reduces numerous characters to a few number
components. Table 3 shows the component's Eigen value and
percentage of Eigen value. Eigen vector values of the first 4
components are given in Table 4. The first two components ex-
plain 39.61% of the total variation. According to the results of
PCA analysis, the first five most effective characters describing
the first component are seed length, the habitus of plant, the
minimum and maximum length of sepal, and septum length.
The first five most effective characters describing the second
component are the seeds with or without wings, the presence

of swelling leaf residues on the base of the plant, the length of
the pedicel, the presence of the plant with a single stem, and
the length of the septum.

DISCUSSION

L. spinosum, L. sativum ssp. sativum and L. sativum ssp. spinescens
taxa (Figure 3) are clustered in this study and are placed in the
section Lepiacardamon in classical systematic studies (7). Ac-
cording to the Flora of Turkey (7) L. campestre, the only taxon
representing the section Lepia, is the closest species to the sec-
tion Lepiocardamon (Figure 3). The dendrogram results are com-
patible with classical taxonomic data in this respect.

Figure 3. A) L. campestre, B) L. spinosum, C) L. sativum subsp. sativum, D) L. sativum subsp. spinescens.
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Figure 4. A) L. ruderale, B) L. virginicum.

Figure 5. A) L. perfoliatum, B) L. vesicarium, C) L. caespitosum, D) L. pumilum, E) L. cartilagineum, F) L. latifolium, G) L. lyratum,
H) L. graminifolium.

L. sativum is grown as a cultivated plant in many parts of the  of Turkey and Flora of Iraq (7,27). In Flora of West Pakistan, the
world. Therefore, it is not easy to draw the boundaries of its geo- ~ taxonomic level is defined as a variety, not a subspecies (28).
graphical distribution. There are different taxonomic approach-  According to the revision study conducted in Turkey, because
es in terms of intraspecific classification with the effect of this  of both the clarity of the morphological differences between
situation. The species has two subspecies according to the Flora  the two taxa as well as due to differences in geographical dis-
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Table 3. Eigen value and percentage of Eigen value of components.

Components Eigen Value Percentage of Eigen Value Total Percentage Eigen

1 21.6700 24.08 24.08
2 13.9788 15.53 39.61
3 10.8323 12.03 51.65
4 8.3728 9.3 60.95
5 6.4828 7.2 68.16
6 5.7569 6.39 74.55
7 4.9996 5.55 80.11
8 4.4561 4.95 85.06
9 4.1067 4.56 89.62
10 3.7017 4.11 93.74
11 2.5988 2.88 96.62
12 1.7636 1.95 98.58
13 1.2713 1.41 100

Table 4. Component's Eigen vector value.

B1 B2 B3 B4
c1 8.1577 1.7598 3.3445 7.6318
c2 7.8622 -3.1628 6.4978 -1.6688
a3 7.3615 -5.525 7.1535 -1.4991
c4 8.1577 1.7589 3.3443 7.6318
(€5 7.4498 -5.115 -2.5845 -1.7279
C6 7.4498 -5.115 -2.5845 1.7279
c7 8.1067 6.1259 2.8759 -3.1068
c8 7.0984 -1.7069 2.2081 -3.9225
c9 7.2261 -1.0386 2.8368 1.6263
c10 5.1939 -4.874 1.1398 -1.064
C11 -1.3344 4.5014 4.2963 -1.2953
C12 3.1741 7.5122 4.2598 9.0736
C13 -6.4439 5.5676 3.7611 -1.5546
C14 1.3431 8.4926 -1.4174 -9.391
C15 8.1577 1.7589 3.3443 7.6318
c16 8.2272 -5.4576 9.4618 -2.5207
17 8.3823 -7.2074 5.6088 -1.4323
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Table 4. Continue.

cis 7.009 -3.8102 -1.0506 -3.4768
c19 7.528 4.4059 2.6295 2.6688
C20 2.801 -1.0181 1.4588 -5.5078
C21 7.528 4.4059 2.6295 2.6688
C22 7.0941 1.9486 -6.6924 -9.7554
C23 5.9917 5.0211 -8.614 1.0578
C24 1.3428 3.1286 -7.9831 3.6451
C25 -1.408 5.7247 2.2524 3.4448
C26 1.051 2.7864 -7.0197 7.8805
c27 -3.313 2.5432 2.5923 5.3754
c28 8.5043 2.5371 -2.1567 -2.4258
29 8.5043 2.5371 -2.1567 -2.4258
c30 5.5623 5.869 -1.042 -2.678
C31 1.3188 6.2204 -4.0622 -3.1672
32 6.9054 4.0033 -4.6847 3.6139
33 3.789 2.8278 -4.1131 5.3833
C34 1.4221 3.924 -3.8543 -1.9705
G35 1.6754 6.7856 3.7243 -1.549
C36 -3.2513 6.5742 -1.7311 1.1972
37 6.5701 2.4961 -5.0581 -24516
38 4.3287 1.8748 -4.5252 1.7334
C39 8.7965 2.9907 1.1786 1.425
C40 5.6454 -4.5667 1.7145 3.261
41 8.1577 1.7589 3.3443 7.6318
C42 7.009 -3.8102 -1.0506 -3.4768
C43 8.1577 1.7589 3.3443 7.6318
C44 5.2255 2.7924 3.5573 -2.0302
C45 4.4301 -1.7607 -5.6159 -5.091
C46 3.8871 -6.922 -5.1692 3.2119
C47 3.5547 -2.0308 -3.6233 -5.4515
C48 -2.3959 -4.1107 -4.2069 -7.7936
C49 4.0749 -7.3958 4.1262 -2.0175
G50 8.6528 5.0179 5.8839 -1.687
C51 -4.0749 7.3958 -4.1262 2.0175
C52 4.7507 -6.8027 1.9056 7.5579
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Table 4. Continue.

C53 -1.3428 -3.1286 7.9831 -3.6451
C54 2.3881 5.057 4.4158 -4.327
C55 -2.9336 4.3552 4.4765 -5.122
C56 4.0356 1.1781 2.8518 6.6462
c57 2.1608 8.7231 2.1741 -1.0536
C58 4.4758 2.8737 2.4905 1.7616
c59 -3.9602 5.3022 -3.3933 -2.2854
C60 -1.2301 3.7383 -2.8989 -4.2022
C61 1.0647 -4.7006 -4.6956 -5.4175
C62 2.8898 -5.7685 5.0445 1.737
C63 -4.8731 -3.4476 1.8812 5.6061
Co4 -1.1663 -4.6782 1.5965 -4.2597
C65 -1.4111 -4.2019 8.2345 4.1765
C66 -4.7657 2.5251 1.6425 -7.5776
C67 7.7308 -1.9457 -5.1567 -7.1191
C68 -1.6978 -1.2835 3.7654 5.2953
C69 -1.0993 -2.7311 -4.7492 1.0636
C70 2.547 4.2819 -2.3125 4.7474
C71 -4.7657 2.5251 1.6425 -7.5776
C72 -2.6955 -2.2652 -4.9657 4.3641
C73 -2.0825 -3.9243 3.083 4.2735
C74 6.2841 -1.307 5.8645 24181
C75 2.1569 -2.6125 24595 1.6409
C76 -2.2815 -2.1394 6.5289 3.1386
c77 2.8233 23518 -1.0312 6.119
C78 4.2576 3.0021 -4.9163 8.3012
C79 2.0464 2.4789 -3.6733 1.3125
C80 -4.2576 -3.0021 49163 -8.3012
C81 -6.4439 5.5676 3.7611 -1.5546
82 -1.6183 6.0073 4.6361 -6.1571
83 -2.3005 -3.2699 -3.0227 -5.9666
c84 3.4683 3.9177 6.5477 2.8762
C85 -3.4604 2.2105 1.0309 5.8767
C86 -5.097 -4.4255 -5.8116 -1.3273
c87 -7.2798 -1.711 -5.8173 -3.1014
88 2.4089 -6.9602 3.6955 7.2506
c89 -5.0479 -9.7737 6.1954 1.0801
C90 -5.9977 -1.4795 2.0557 34321
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tribution seen between populations, it is stated that the defini-
tion should be at the subspecies level. In the Turkey Plant List
(Vascular Plants), both subspecies and varieties are listed as a
synonym and L. sativum is shown as a single species (22). The
results of this study support the view that the L. sativum species
should be better evaluated as two subspecies.

L. latifolium, L. lyratum, and L. graminifolium (Figure 4) are placed
together in section Lepidium (7). These species also formed a
group in this study and numerical results support the sectional
classification. L. ruderale and L. virginicum (Figure 5), the closest
species to the group according to the numerical analysis, are
also placed in section Dileptum in the Flora of Turkey (7,9).

The last group comprises L. caespitosum, L. pumilum and L.
crassifolium. L. caespitosum (Figure 5) was evaluated as an
endemic species in the Flora of Turkey (7). According to Flora of
Turkey (7), L. pumilum and L. crassifolium were represented as two
subspecies; L. cartilagineum (J. May.) Thell. subsp. cartilagineum
and L. cartilagineum (J. May.) Thell. ssp. crassifolium (Waldst. & Kit.)
Thell. Later, Hedge (29) again accepted them as two subspecies
but with a new combination. In the Flora of the USSR, they are
accepted as separate species (30). These three taxa were listed as
subspecies of L. cartilagineum by Mutlu (22) while the revision of
Turkish Lepidium proposed they must be considered as different
species (24). Numerical analysis results in this study support
the idea of evaluating these three taxa as separate species. It
also shows that L. pumilum is closer to L. caespitosum than to L.
cartilagineum.

There is a tendency for some of the flower parts to be reduced
to the point of absence, and hence flower structure is used in
the subgeneric classification in the genus Lepidium (31). Flower
structure and the characters of vegetative morphology are used
in species identification in the genus Lepidium (32,33). The re-
sults of PCA analysis support the idea that the habitus of plant,
the minimum and maximum length of sepal, the presence of
swelling leaf residues on the base of the plant, and the presence
of the plant with a single stem are important characters.

It has been reported that seed characters tend to have been
ignored in Lepidium, with the exception of trifid cotyledon of
L. sativum (31,33). However, the results of the present study
showed that seed length, septum length, and the eventual
presence and features of the seed wing are diagnostic
characteristics for the genus Lepidium. This result is coherent
with studies using seed characteristics for taxonomic studies in
Lepidium (31,34,35).

Numerical analysis of L. sativum based on 21 morphological
traits was performed based on lIranian specimens (36). Ac-
cording to that analysis, the first principal component analysis
explained 63.0% of the total variation present in the dataset,
besides that, petal length and sepal length and width had the
highest positive correlation in PCA analysis (36). The present
PCA analysis also shows that the sepal and petal length are two
important characteristics that explain the first two components.

CONCLUSION

Numerical analysis studies based on morphological data on
Lepidium taxa growing in Turkey is a useful tool for solving the
taxonomic problems of taxa belonging to the genus Lepidium.
This study gave significant results as the first step towards more
comprehensive studies including more taxa.

Proposed Treatment for Turkish Lepidium L. taxa

Section Lepia (Desv.) DC.

L. campestre (L.) Aiton, Hort. Kew. ed. 2, 4: 88 (1812).

Section Lepiocardamon Thell.

L. spinosum Ard., Animad. Specim. Alt. 2: 34,t. 16 (1764).

L. sativum L., Sp. Pl. 2: 644 (1753). subsp. sativum

L. sativum L. subsp. spinescens (DC.) Thell. in Vierteljahr. Naturf.
Ges. Zurich, 51: 161 (1906)

Section Dileptium DC.

L. ruderale L., Sp. Pl. 2: 645 (1753).

L. virginicum L., Sp. Pl. 2: 645 (1753)

Section Lepidium

L. perfoliatum L., Sp. Pl. 2: 643 (1753)

L. vesicarium L., Sp. Pl. 2: 643 (1753)

L. caespitosum Desv. in J. Bot. Agric. 3: 165 & 178 (1815)

L. pumilum Boiss. & Bal. in Boiss., Diagn. ser. 2(6): 21 (1859)

L. cartilagineum (J. May.) Thell. in Vierteljahr. Naturf. Ges. Zurich
51:173 (1906)

L. latifolium L., Sp. Pl. 2: 644 (1753)

L. lyratum L., Sp. Pl. 2: 644 (1753).

L. graminifolium L., Syst. Nat. ed. 10, 2: 1127 (1759)
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ABSTRACT

Objective: Fungi play an important role in the removal of hazardous organic compounds from the environment with their
extracellular multiple enzyme systems. In the bioremediation processes, fungi act as a bioreactor by breaking down or are
biosorbent by accumulating organic pollutants.

Materials and Methods: The aim of this study was to investigate and to compare the biodegradation and biosorption
capacities of different amounts of live and dead biomasses and different concentrations of culture supernatants of Aspergillus
parasiticus NRRL:3386 with gravimetric, gas chromatography-mass spectrometry (GC/MS) and scanning electron microscope
(SEM) analyses.

Results: This study indicated that 1 g of live biomass degraded 80% of petroleum within 4-days of incubation. The cellfree
culture supernatant was not as effective as the live biomass in petroleum degradation. The petroleum biosorption was
achieved at over 50% by 1 g and 2.5 g; over 70% by 5 g and 7.5 g, and over 80% by 10 g of dead biomasses. The petroleum
removal efficiencies of 2 g of live and 10 g of dead biomasses were over 80%. GC/MS analysis demonstrated that C, -C .
n-alkanes (except C,, and C ) and C,, C ., C -C  n-alkanes were degraded 47-77% and over 80%, respectively. The
moststriking result was that C, -C,, n-alkanes were efficiently degraded over 90% in a short incubation period. SEM analysis
showed that gaps between fungal hyphae were clear and bright before biosorption of petroleum, whereas gaps between
fungal hyphae were closed after biosorption of petroleum.

Conclusion: The results clearly pointed out that A. parasiticus will make a significant contribution to advanced
mycoremediation studies.

Keywords: Aspergillus parasiticus NRRL:3386, petroleum, biosorption, biodegradation, Gas Chromatography-Mass
Spectrometry, Scanning Electron Microscope

INTRODUCTION

Petroleum is a non-renewable resource that provides
most of the world’s energy (1). In addition to being a
significant energy source in daily life, petroleum hy-
drocarbons are an important source of raw materials
for industrial chemicals (2). As petroleum is a complex
hydrocarbon mixture of saturated hydrocarbons, aro-
matic hydrocarbons and polar organic compounds, it
damages the lungs, kidneys, liver, intestines and other
internal organs of living organisms and also causes en-
vironmental pollution. Environmental pollution which

is caused by petroleum and petroleum derivatives is
one of the most important problems of developing
countries (3). Refining, storing and transporting high
amounts of petroleum hydrocarbons to fulfill the in-
crease in energy demand, has led to oil spills in large
scale areas (4). Remediation of oil spills by chemical and
physical remediation methods provide an improve-
ment of 40-50%. However, these methods are quite
complex, expensive and time consuming and untreat-
ed biodegradable particles are still left in the environ-
ment (1,5). In this regard, the most effective approach
to the remediation of petroleum contaminated areas
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is the use of biological methods (5). Microbial enhanced oil re-
covery (MEOR) is a cost-effective and environmentally friendly
technique. The primary mechanism in MEOR aims to increase
the fluidity and decrease the viscosity of petroleum as a result
of biodegradation of long chain saturated hydrocarbons by mi-
crobial activity. The biodegradation of petroleum hydrocarbons
is carried out by bacteria, fungi and algae with their microbial
enzymes. Bacteria have oxygenase and dehydrogenase, while
fungi have dehydrogenase and membrane-bound cytochrome
P450 as common enzymes. Most microorganisms biodegrade
petroleum hydrocarbons via aerobic pathways; however the
anaerobic degradation of long chain n-alkanes is important for
MEOR due to a lack of oxygen in reservoir systems. Additionally,
fungal enzymes can degrade n-alkanes of petroleum to lower
fractions in oxygen-deprived conditions and can be used as
an alternative to oxygen-depleting microorganisms with low
growth in reservoirs (1,3).

Many microorganisms can use petroleum hydrocarbons as
carbon and energy sources and convert them into CO,, H,0
and nontoxic products (4). While the research in literature is
limited to bacterial remediation, the usage of potential fungal
strains in remediation processes, is very important in the
development of new mycoremediation strategies (5). Fungi
are highly capable of degrading complex structures and long
chain hydrocarbons and are more resistant to the toxic effects
of petroleum hydrocarbons than bacteria (4). In addition to
the biodegradation of toxic petroleum hydrocarbons, the
surface adsorption and cell absorption of different petroleum
hydrocarbons by fungi are noteworthy. It was clearly shown in
the literature that the most effective fungi in the bioremediation
of petroleum are Aspergillus sp., Penicillium sp., Cephalasporium
sp., Rhizophus sp., Fusarium sp., Rhodotorula sp., Paecilomyces
sp., Torulopsis sp., Pleutrotus sp., Alternaria sp., Mucor sp.,
Talaromyces sp., Cladosporium sp., and Geotrichum sp., (6-10). In
the bioremediation process, fungi are advantageous compared
to bacteria due to potential hydrolytic enzymes and fungal
hyphae facilitating penetration. Filamentous fungi can use
various substrates with their extracellular hydrolytic enzymes.
Thus, they have hydrocarbon biodegradation capabilities as
their biodegrading enzyme systems are extracellular and non-
specific. In addition, fungal enzymes can be obtained by high
efficiency and low-cost methods. Having a short enzymolysis
time with the unique biodegradation capabilities of fungi, this
process does not require the use of living microorganisms. All
these features of fungi make them unique for industrial usage
derivatives (1, 3). Although the biodegradation of petroleum
hydrocarbons with different bacterial strains, bacterial consortia
and fungal strains have been investigated in various studies in
Turkey, no similar study has been found on biodegradation and
biosorption of petroleum by Aspergillus parasiticus NRRL:3386
(11-13). In this context, the study aimed to determine and
to compare biodegradation and biosorption capacities of
petroleum by different amounts and concentrations of live/dead
biomasses and culture supernatants of A. parasiticus NRRL:3386
with gravimetric, Gas Chromatography/Mass Spectrometry (GC/
MS) and Scanning Electron Microscopy analyses (SEM).

MATERIALS AND METHODS

Sampling

1L of petroleum sample was collected from an oil field (Diyarbakir,
Turkey) and transported to the Environmental Biotechnology
Laboratory in Hacettepe University, Beytepe, Ankara, Turkey.

Inoculum Preparation and Storage

The pure culture of A. parasiticus NRRL:3386 strain was inoculat-
ed onto potato dextrose agar and incubated at 30 °C for a week.
The fungal cultures were stored at +4 °C in Hacettepe University
Culture Collection Laboratory, Beytepe, Ankara, Turkey.

Preparation of Fungal Biomass

The pure culture of fungal strain was inoculated in potato
dextrose broth (PDB) and the incubation process was carried
out at 30°C and 150 rpm for 7 days (IKA® KS 4000i, Germany)
(14). Following the incubation period, the fungal cultures
were filtered using Whatman No: 1 filter paper under sterile
conditions. Fungal pellets drying in sterile petri dishes at 30°C
in a static incubator (Mipro MCI, Turkey), were used as live
biomass. Filter-dried fungal pellets were autoclaved at 121°C for
15 minutes and the pellets were used as dead biomass.

Preparation of Cell-Free Culture Supernatant

The pure culture of fungi was inoculated into Bushnell Haas (BH)
(g/L: 0.2 MgSO,, 0.02 CaCl,, 1 KH,PO,, 1 K,HPO,, 1 NH,NO,, 0.05
FeCl,) (Sigma-Aldrich) medium with 1% sterile petroleum and
the incubation process was carried out at 30 °C and 150 rpm for
7 days (IKA® KS 4000i, Germany). Following the incubation peri-
od, the fungal cultures were filtered using Whatman No: 1 filter
paper under sterile conditions. The filtrate was used as the cell-
free culture supernatant for petroleum biodegradation assays.

Petroleum Biodegradation and Biosorption

BH medium was used for biodegradation and biosorption of
petroleum by A. parasiticus NRRL:3386. 0.1% glucose, 0.1% yeast
extract and 1% Triton X:100 were added in BH medium as an
additional carbon, nitrogen and surfactant sources, respectively.
Following the sterilization process and cooling to 45°C of BH
medium (121°C for 15 min), 1% of sterilized petroleum (0.22 um
cellulose acetate syringe filter) (Millipore, Sartorius) was also added.
The different amounts of live/dead biomasses and concentrations
of culture supernatants were inoculated into the medium and the
incubation process was carried out at 30°C and 150 rpm for the
appropriate period in dark conditions (IKA® KS 4000i, Germany).
The experiments were performed in triplicate (15).

Gravimetric Analysis

The biodegradation and biosorption of petroleum were deter-
mined by modifying the method recommended by Al-Hawash
et al. (4). Following the incubation period, petroleum biodegra-
dation and biosorption were evaluated with gravimetric analy-
sis. The residual petroleum was extracted with dichlorometh-
ane (CH,CL) (1:2) (Sigma-Aldrich) and then the upper phase was
also removed. To evaporate the dichloromethane, the flasks
were left at 90 °C for half an hour (Memmert, Schwabach, Ger-
many). The degradation of petroleum was calculated as:
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D (%)= (p,-p,-p,)/p,*x 100

where p and p, indicate the initial and remaining concentra-
tions of petroleum at different incubation periods, p, denotes
the concentration of abiotic loss.

The specific degradation rate was also calculated as follows:
d/x,.d,

where d_is the change in concentration of the petroleum, x_
shows the petroleum concentration and d, indicates a time in-
terval (10,16).

Degradation Kinetics

The degradation of petroleum follows the first-order reaction
kinetics; it can be calculated as:

lnct = lnco - Kt,

where ¢, and ¢, show the residual and initial petroleum concen-
trations; K indicates first-order reaction speed constant for pe-
troleum biodegradation (day™), and t is time (day). The half-life
period of petroleum can be calculated as follows:

t,,=In2/k
where k is the biodegradation rate constant (day™) (10, 16).

Effect of the Incubation Period on Biodegradation of Petro-
leum

1 g of live biomass was inoculated into BH medium and incu-
bation process was carried out at 30 °C and 150 rpm for 7 days
(IKA® KS 4000i, Germany). The degradation of petroleum was
obtained by gravimetric analysis.

Effect of Different Amounts of Live Biomasses on Biodegra-
dation of Petroleum

0.25,0.5, 1, 1.5 and 2 g of live biomasses were inoculated into BH
medium and the incubation process was carried out at 30 °C and
150 rpm for an appropriate period (IKA® KS 4000i, Germany). The
degradation of petroleum was obtained by gravimetric analysis.

Effect of Different Concentrations of Culture Supernatant
on Biodegradation of Petroleum

2.5%, 5%, 7.5% and 10% concentrations of culture supernatants
were inoculated into BH medium and the incubation process
was carried out at 30 °C and 150 rpm for an appropriate period
(IKA® KS 4000i, Germany). The degradation of petroleum was
obtained by gravimetric analysis.

Effect of Different Amounts of Dead Biomasses on Biosorp-
tion of Petroleum

1,2.5,5,7.5 and 10 g of dead biomasses were inoculated into
BH medium and the incubation process was carried out at 30
°C and 150 rpm for an appropriate period. The degradation of
petroleum was obtained by gravimetric analysis.

SEM Analysis
SEM analysis was carried out by Hacettepe University Advanced
Technologies Application and Research Center using with Zeiss
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EVO 50 SEM (Germany). The samples were coated with carbon.
The biosorption of petroleum by dead biomass of A. parasiticus
was determined by SEM micrograph.

GC/MS Analysis

GC-MS analysis was performed to determine the removal of
n-alkane fractions in petroleum with A. parasiticus NRRL:3386
strain. GC/MS analysis was carried out by the Petroleum Re-
search Center at Middle East Technical University using TRB-1
GCMS-QP-2020 (Shimadzu, Tokyo, Japan). The procedure was
performed according to Ozyurek and Bilkay (16).

RESULTS

The Petroleum Degradation by Different Incubation Peri-
ods and Different Amounts of Live Biomasses

In the first step of this study, the incubation periods (1-7 days)
and the amounts of live biomasses (0.25, 0.5, 1, 1.5 and 2 g)
were investigated to determine the most effective petroleum
degradation by live biomass of A. parasiticus. As shown in Figure
1, the degradation of petroleum by 1 g of live biomass reached
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Figure 1. The effect of different incubation periods on
biodegradation of petroleum by live biomass of A. parasiticus
Growth of A. parasiticus strain was carried out at 30 °C and 150
rpm for 7 days. Results are average of three measurements.
Standard deviations are shown on graph.

100
90
80 i
70
60
50
40
30
20
10

Removal of petroleum (%)

Live biomass (g)

Figure 2. The effect of different amounts of live biomasses on
biodegradation of petroleum. Growth of A. parasiticus strain was
carried out at 30 °C and 150 rpm for 4 days. Results are average of
three measurements. Standard deviations are shown on graph.
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80% at the 4™ day of the incubation period. There was no sig-
nificant increase in the removal of petroleum after the 4t day.
Additionally, Figure 2 also demonstrates that above 1 g of live
biomass, there was no dramatic effect on removal of petroleum.
According to these results, the specific degradation rate was
calculated as 0.200. In the control sample, the specific degra-
dation rate was also calculated as 0.002 day™' for petroleum.The
degradation rate constant and half-life period of live biomass of
A. parasiticus NRRL:3386 were calculated as 1.609 day'and t, ,=
0.431.So, it is clearly demonstrated that half-life period was low
with high degradation rate constant.

The Petroleum Degradation by Different Concentrations of
Cell-Free Culture Supernatants

The effect of different concentrations (2.5%, 5%, 7.5% and 10%)
of cell-free culture supernatants on petroleum biodegradation
were evaluated. As shown in Figure 3, the culture supernatant
containing extracellular enzymes had no significant effect on
petroleum biodegradation. Thus, increasing the concentration
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Biodegradation of petroleum (%)

2.5 5 7.5 10

Cell-free culture supernatant (%)

Figure 3. The effect of different concentrations of cell-free
culture supernatants on biodegradation of petroleum. Growth
of A. parasiticus strain was carried out at 30 °C and 150 rpm for
4 days. Results are average of three measurements. Standard
deviations are shown on graph.
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Figure 4. The effect of different amounts of dead biomasses on
biosorption of petroleum. Growth of A. parasiticus strain was
carried out at 30 °Cand 150 rpm for 4 days. Results are average of
three measurements. Standard deviations are shown on graph.

of culture supernatants did not lead to the expected effect on
biodegradation of petroleum.

The Petroleum Biosorption by Different Amounts of Dead
Biomasses

The effect of different amounts (1, 2.5, 5, 7.5 and 10 g) of dead
biomasses were evaluated for petroleum biosorption. Figure 4
shows that over 50% of petroleum biosorption was observed

Figure 5. SEM micrograph of dead biomass of A. parasiticus: (A)
before and (B, C) after biosorption of petroleum.
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n-alkane hydrocarbons

150 rpm for 4 days.

Figure 6. The degradation of n-alkane hydrocarbons by A. parasiticus. Growth of A. parasiticus strain was carried out at 30 °C and

with 1 and 2.5 g of dead biomasses. Furthermore, over 70%,
70%, and 80% of petroleum biosorption was detected with 5 g,
7.5 g and 10 g of dead biomasses, respectively.

SEM Results

SEM is used to verify the morphological differences between
the dead biomass of A. parasiticus NRRL:3386 before and after
biosorption of petroleum. While the gaps between hyphae of
fungi are clear and bright before petroleum biosorption, it has
been shown that the gaps between hyphae of fungi are closed
due to the accumulation of petroleum. SEM micrographs of
dead biomasses of fungi are shown in Figures 5A-C.

GC/MS Results

As shown in Figure 6, C, - C,_ short chain n-alkanes (except C,,
and C,,) were biodegraded in the range of 47-77% and C,,, C,,
and C ;- C,  n-alkanes were degraded over 80%. Moreover, long
chain n-alkanes in the C,, - C_; range were efficiently degraded
over 90% by 1 g of live biomass of A. parasiticus NRRL:3386.

DISCUSSION

Petroleum hydrocarbons are used as carbon and energy sourc-
es by fungal strains (10,17). Aspergillus sp. plays an important
role in the biodegradation of a wide range of petroleum hydro-
carbons. Accordingly, live biomass of fungi is both degrading
and accumulating organic pollutants during the bioremedia-
tion process. In this manner, this study focused on the biodeg-
radation and biosorption of petroleum by live/dead biomass-
es and culture supernatant of A. parasiticus NRRL:3386 strain.
Because filamentous fungi (A. parasiticus) is an important po-
tential agent on removal of petroleum by its ability to rapidly

bind to substrates and being able to grow under environmental
conditions, 80% of petroleum degradation was observed by 1
g of live biomass of A. parasiticus NRRL:3386 within only 4-days
of the incubation period. The degradation rate constant and
half-life period of live biomass of A. parasiticus NRRL:3386 were
1.609 day™ and t, = 0.431. Similar studies clearly showed that
the half-life period was low with a high degradation rate con-
stant (18,19). In the literature, Aspergillus sp. and Rhizopus sp.
were found to be effective in the biodegradation of petroleum
and lubricating oil (4, 6, 20). Al-Hawash et al. demonstrated that
Penicillium sp. RMA1 degraded petroleum at 57% in 14 days
(10). Maddela et al. reported that two fungal isolates degraded
79.9% of petroleum in 30 days (17). About 60% of biodegrada-
tion of petroleum was performed by different Aspergillus strains
(A. flavus, A. fumigatus, A. versicolor, A. terreus) after 7 days of the
incubation period and the biodegradation of petroleum was
over 80% after 28 days (5). Although an increase in the incuba-
tion period usually led to an increase of petroleum biodegrada-
tion in different studies, the increase in incubation period did
not lead to a significant increase in the removal of petroleum
in this study (Figure 1). With the increase in incubation period,
toxic compounds increase with the decrease of nutrients in the
culture. So, it is thought that the fungi reached high petroleum
biodegradation in a short incubation period.

Fungi with a large enzymatic activity are highly effective in the
biodegradation of petroleum hydrocarbons. It is known that
fungal enzymes such as hydrocarbon oxidoreductase, laccase
and peroxidase play an important role in the bioremediation of
sea water, fresh waters and soil (3). The extracellular enzymes
produced by Aspergillus sp. have a significant effect on the
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biodegradation of petroleum (4). However, it was found in this
study that the culture supernatant of fungi was not effective
in biodegradation of petroleum (Figure 3). Because the live
biomass of fungi acts both as a bioreactor by breaking down
organic pollutants by their intracellular and extracellular en-
zymes and biosorbent by accumulating organic pollutants
during the bioremediation process, the culture supernatant
was not as effective as live biomass on the removal of petro-
leum (21).

Fungi play an important role in biosorption of petroleum as
well as biodegradation (4). Biosorption is a physicochemical
process in which chemicals are entrapped in or on the surfac-
es of biological matrices (21). This passive bioaccumulation
process (biosorption) is highly selective and efficient so it can
be used in large scale improvements. In addition, no hazard-
ous products are produced in this process (22). Biosorption of
hydrocarbons can occur with three basic mechanisms. In the
first mechanism, the hydrocarbons dissolved in the aqueous
phase are directly absorbed by microbial cells, this mechanism
is more suitable for cell uptake of short-chain hydrocarbons.
In the second mechanism, small hydrocarbon droplets that are
melted or close to melting are absorbed by microbial cells. In
the third mechanism, hydrocarbons are transported by active
transport or diffusion into the microbial cell by establishing a
direct contact. It is known that petroleum hydrocarbons are
absorbed by microbial cells by the second and third mech-
anism (4). In this context, 5, 7.5 and 10 g of dead biomasses
achieved over 70%, 70% and 80% of petroleum biosorption, re-
spectively. Because the surface area of the adsorbent plays an
important role in the adsorption of petroleum hydrocarbons
in aqueous media, the highest biosorption of petroleum was
performed by 10 g of dead biomass (Figure 4) (4). SEM analy-
sis emphasized the difference of surface morphology in dead
biomass after biosorption of petroleum. Dead biomass of A.
parasiticus exhibited a uniform interconnected structure with a
continuous surface and the gaps between the hyphae of fungi
are very clear and bright in Figure 5a. Due to accumulation of
petroleum, the gaps between the hyphae of fungi are closed in
Figures 5b and 5c.

When the removal efficiencies of live and dead biomasses were
compared, over 80% of petroleum removal were achieved us-
ing 2 g of live biomass and 10 g of dead biomass of fungi (Fig-
ures 2 and 4). So, it can be expressed that the removal of petro-
leum can be achieved not only by live biomass which is active
due to its enzymes but also by dead biomass which acts as a
biological material. Because living microorganisms are affect-
ed by nutrients, pH and other environmental conditions, the
usage of inactivated biological materials is very advantageous
in the removal of toxic organic compounds such as petroleum.
In a similar study, the biodegradation and biosorption activ-
ities of live and dead mycelial pellets of Penicillium chrysoge-
num on different PAHs were investigated. It was determined
that the removal of phenanthrene by live and dead mycelial
pellets of P. chrysogenum were similar. However, the removal
of pyrene by dead mycelial pellets was higher than that re-

moved by live mycelial pellets of P. chrysogenum. Although the
removal of pyrene by the live mycelial pellets was higher than
phenanthrene, the removal capacities of live mycelial pellets
were also low compared to dead mycelial pellets. Due to the
change in permeability of P. chrysogenum cells in high-pres-
sure inactivation process, dead mycelial pellets showed high
biosorption efficiencies (21).

The GC/MS analysis of A. parasiticus also shows that short- and
medium-chain n-alkanes were degraded in the range of 47
- 89% (Figure 6). Many bioremediation studies have demon-
strated that fungi are generally effective on short- and me-
dium-chain n-alkanes in the removal process of petroleum.
RMA1 and RMA2 fungal strains degraded n-alkanes in the
range of C,- C, and C,, - C,.. Aliphatic hydrocarbons such as
n-undecane, n-dodecane, n-tridecane, n-tetradecane, n-penta-
decane and n-hexane were used by fungal strains (10). Zhang
et al. reported that Geobacillus sp. degraded only n-alkane
fractions in the range of C,- C,, in crude oil (23). Hadibarata
and Tachibana reported that the Trichoderma S019 strain was
effective on n-eicosane (C,) in the presence of glucose as an
additional carbon source (24). Folsomia candida, isolated from
the petroleum contaminated area, degraded 79% of medium-
and long-chain aliphatic hydrocarbons (25). The recent studies
have clearly indicated that the increase in the density of petro-
leum hydrocarbons and number of rings in polycyclic aromatic
hydrocarbons cause a decrease in the biodegradation process
(4). In contrast to the studies in literature, it was quite striking
that over 90% of long chain n-alkanes were degraded effec-
tively by A. parasiticus. The fungi showed a significant effect in
the biodegradation of long chain n-alkanes, which are more
resistant to biodegradation. So, it should be emphasized that
A. parasiticus, which has a complex enzyme system, is capable
of greatly degrading complex structure of long chain hydro-
carbons (2).

CONCLUSION

Aspergillus parasiticus NRRL:3386 had a significant effect on bio-
degradation and biosorption processes of petroleum in a short
incubation period. The biodegradation and biosorption capac-
ities of 2 g of live biomass and 10 g of dead biomass were over
80% within 4-days. Furthermore, 1 g of live biomass degraded
80% of petroleum in a short incubation period. While short and
medium chain n-alkanes were degraded in the range of 47 -
89%, it was quite striking that long chain n-alkanes were broken
down more than 90% within 4 days. Many bioremediation stud-
ies in the literature have shown that fungal strains are generally
effective on short- and medium-chain n-alkanes in the removal
process of petroleum. However, the A. parasiticus strain showed
a considerable effect on removal of long chain n-alkanes com-
pared to short- and medium-chains. The results of this study
clearly indicated that biodegradation and the biosorption ca-
pacities of A. parasiticus were considerably high. It is believed
that this study will provide an important contribution to further
mycoremediation studies in the literature.
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ABSTRACT

Objective: Nigella sativa has been extensively investigated as an important potential agent for the healing of wounds and
there have been numerous studies regarding its effect. Although thymoquinone (TQ) is a well-known active constituent of
Nigella sativa, studies in to the usability of TQ on wound healing are still insufficient. In this study, we aimed to evaluate the in
vitro wound healing potential of TQ.

Materials and Methods: NIH/3T3 mouse embryonic fibroblast cells were used to evaluate the wound healing effect of TQ.
Different concentrations of TQ (0.1, 1 and 10 uM) were applied to the cells and their cytotoxic effect on cells after 24- and
48- hours was measured by MTT assay. Its effect on wound healing after 18- and 24- hours recovery was examined by in vitro
scratch assay. Also, the level of B-catenin, an effective protein in the process of healing wounds, was determined by Western
blot assay.

Results: MTT analysis indicated that 0.1, 1T and 10 uM doses of TQ had increased the cell numbers. In vitro scratch assay data
showed that treatment with 1 and 10 pM TQ resulted in a statistically significant wound closure activity (91.35% and 90.84%,
respectively) compared to the control. Additionally, we observed a statistically significant increase in the 3-catenin protein
level which supported our data.

Conclusion: Our results demonstrated that TQ increases both the viability of NIH/3T3 cells and its wound closure activity in
vitro, and that it has the effect of increasing crucial protein 3-catenin. This study suggests that TQ may be a valuable substance
for the healing of wounds and that its usability should be investigated.

Keywords: Thymoquinone, wound healing, NIH/3T3

INTRODUCTION to diabetics, burns, and ulcers still have significant
impact on the population. Therefore, to develop new
strategies is important and recent studies have increas-

ingly focused on natural products to treat wounds.

Wounds are physical injuries that cause disruption
to the normal structure and function of the skin (1).
Different types of wounds may occur in humans. The

most difficult wounds to heal are chronic wounds and
delayed acute wounds. Current studies demonstrate
that nearly 6 million people in the world have chronic
wounds. Annual health care expenditure is extremely
high for these types of wounds, at more than $3 billion
(2,3). In addition, it is estimated that 1% of the Europe-
an population suffers from recurrent and chronic ulcer-
ation such as leg and foot ulcers (2,4). Wounds related

The current synthetic therapeutics used in wound heal-
ing still remains insufficient. They may cause adverse re-
actions and allergic problems that limit the use of these
drugs. In order to eliminate these conditions, the devel-
opment of wound healing agents taken from sources
such as medicinal plants and natural products is highly
important. For this reason, numerous medicinal plants
have been described in the literature such as Curcuma

Corresponding Author: Murat Pekmez

E-mail: mpekmez@istanbul.edu.tr

Submitted: 02.01.2020 - Revision Requested: 06.02.2020 - Last Revision Received: 24.06.2020 -

Accepted: 30.06.2020 - Published Online: 06.10.2020

© Copyright 2020 by The Istanbul University Faculty of Science - Available online at http://ejb.istanbul.edu.tr - DOI: 10.26650/EurJBiol.2020.0044

151


https://orcid.org/0000-0002-6150-8372
https://orcid.org/0000-0002-0795-8030

Eur J Biol 2020; 79(2): 151-156
Pekmez and Milat. Wound Healing Activity of Thymoquinone

longa, Moringa oleifera, Aegle marmelos, Phyllanthus muelleri-
anus and so on (5). One of these plants is Nigella sativa, an her-
baceous plant, which belongs to family of the Ranunculaceae
(6). It has been used traditionally for the treatment of diseases.
It has antimicrobial, antiviral, antifungal, antiparasitic proper-
ties (7). In vitro and in vivo studies have proved that it might
be useful for wound healing. In studies performed on in vivo
burn models, it was demonstrated that N. sativa cream and N.
sativa extract showed significant wound healing effects com-
pared with a commercially available cream (6,8). In the in vivo
diabetic model, it was shown that the wound area decreased as
aresult of the treatment of N. sativa extract (9). It is also reported
that N. sativa extract reduces radiation-related delayed wound
healing in mice (10). When human gingival fibroblast cells are
used as an in vitro wound healing model, aqueous extract of N.
sativa induced fibroblast proliferation and accelerated wound
closure activity (1). All these healing effects and properties orig-
inate from bioactive compounds of N. sativa such as thymoqui-
none (TQ). It is known that Thymoquinone has antimicrobial
(11,12), antiallergic (13), antidiabetic (14), anti-inflammatory
(15), and antioxidant (16) properties . These properties make TQ
an important potential agent for the healing of wounds. Inter-
estingly, the wound healing potential of TQ has not been clear-
ly investigated. Moreover, most of the studies are based on the
in vivo models. However, in vitro studies are needed to highlight
the wound healing mechanism at molecular level.

Thus far, there have been numerous studies on the wound heal-
ing effect of N. sativa, but studies on TQ are still insufficient. The
purpose of this study is to evaluate the role of TQ on the wound
healing process and on 3- catenin expression in NIH/3T3 fibro-
blast cell line.

MATERIALS AND METHODS

Experimental Reagents

TQ was purchased from Santa Cruz Biotechnology (Dallas, Tex-
as, USA) and dissolved in dimethyl sulfoxide (DMSO). Tissue
culture reagents were obtained from Gibco (Carlsbad, CA, USA).
SMART™ BCA Protein Assay Kit was from iNtRON Biotechnology
(Seongnam, Gyeonggi, Korea). Polyvinylidene fluoride (PVDF)
membrane was obtained from Millipore (Darmstadt, Germa-
ny). Mouse anti-B-catenin monoclonal antibody and horse-
radish peroxidase (HRP)-conjugated goat anti-mouse IgG were
obtained from Enzo Life Sciences (Farmingdale, NY, USA). HRP
conjugated GAPDH Loading Control Monoclonal Antibody and
Pierce™ ECL Western Blotting Substrate was from ThermoFisher
Scientific (Kwartsweg, Bleiswijk, Holland). All other chemicals
and reagents were from Sigma (St. Louis, MO, USA).

Cell Culture

Mouse embryonic fibroblast cells (NIH/3T3) were kindly pro-
vided by Istanbul University Faculty of Science, Department
of Biology. NIH/3T3 cells were cultured in Dulbecco’s modified
Eagle medium (DMEM/F12) which included 1% (v/v) antimycot-
ic-antibiotic solution (100 pg/mL streptomycin and 0.25 pg/mL
amfoterisin B and 100 U/mL penicillin) and 10% (v/v) heat-inac-

tivated fetal bovine serum. The cells were incubated at 37°Cin
a humidified atmosphere with 5% CO,. The cells were passaged
before they reached full confluence.

Cell Viability Assay

MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrazolium bro-
mide) cell viability assay was used in order to investigate the
proliferative and cytotoxic effect of TQ on NIH/3T3 fibroblast
cells. Briefly, the cells were seeded in a 96-well plate at a con-
fluency of 3x10* per well. Adherent cells were then treated
with increasing concentrations of TQ (0.01-1000 uM) which was
diluted with DMEM/F12. After 24 and 48 h incubation at 37°C,
the medium was removed. 30 pL of MTT (5 mg/ml) was added
to the cells. After a 4 h incubation at 37°C, 150 pL of DMSO was
added to solubilize formazan crystals and the absorbance was
measured at 540 nm using a microplate reader. Experiments
were performed in triplicate.

Thymoquinone Treatment

NIH/3T3 cells were seeded in 24 well-plates at a density of
1.8x10° per well for cell treatment with TQ. According to MTT
assay results, final TQ concentrations of 0.1, 1 and 10 uM were
applied to the cells incubated for 24 h. Experiments were per-
formed in triplicate.

In vitro Scratch Assay

The capability of TQ on migration of NIH/3T3 cells was deter-
mined by in vitro scratch assay. The cells were seeded at a conflu-
ency of 18 x 10* per well into a 24-well plate containing DMEM/
F12 medium and incubated overnight. After incubation, the
medium was removed and the adherent cells were scratched
with a sterile p1000 pipette tip. The scratched cell layers were
washed with phosphate buffered saline (PBS) to remove cell
debris. After that, the cells were treated with 0.1, 1, 10 uM of
TQ that was diluted in DMEM/F12. Fresh medium was applied
for the control group. Photographs of the scratched area were
recorded by inverted light microscope equipped with a camera
(Nikon Eclipse Ti-E) under 10X magpnification at 0, 18 and 24 h.
Data were analyzed with Image J software (NIH, USA) in order to
determine the width of the scratch and the rate of migration of
cells. Experiments were performed in triplicate.

Immunoblotting Assay

Western blotting assay was performed to analyze samples, as
described by Sengelen and Onay-Ucar (17). In short, the cells
were trypsinized and centrifugated at 700xg for 10 min. Lysis
buffer [20 mM Tris-HCl (pH 6.8), 0.04% (w/v) EDTA, 1% (v/v) Tri-
ton X-100, and EDTA-free PIC (protease inhibitor cocktail), 1 mM
PMSF] was used to resuspend the pellets. The extracts were cen-
trifuged at 20,000xg for 20 min at 4°C. Protein concentrations
were quantified by bicinchoninic acid protein assay. Thirty pug
of protein was separated by SDS-PAGE gel and transferred onto
PVDF membranes. 5% non-fat dry milk in Tris-buffered saline/
Tween 20 (TBST) was used to block membranes for 1 h. After
that, the membranes were incubated overnight with anti-3-cat-
enin primer antibody (1:1000) at 4°C. The following day, the
membranes were washed five times with TBST, and then incu-
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bated with IgG-HRP secondary antibody (1:5000) for 2 h at 37°C,
and washed with TBST again. Protein bands were visualized
using an ECL kit. GAPDH (antibody diluted 1:2000) was used
for data normalization. Imagelab 5.2.1 software (Bio-Rad) was
used to determine protein expression levels. Experiments were
performed in triplicate.

Statistical Analysis

One-way or two-way ANOVA was used to analysis data followed
by Tukey post-hoc-test. The statistically significance was taken to
be P<0.05. The results were presented as mean + standard devi-
ation (SD) and the number of experiments were indicated with
n. Statistical analysis and graph generation were carried out in
GraphPad Prism Software (San Diego, CA, USA) version 7.0.

RESULTS

Thymoquinone Effects Viability of NIH/3T3 Cells

The effect of increasing concentrations of TQ on cell viability
was evaluated in NIH/3T3 after 24 h and 48 h incubation using
MTT assay. The data is shown in Figure 1. The cells were treated
with 0.01-1000 puM of TQ. MTT results showed that 1 and 10 uM
of TQ was able to promote cell viability. However, 50 uM and
above of TQ showed decreased cell viability after 24 h incuba-
tion. In addition, the data showed that TQ decreased cell viabil-
ity of NIH/3T3 cells in a dose-dependent manner after 48 h in-
cubation. The half-maximal inhibitory concentration (IC, ) was
determined 51.43 uM after 24 h and 47.71 uM after 48 h incuba-
tion. According to the MTT results, different concentration of TQ
was used and selected according to significantly increased cell
viability compared to thecontrol. Therefore, the final concentra-
tions of thymoquinone which are 0.1, 1 and 10 uM were used in
the experiments.

140+

. Il 24 hours
—~ 120 k- Il 48 hours
X
< ]
> 100 e
= 801
2 6o o
>
g 40+
_ kK
20 ik g

0 0.01 0.1 1 10 25 50 100

1000

Thymoquinone concentration (uM)

Figure 1. Determination of TQ effect on cell viability after 24
h and 48 h incubation. The graph represents the mean+SD
of three independent experiments analyzed together (n=3).
**¥p<0.001 compared to control for 24 h, ##P<0.001, #P<0.01
compared to control for 48 h determined by one-way ANOVA
using Tukey post-hoc-test.

The Effect of Thymoquinone on NIH/3T3 Cells Wound Healing
In vitro scratch assay was used to determine wound closure ac-
tivity of TQ on NIH/3T3 cells after 18 and 24 h recovery. In vitro
scratch assay data showed that, although there was no statisti-
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cally significant difference between 0.1 uM TQ and the control
groups, treatment with 1 and 10 uM TQ resulted in a statistically
significant recovery in the wound area compared to the control
after 18 and 24 h (Figures 2 and 3). The closure of the control
was 57.9%, 64.98% for 0.1 uM, 75.38% for 1 uM and 71.82% for
10 uM after 18 h of incubation. After 24 h of incubation, the clo-
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Figure 2. Percentage of wound closure area of NIH/3T3 fibroblast
cells treated with TQ determined by in vitro scratch assay
after 18 hours and 24 h incubation. The graph represents the
mean=SD of three independent experiments analyzed together
(n=3). ***P<0.001 compared to control for 18 h, ##P<0.001 for
24 h. ¥pP<0.01 shows multiple comparisons between different
groups. P values were determined by one-way ANOVA using
Tukey post hoc-test.
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Figure 3. Microscopy images of NIH/3T3 fibroblast cells
migration after scratch at 0, 18 and 24" h of 0.1, 1 and 10 UM TQ
treatment under 10X magnification.
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sure of the control was 76%, 81.64% for 0.1 uM, 91.35% for 1 uM
and 90.84% for 10 uM. According to the results, 1 uM of TQ was
observed as the most efficient concentration for in vitro wound
healing activity on NIH/3T3 cells.

Determination of B-catenin Expression in NIH/3T3 Fibro-
blast Cells

Western blotting assay was performed to analyze the effect of
TQ on B-catenin expression in NIH/3T3 fibroblast cells (Figure
4). We observed that 1 uM TQ treatment increased [3-catenin
expression. No statistically significant difference was observed
between 0.1 and 10 pM TQ groups compared to the control
(P>0.05). 1 uM TQ increased the expression of B-catenin by
35.2%. In contrast, 0.1 uM and 10 pM TQ decreased the level of
[-catenin by 12.5% and 4.6% respectively.
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Figure 4. Expression of -catenin in response to TQ (0.1, 1 and
10 uM) treatments for 24 h. All data were normalized to GAPDH.
The graph represents the mean+SD (n=3). **P<0.01 versus
control group. ##P<0.001 shows multiple comparisons between
different groups. P values were determined by one-way ANOVA
using Tukey post hoc-test.
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DISCUSSION

Wounds are still a major global health challenge. Many peo-
ple suffer from different types of wounds. Although synthetic
therapeutics form the basis of wound care, they may cause side
effects and allergic problems so the use of these drugs are lim-
ited. Current studies have also reported the positive effects of
natural products and their bioactive constituents. Many medic-
inal plants are screened as a wound healing agent and one of
these medicinal plants is N. sativa. Studies carried out to date
have shown the significant wound healing effects of N. sati-
va extracts and oils in vivo burn models (6,8), diabetic wound
models (9), radiation-related delayed wound models (10) and
in vitro wound models (1). Although these studies suggest that

N. sativa oil or extract is a wound healing agent, none of them
explained which active constituent provides a healing effect
on wounds. As is well known, many bioactive compounds are
found as a mixture in extracts or oils of medicinal plants. They
may cause various side effects such as allergies or irritation. This
limits the use of commercially available impure extracts and oils
of N. sativa as a wound healing agent. In addition, it has been
reported that N. sativa extract and oil cause irritation or aller-
gic problems (18,19). Therefore, research should focus on active
components of N. sativa.

Many studies have reported on and evaluated the wound heal-
ing effect of natural bioactive components. In diabetic wound
healing models, treatment with curcumin provided acceleration
of wound healing by its antioxidant effect (20). A study per-
formed on uterine wounds treated with resveratrol showed an
increasing activity of antioxidant enzymes and decreasing lipid
peroxidation. That resulted in thickness of the uterine wall (21).
Furthermore, rosmarinic acid demonstrated anti-inflammatory
properties in thermal injury and liver ischaemia-reperfusion rat
models (22). TQ is the main biologically active component of es-
sential oil of N. sativa, also well known for its pharmacological ac-
tivities such as antimicrobial (11,12), anti-inflammatory (15), an-
tioxidant (16) effects. According to these known properties, TQ
has been thought to have potential as a wound healing agent.

Herein, our results indicated that low concentrations of TQ
significantly increased NIH/3T3 cell viability in both a dose
and time dependent manner. The highest cell viability was ob-
served after 24 h incubation with 1 and 10 uM TQ, but at high
concentrations (>25 pM), cell viability significantly decreased.
Additionally, all concentrations of TQ decreased cell viability
after 48 h. According to these results, the study was carried
out with 24 h of treatment. IC,  value of TQ was determined as
51.43 uM. These results suggest that higher doses (>25 uM) of
TQ and longtime treatment are more toxic to NIH/3T3 fibroblast
cells. Thus, low doses of TQ are more effective for cell viability
in healthy fibroblast cells. One study showed that TQ acceler-
ated the rate of wound closure by reducing inflammation and
oxidative stress in burn models (23). Another study performed
with alloxan-induced diabetic rats resulted in acceleration of
wound healing after TQ treatment during the inflammatory
phase which arose due to the antioxidant, anti-inflammatory
and antimicrobial properties of TQ (24). Our study is consistent
with these studies as well as valuable because more thorough
investigation is needed in vitro with different cell types which
act during the phases of wound healing to determine the pro-
cess at cellular and molecular level and understand the role of
TQ. Additionally, the results of treatments with potential agents
will be predictable when in vivo studies are performed.

In vitro models, wound healing is indicated with migration of
cells and explains the rate of wound closure. The in vitro scratch
assay is an easy method to measure cell migration in vitro (25).
Accordingly, we used in vitro scratch assay to create a wound
area and to test TQ treatments in vitro. The photographs taken at
0, 18and 24 h time intervals to observe the closure of the wound
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area clearly indicated that all selected doses of TQ (0.1, 1 and 10
uM) have potential wound closure activity due to fibroblast mi-
gration. In addition, while 1 and 10 uM TQ showed a statistically
significant effect in comparison with the control (P <0.001), the
highest wound closure rate was observed in 1 uM TQ treatment.
The rate of wound closure is increasingly thought to be related
to the idea that TQ may also promote the proliferation of cells.

Following an injury, the wound healing response is controlled
by many signaling pathways (26). Studies should be carried
out to understand these molecular pathways and their compo-
nents which are involved in the wound healing process in order
to generate potential therapeutic agents and therapies. The ca-
nonical Wnt-wingless signaling pathway is well known which
regulates many biologic processes by increasing the transcrip-
tional activity and stability of 3-catenin (27-29). Additionally,
Wnt pathway is important for wound healing because its key
mediator 3-catenin has a pivotal role on the proliferation phase
of wound healing. B-catenin also participates in some phases
of wound repair. First the phosphorylation occurs and it accu-
mulates in the cytoplasm and then migrates into the nucleus.
In the nucleus the regulation of the target gene transcription
occurs and this results in proliferation, migration and accumu-
lation in the collagen of fibroblasts. Our western blot analysis
data is showed that 1 uM TQ treatment resulted in an increase
by 35.2% in B-catenin expression compared with other selected
doses of TQ (P<0.001). It might be thought that TQ plays a role
in the activity of B-catenin. To better understand the results of
elevated -catenin protein levels after TQ treatment on wound
healing, more parameters should be investigated, and further
studies should be performed in vivo physiological conditions.

CONCLUSION

Our results show that TQ may promote cell viability, accelerate
wound healing and trigger protein levels which are effective in
wound healing phases in vitro. Our results reveal promising data
regarding the possibility of a TQ derived product being used in
the treatment of wounds and other dermatological problems.
TQ derived products and drugs may be developed combined
with other active substances and/or administered topically. Al-
though the study was performed in one of the important cell
groups, fibroblasts, on wound healing, further research should
be carried out with other cell lines to determine TQ usability on
wound healing and understand its effect on the wound healing
mechanism.
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ABSTRACT

Objective: The aim of the study was to investigate the changes in the expression levels of apoptosis-related proteins after
treatment with curcumin (Cur) on multiple drug-resistant H69AR non-small cell lung cancer cells.

Materials and Methods: Viability of H69AR cells after Cur exposure (5-100 ug/mL) was evaluated via MTT assay at 24, 48 and
72 h. Apoptosis was assessed via ELISA assay. Apoptosis related proteins of breast cancer cell lines were analyzed by a Human
Apoptosis Antibody Array. Protein-protein interactions were analyzed and visualized by using the STRING database.

Results: Cur inhibited cell viability and induced apoptosis in H69AR cells. The IC50 value of Cur in H69AR cells was 8.75 pg/
mL. The array results showed that the protein levels of pro-apoptotic proteins such as Bad, Bax, Caspase-3, TRAIL R1, TRAIL
R2, FADD, Fas, SMAC/DIABLO, HMOX2 were significantly increased by 2.4-, 3.1-, 2.6-, 3.1-, 3.4-, 2.4-, 2.1-, 4.1- and 5.5-fold in
H69AR cells (p<0.05). Moreover, the protein levels of the anti-apoptotic proteins such as Bcl-2, clAP-1, CLU and HIF1A were
significantly decreased by 4.1-, 3.2-, 2.2- and 2.0-fold, respectively in H69AR cells by Cur exposure (p<0.05).

Conclusion: Findings of this study suggested that Cur induced apoptosis of human H69AR cells via mediating several
proteins involved in both extrinsic and intrinsic apoptotic pathways.

Keywords: Curcumin, apoptosis, protein array, protein-protein interactions

INTRODUCTION Natural plant products are a valuable source of novel bio-
active compounds having potential cytotoxic activities.
Curcumin (Cur) is a polyphenolic compound originated
from the plant Curcuma longa L. called turmeric (4) and
was extracted from the rhizomes of this plant in a pure
crystalline form in 1870 (5,6). Extensive research in the past
50 years has revealed several biological functions of Cur
such as anti-proliferative, anti-inflammatory, and antioxi-
dant properties. Recently, Cur has attracted great attention
for its anticancer properties on breast, lung, prostate, and
brain tumors (7). It is also known that Cur is a potent induc-

Cancer is one of the major public health problems
globally. Lung cancer is the most common cancer type
and a leading cause of cancer-related deaths. Despite
advances in lung cancer therapy, the mortality rate of
the disease is extremely high and the 5-year survival
rate is approximately 16%. (1). Non-small cell lung can-
cer (NSCLC) is the most common type, which compos-
es of nearly 85% of all cases. Toxic effects and various
side effects limit the efficiency of standard therapy for

lung cancer (2). Moreover, drug resistance that leads
to tumor recurrence and disease progression is the
major problem for therapeutic failure (3). Therefore,
there is an urgent need for novel alternative agents to
inhibit proliferation and to induce apoptosis of multiple
drug-resistant (MDR) lung cancer cells.

er of apoptotic cell death in several cancer types (8-11).

There are many studies investigating the possible
apoptotic effects of Cur on various human cancer cells
(7-11), but there is no study on MDR H69AR small cell
lung cancer cells. In the current study, potential cyto-

Corresponding Author: Sileyman Ilhan

E-mail: suleyman.ilhan@cbu.edu.tr

Submitted: 09.04.2020 - Revision Requested: 16.04.2020 - Last Revision Received: 29.07.2020 -

Accepted: 21.09.2020 - Published Online: 13.12.2020

© Copyright 2020 by The Istanbul University Faculty of Science - Available online at http://ejb.istanbul.edu.tr - DOI: 10.26650/EurJBiol.2020.0015

157


https://orcid.org/0000-0002-6584-3979

Eur J Biol 2020; 79(2): 157-162
Ilhan. Profiling Apoptotic Proteins in H69AR Cells Treated with Curcumin

toxic and apoptotic effects of Cur were investigated on MDR
H69AR human lung cancer cells. Moreover, the dominant sig-
naling cascades and apoptotic players by Cur-induced cytotox-
icity were screened by antibody array analysis.

MATERIALS AND METHODS

Cells and Culture

The human H69AR lung cancer cells utilized in the experiments
were obtained from the American Type Culture Collection (ATCC,
CRL-11351). H69AR cells were maintained in RPMI 1640 medium
(Sigma-Aldrich, UK) with stable L-glutamine (1%) (Sigma-Aldrich,
UK), fetal bovine serum (20%) (Sigma-Aldrich, UK) and, strepto-
mycin (1%) (Sigma-Aldrich, UK) in 75 cm?flasks (Cellstar, UK). Cells
were incubated in a 37 °Cincubator during the experiments.

Curcumin Treatment

Cur (Sigma-Aldrich, UK) was prepared as 1 mg/mL ethanol
(EtOH) stock solution and stored for experiments at 4 °C. The
EtOH concentration in all experimental wells was lower than
0.1% and was not toxic to the cells (Figure 1A-C).

MTT Assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay (Sigma-Aldrich, UK) was utilized to calculate the
viability of cells after Cur exposure. Cells (10*/well) were prop-
agated onto 96-well plates in a 200 pL medium. After 24, 48
and 72 h of exposure with increasing concentrations of Cur (5-
100 pg/mL), 20 uL MTT was added to each well and incubated
for an additional 4 h at 37°C. After the incubation period, wells
were drained and existent crystals were dissolved by DMSO
(Sigma-Aldrich, UK). Conversion of MTT into formazan by mito-
chondrial succinate dehydrogenase and other oxidoreductases
was detected via spectrophotometer (570 nm, Tecan Infinite
200 PRO, Switzerland) (12). The half-maximal inhibitory concen-
tration (IC, ) was evaluated via Graphpad 5.0 software.

Detection of Apoptosis via ELISA Assay

Apoptosis was determined through the Cell Death Detection
kit (Sigma Aldrich, UK). This ELISA kit detects DNA fragments in
the cytoplasm of apoptotic cells. For this experiment, cells were
exposed to Cur (5-100 pg/mL) for 24, 48 and 72 h. After each in-
cubation period, cells were lysed and cytoplasmic fractions were
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obtained. Then, 20 L of the cytoplasmic fractions were put into
a streptavidin-coated 96-well. The mixture of “anti-DNA" and “an-
ti-histone” was added to all wells and additionally incubated for 2
h. After washing the plates, diammonium salt was added and op-
tic densities were measured at 405 nm and 490 nm (Tecan Infinite
200 PRO, Switzerland). The fold changes in each treated well were
determined as compared to untreated controls.

Protein Array

Apoptosis related proteins of H69AR cells were analyzed by an
Apoptosis Antibody Array (R&D Systems, USA). The principle of
the array method involves a sandwich immunoassay, which is
membrane-based (13). To optimize the exposure time, which
allows us the detection of all protein spots, different exposure
times were tested for each membrane ranging from 15 s to 15
min. Finally, it was optimized to use for 5 min. The proteins were
detected by chemiluminescence methods involving an incuba-
tion step with an antibody (biotinylated) for h and, with strepta-
vidin (HP-conjugated) for 1 h. Chemiluminescence imaging was
conducted via UVP Biolmaging Systems. Koadaarray® 2.6 soft-
ware was used to quantitate the pixel intensity in each spot (14).

Analysis of Protein-Protein Interaction
Protein-protein interactions were analyzed and visualized by us-
ing the STRING database. (version 11.0; http://string.embl.de) (15).

Statistical Analysis

All statistical analyses were done by using Graphpad Prism 5.0
software (USA). For significant values, a one-way analysis of
variance test (ANOVA) was utilized (16). Statistically significant
data were those with a p value <0.05.

RESULTS

Cur Inhibits the Viability of H69AR Human Lung Cancer Cells
The effect of Cur on the viability of H69AR cells was assessed in a
concentration- and time-dependent manner. As shown in Figure
1(A-C), the viability of H69AR cells was reduced at 24, 48 and 72 h.
Reduction in the viability was also concentration-dependent at all
tested time points. There were 1%, 73%, and 96% reductions in the
viability of H69AR cells exposed to 5, 25, and 100 pg/mL Cur respec-
tively, as compared to control cells at 24 h (p<0.05). There were 2%,
88%, and 97% reductions in the viability of H69AR cells exposed to
5,25 and 100 pg/mL Cur respectively, as compared to control cells at
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Figure 1. Concentration- and time-dependent inhibition of the viability of H69AR lung cancer cells by Cur. Cell viability was determined
by the MTT assay. The results are the mean of 3 different experiments (£SD) (*p<0.05 compared to untreated cells) (UC: Untreated

control, EtOH C: Ethanol control).
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Figure 2. Induction of % of DNA fragmentation in H69AR cells in response to Cur treatment at different time points. (*p<0.05 compared

48 h (p<0.05). The most effective cytotoxic time point was accepted
as 48 hand IC,  value of Curin H69AR cells was 8.75 ug/mL.

Induction of Apoptotic Cell Death by Cur in H69AR Cells
To assess the induction of apoptosis after exposure to Cur in
H69AR cells, increasing concentrations of Cur were applied for
24h, 48 h and 72 h and then apoptotic cell death was evaluat-
ed. As shown in Figure 2, Cur exposure increased the DNA frag-
ments concentration dependently in H69AR cells (p<0.05).

Changes in Apoptotic Proteins by Cur in H69AR Cells
Differences in the expression of apoptosis-related proteins were
profiled by using apoptosis array in H69AR cells. Table 1 shows
the changes in the expression of apoptotic proteins in H69AR
cells after Cur exposure. The results revealed that pro-apoptotic
proteins such as Bad, Bax, Caspase-3, TRAIL R1, TRAIL R2, FADD,
Fas, SMAC/DIABLO, HMOX2 were significantly increased by 2.4-,
3.1-,2.6-,3.1-,3.4-,2.4-, 2.1-,4.1- and 5.5-fold in H69AR cells, re-
spectively, as compared to control cells at 48 h (p<0.05). The an-
ti-apoptotic proteins such as Bcl-2, clAP-1, CLU and HIF1A were
significantly decreased by 4.1-, 3.2-, 2.2- and 2.0-fold in H69AR
cells, respectively, at 48 h (p<0.05).

Protein-Protein Interaction

To analyze protein-protein interactions, the STRING database
was utilized. Figure 3 indicates the protein-protein interaction
generated by STRING with an average local clustering coeffi-
cient of 0.491.

DISCUSSION

Curcumin, the active component of C. longa, has been used
traditionally for centuries to treat a variety of impairments and
studied on a large scale for its anti-proliferative, anti-inflamma-
tory, and anti-oxidant effects throughout the past few decades
(17-19). It has been shown in many studies that Cur has potent
antiproliferative effects and exerts activity through multiple sig-
naling mechanisms (20-22). However, in the literature, there is
no study investigating the effect of Cur on H69AR small cell lung
cancer cells. The H69AR cells are resistant to many chemothera-
peutic drugs such as adriamycin, epirubicin, daunomycin, mitox-
antrone, etoposide, vincristine and vinblastine. Therefore, H69AR
is known as a multi-drug resistant lung cancer cell line (23). The

results revealed that Cur inhibited the viability of H69AR cells in
a concentration-dependent manner. In a study by Li et al., sim-
ilar results were obtained by human lung carcinoma A549 cells
(24). Cur exposure significantly inhibited A549 cell proliferation
and also induced apoptosis concentration dependently. Yang et
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Figure 3. The protein-protein interactions map of the identified
proteins. STRING database, version 11 (http://string.embl.
de) was used to determine the protein-protein interactions
of the proteins identified by antibody array analysis (RPS6:
40S Ribosomal Protein S6; RPS6KB1: Ribosomal Protein S6
Kinase B1; MTOR: Mechanistic Target of Rapamycin Kinase;
UQCRFS1: Ubiquinol-Cytochrome C Reductase, Rieske Iron-
Sulfur Polypeptide 1, CYC1: Cytochrome C1, CYCS: Cytochrome
C, EGLN3: Egl-9 Family Hypoxia Inducible Factor 3, FAIM3: Fas
Apoptotic Inhibitory Molecule 3, HTRA2: HtrA Serine Peptidase 2,
DIABLO: Diablo IAP-Binding Mitochondrial Protein, TNFSF10: TNF
Superfamily Member 10, TNFRSF1A: TNF Receptor Superfamily
Member 1A, TNFRSF10C: TNF Receptor Superfamily Member
10c, RIPK2: Receptor Interacting Serine/Threonine Kinase 2,
PYCARD: Caspase Recruitment Domain-Containing Protein 5,
IMMP1L: Inner Mitochondrial Membrane Peptidase Subunit 1,
C110rf73: Heat Shock Protein Nuclear Import Factor Hikeshi,
CLULT1: Clusterin Like 1, RFWD2: COP1 E3 Ubiquitin Ligase).
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Table 1. Changes in apoptosis related proteins in H69AR cells after exposure to curcumin (8.75 pg/mL) for 48 h. The results are
the mean of two independent experiments (+SD) (ND: not detectable, Ns: non-significant changes).

H69AR

Symbol Protein name Up/down-regulation Fold change
Bad BCL2 Associated Agonist Of Cell Death » 2.4+0.2
Bax BCL2 Associated X Protein ™ 3.1+2.8
Bcl-2 BCL2 Apoptosis Regulator N2 41+2.4
Bcl-x Bcl-2-Like Protein 1 & Ns
Pro-Caspase-3 Pro- apoptosis-Related Cysteine Peptidase NZ 2.0+£0.8
Cleaved Caspase-3 Cleaved apoptosis-Related Cysteine Peptidase T 2.6+1.2
Cat Catalase T 2.1£23
clAP-1 Apoptosis Inhibitor 1 NE 3.2+0.2
clAP-2 Apoptosis Inhibitor 2 & Ns
CLSPN Claspin & Ns
CLU Clusterin J 2.243.0
CYCS Cytochrome c ™ 4.2+2.8
TRAIL R1/DR4 Death receptor 4 ™ 3.1£2.6
TRAIL R2/DR5 Death receptor 5 ™ 3.4+0.8
FADD Fas Associated via Death Domain ™ 24+2.2
Fas/TNFRSF6/CD95 Fas Cell Surface Death Receptor T 2.1+0.4
HIF-1A Hypoxia Inducible Factor 1 Subunit Alpha N 2.0+0.2
HO-1/HMOX1/HSP32 Heme Oxygenase 1 T 2.5+0.8
HO-2/HMOX2 Heme Oxygenase 2 T 52+3.8
HSP27 Heat Shock 27 KDa Protein 1 T 2.8+0.4
HSP60 Heat Shock 60kDa Protein 1 & Ns
HSP70 Heat Shock 70 KDa Protein 4 ™ 2.2+0.4
HTRA2/Omi HtrA Serine Peptidase 2 P» 3.6+£2.6
Livin Baculoviral IAP Repeat Containing 7 & Ns
PON2 Paraoxonase 2 & Ns
p21/CIP1/CDKN1A Cyclin Dependent Kinase Inhibitor 1A & ND
p27/Kip1 Cyclin Dependent Kinase Inhibitor 1B &~ ND
Phospho-p53 (S15) Tumor Protein P53 (Phospho- Ser15) T 3.2+1.2
Phospho-p53 (546) Tumor Protein P53 (Phospho- Ser46) T 3.6+2.4
Phospho-p53 (5392) Tumor Protein P53 (Phospho- Ser392) T 2.8+1.2
Phospho-Rad17 (5635) Cell Cycle Checkpoint Protein RAD17 (Phospho-Ser635) L4 ND
SMAC/Diablo Diablo IAP-Binding Mitochondrial Protein T 4.1+£0.8
Survivin Baculoviral IAP Repeat Containing 5 & ND
TNF RI/TNFRSF1A TNF Receptor Superfamily Member 1A & Ns
XIAP X-Linked Inhibitor of Apoptosis & Ns

al. also investigated the cytotoxic effect of curcumin on NCI-H446
cellsand determined the IC, value as 15 uM (25). In a study by Jin
etal,, the apoptotic effect of Cur was investigated on A549 cells at
10-40 uM concentrations at 24 h and showed the apoptotic cell
death ascended by the increasing concentrations, as compared
to the control cells (26). Further, in the current study, apoptotic
effect of Cur was also evaluated in H69AR cells by flow cytometer
and found that Cur induced apoptosis at 48 h.

To explore the potential molecular mechanisms responsible for
the apoptotic activity, an antibody protein array that provides

the simultaneous evaluation of 35 apoptosis-associated proteins
was used. Apoptosis is a programmed cell death characterized
by chromatin condensation, phosphatidylserine externaliza-
tion, DNA fragmentation and apoptotic bodies which can be
activated via internal or external signals (27). Apoptosis that has
been initiated by external signals such as tumor necrosis factor
receptor (TNF), TNF-related apoptosis-inducing ligand receptor
1 (TRAIL) and Fas cell surface death receptor (Fas) is called the
extrinsic apoptotic pathway. However, the intrinsic (mitochon-
drial) apoptotic pathway is initiated internally and includes Bcl-2
family proteins (27-29). The Bcl-2 family proteins containing both
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pro-apoptotic and anti-apoptotic members are the main regula-
tors of intrinsic apoptosis. Pro-apoptotic proteins such as Bad and
Bak, which are essential for mitochondrial permeabilization, are
activators of apoptosis whereas anti-apoptotic members such as
Bcl-2, Bcl-xL and Mcl-1 inhibit apoptotic cell death (28). Results
revealed an increase in the pro-apoptotic proteins belonging
to the intrinsic apoptotic pathways such as Bad, Bax and a de-
crease in Bcl-2. Zhu et al. showed that protein expression of Bax
was induced, while Bcl-2 was reduced indicating the induction of
apoptosis by the high dosing groups of Cur in pancreatic cancer
cells (30). Yang et al., also demonstrated changes in Bax, Bcl-2 and
Bcl-xL proteins in NCI-H446 cells by 15 pM Cur for 48 h (25). Cyto-
chrome c release from the mitochondria is essential for the acti-
vation of caspase-9 and as a result, activation of apoptosis (27). In
the same study, authors also stated that Cur induced cytochrome
¢, caspase-9 and caspase-3 levels. In the current study, array re-
sults support the findings of Yang et al. in the case of induction in
cytochrome c release and increase in caspase-3 levels (25). How-
ever, the array results of the current study do not support some
of the findings of Yang et al. They reported that Cur did not cause
any change in the expression of FAS and TRAIL apoptotic recep-
tors and stated that Cur did not induce death receptor-mediated
pathways (25). In the current study, Cur induced the main death
receptors (TRAIL R1, TRAIL R2, FADD and Fas) indicating the in-
duction of death receptor-mediated apoptotic pathway in H69AR
cells. Reactive oxygen species (ROS) and mitochondria both play
a vital role in the activation of apoptosis. Cytochrome c release
is known to be mainly regulated via ROS (29). In many studies,
the induction of the ROS-mediated mitochondrial pathway in
Cur-treated cells has been demonstrated (31,32). Results of Kut-
tikrishnane et al. revealed the activation of the intrinsic apoptotic
pathway via the generation of ROS in acute lymphoblastic leuke-
mia cells by Cur treatment (33). Similarly, according to array re-
sults, Cur induced the proteins involved in ROS-mediated apop-
totic pathways such as HIF-1A, HSP27 and HSP70. Here, changes
in apoptotic proteins by Cur treatment were investigated by us-
ing a protein array method, but this needs to be verified by other
methods such as western blotting or qPCR.

To investigate the possible protein-protein interactions of the
proteins obtained from array data, bioinformatics STRING anal-
ysis was carried out. Combining the protein array data with
protein interactome data allows us to investigate the network
of proteins that Cur is probably interacting with. The network
interaction map revealed complex protein-protein interactions
that include direct and indirect functional protein connections.
Of these proteins, Ribosomal Protein S6 (RPS6) is a cytoplas-
mic ribosomal protein and one of the components of the 40S
ribosomal subunit. It is the downstream substrate of PI3K/Akt/
mTOR/p70S6 kinase pathways and is phosphorylated by several
kinases such as Ribosomal Protein S6 Kinase B1 (RPS6KB1) (34).
In the literature, it has been shown that Cur inhibits the mTOR
pathway via decreasing the phosphorylation of RPS6 leading
to blocking the proliferation of human colorectal cancer cells,
malignant glioma cells and intestinal epithelial cells (35-37). Ac-
cording to the map, Cur could induce apoptosis in H69AR cells
by inhibiting mTOR pathway and phosphorylation of RPS6.
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The interaction map also revealed the interaction of TNFSF10
(TRAIL) with Receptor-interacting serine threonine kinase 2
(RIPK2) which is one of the members of the serine/threonine
protein kinase family. It acts by binding to the inhibitor of
apoptosis proteins (AlPs) such as XIAP, clAP-1 and clAP-2. It was
shown by the array data that Cur induced both TRAIL R1 and
TRAIL R2 and subsequently inhibited CIAP-1, which leads to en-
hancement of the apoptotic pathway. The STRING data implies
the possible interaction of TNFSF10 with RIPK2 and Caspase
Recruitment Domain-Containing Protein 5 (PYCARD) after Cur
treatment in H69AR cells. PYCARD functions as a key mediator
in the activation of the mitochondrial apoptotic pathway and
also regulates mitochondrial translocation of BAX and activates
initiator caspases, which were found to be increased after Cur
treatment in H69AR cells (38).

Although the present findings are notable, there are limita-
tions to the study. The effects of Cur on human MDR small cell
lung cancer cells were only detected on H69AR cells. The study
should be expanded by using other NSCLC cell lines.

CONCLUSION

Collectively, the novel findings of this study from array data and
STRING database suggested that Cur inhibited cell viability and
induced apoptotic cell death in human H69AR cells via medi-
ating several proteins involved in both extrinsic and intrinsic
apoptotic pathways. By expanding our knowledge of the het-
erogeneous, biological behavior of the MDR H69AR cells, novel
treatment approaches can be developed for the treatment of
MDR small cell lung cancer.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception/Design of study: S.i.; Data
Acquisition: S.i.; Data Analysis/Interpretation: S.i.; Drafting Man-
uscript: S.i.; Critical Revision of Manuscript: S.i.; Final Approval
and Accountability: S.I.

Conflict of Interest: The authors declare that they have no con-
flicts of interest to disclose.

Financial Disclosure: There are no funders to report for this
submission.

REFERENCES

1. Molina JR, Adjei AA, Jett JR. Advances in chemotherapy of non-
small cell lung cancer. Chest 2006; 130: 1211-9.

2.  Pfister DG, Johnson DH, Azzoli CG, Sause W, Smith TJ, Baker JrS, et
al. American Society of Clinical Oncology treatment of unresect-
able non-small-cell lung cancer guideline: Update 2003. J Clin On-
col 2004; 22: 330-53.

3. SosalglesiasV, Giuranno L, Dubois LJ, Theys J, Vooijs M. Drug resis-
tance in non-small cell lung cancer: a potential for NOTCH target-
ing? Front Oncol 2018; 8: 267.

4. Alibeiki F, Jafari N, Karimi M, Peeri Dogaheh H. Potent anti-cancer
effects of less polar Curcumin analogues on gastric adenocarcino-
ma and esophageal squamous cell carcinoma cells. Sci Rep 2017;
7:1-9.



10.

15.

20.

21.

22.

Eur J Biol 2020; 79(2): 157-162
Ilhan. Profiling Apoptotic Proteins in H69AR Cells Treated with Curcumin

Aggarwal BB, Surh YJ, Shishodia S. The molecular targets and ther-
apeutic uses of curcumin in health and disease. 1 edition. New
York: Springer Science & Business Media; 2007.

Priyadarsini KI. The chemistry of curcumin: From extraction to ther-
apeutic agent. Molecules 2014; 19: 20091-12.

Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, Aggarwal BB.
Curcumin and cancer: An “old-age” disease with an “age-old” solu-
tion. Cancer Lett 2008; 267: 133-64.

Dorai T, Cao YC, Dorai B, Buttyan R, Katz AE. Therapeutic potential
of curcumin in human prostate cancer. lll. Curcumin inhibits pro-
liferation, induces apoptosis, and inhibits angiogenesis of LNCaP
prostate cancer cells in vivo. Prostate 2001; 47: 293-303.
Mukhopadhyay A, Bueso-Ramos C, Chatterjee D, Pantazis P, Ag-
garwal BB. Curcumin downregulates cell survival mechanisms in
human prostate cancer cell lines. Oncogene 2001; 20: 7597-7609.
Liu Q, Loo WTY, Sze SCW, Tong Y. Curcumin inhibits cell prolifera-
tion of MDA-MB-231 and BT-483 breast cancer cells mediated by
down-regulation of NFB, cyclinD and MMP-1 transcription. Phyto-
medicine 2009; 16:916-22.

Moragoda L, Jaszewski R, Majumdar AP. Curcumin induced modu-
lation of cell cycle and apoptosis in gastric and colon cancer cells.
Anticancer Res 2001; 21: 873-8.

Atmaca H, Uzunoglu S. Anti-angiogenic effects of trabectedin
(Yondelis; ET-743) on human breast cancer cells. Eur Cytokine
Netw 2014; 25: 1-7.

Karaca B, Kucukzeybek Y, Gorumlu G, Erten C, Gul MK, Cengiz E et
al. Profiling of angiogenic cytokines produced by hormone-and
drug-refractory prostate cancer cell lines, PC-3 and DU-145 before
and after treatment with gossypol. Eur Cytokine Netw 2008; 19:
176-84.

Erten C, Karaca B, Kucukzeybek Y, Gorumlu G, Cengiz E, Gul MK,
et al. Regulation of growth factors in hormone-and drug-resistant
prostate cancer cells by synergistic combination of docetaxel and
octreotide. BJU Int 2009; 104, 107-14.

Von Mering C, Jensen LJ, Snel B, Hooper SD, Krupp M, Foglierini M,
et al. STRING: known and predicted protein—protein associations,
integrated and transferred across organisms. Nucleic Acids Res
2005; 33:433-7.

Scheff SW. Fundamental statistical principles for the neurobiolo-
gist: A survival guide. 1% edition. New York : Academic Press; 2016.
Boroumand N, Samarghandian S, Hashemy SI. Immunomodu-
latory, anti-inflammatory, and antioxidant effects of curcumin. J
Herbmed Pharmacol 2018; 7: 211-9.

Jurenka JS. Anti-inflammatory properties of curcumin, a major
constituent of Curcuma longa: a review of preclinical and clinical
research. Altern Med Rev 2009; 14: 141-53.

Hewlings SJ, Kalman DS. Curcumin: a review of its’ effects on hu-
man health. Foods 2017; 6: 92.

Tomeh MA, Hadianamrei R, Zhao X. A review of curcumin and its
derivatives as anticancer agents. Int J Mol Sci 2019; 20: 1033.
Allegra A, Innao V, Russo S, Gerace D, Alonci A, Musolino C. Anti-
cancer activity of curcumin and its analogues: preclinical and clin-
ical studies. Cancer Invest 2017; 35: 1-22.

Vallianou NG, Evangelopoulos A, Schizas N, Kazazis C. Potential
anticancer properties and mechanisms of action of curcumin. An-
ticancer Res 2015; 35: 645-51.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Mirski SE Gerlach JH, Cole SP. Multidrug resistance in a human
small cell lung cancer cell line selected in adriamycin. Cancer Res
1987; 47: 2594-8.

Li P, Qin H, Li X. The effect of curcumin on the apoptosis of lung
cancer cells by regulating DJ-1-PTEN/PI3K/AKT signaling. Int J Clin
Exp Med 2019; 12: 8739-45.

Yang CL, Ma YG, Xue YX, Liu YY, Xie H, Qiu GR. Curcumin induc-
es small cell lung cancer NCI-H446 cell apoptosis via the reactive
oxygen species mediated mitochondrial pathway and not the cell
death receptor pathway. DNA Cell Biol 2012; 31: 139-50.

Jin H, Qiao F, Wang Y, Xu Y, Shang Y. Curcumin inhibits cell prolifer-
ation and induces apoptosis of human non-small cell lung cancer
cells through the upregulation of miR-192-5p and suppression of
PI3K/Akt signaling pathway. Oncol Rep 2015; 34: 2782-9.

Jin Z, El-Deiry WS. Overview of cell death signaling pathways. Can-
cer Biol Ther 2005; 4: 147-71.

Giam M, Huang DCS. Bouillet, P. BH3-only proteins and their roles
in programmed cell death. Oncogene 2008; 27: 128-36.

Zuo L, Zhou T, Pannell BK, Ziegler AC, Best TM. Biological and physi-
ological role of reactive oxygen species-the good, the bad and the
ugly. Acta Physiol 2015; 214: 329-48.

ZhuY, Bu S. Curcumin induces autophagy, apoptosis, and cell cycle
arrest in human pancreatic cancer cells. Evid Based Complementa-
ry Altern Med 2017; 2017.

Larasati YA, Yoneda-Kato N, Nakamae |, Yokoyama T, Meiyanto E,
Kato JY. Curcumin targets multiple enzymes involved in the ROS
metabolic pathway to suppress tumor cell growth. Sci Rep 2018; 8:
1-13.

Chen Q, Wang Y, Xu K, Lu G, Ying Z, Wu L, et al. Curcumin induces
apoptosis in human lung adenocarcinoma A549 cells through a
reactive oxygen species-dependent mitochondrial signaling path-
way. Oncol Rep 2010; 23: 397-403.

Kuttikrishnan S, Siveen KS, Prabhu KS, Khan AQ, Ahmed El, Akhtar
S, et al. Curcumin induces apoptotic cell death via inhibition of
P13-Kinase/AKT pathway in B-precursor acute lymphoblastic leu-
kemia. Front Oncol 2019: 9.

LuT, Zhu Z, Wu J, She H, Han R, Xu H, et al. DRAM1 regulates auto-
phagy and cell proliferation via inhibition of the phosphoinositide
3-kinase-Akt-mTOR-ribosomal protein S6 pathway. Cell Commun
Signal 2019; 17: 28.

Johnson SM, Gulhati P, Arrieta |, Wang X, Uchida T, Gao T, et al. Cur-
cumin inhibits proliferation of colorectal carcinoma by modulat-
ing Akt/mTOR signaling. Anticancer Res 2009; 29: 3185-90.
Shinojima N, Yokoyama T, Kondo Y, Kondo, S. Roles of the Akt/
mTOR/p70S6K and ERK1/2 signaling pathways in curcumin-in-
duced autophagy. Autophagy 2007; 3: 635-7.

Moreau R, Kaur H. Curcumin and piperine inhibit mTORC1 signal-
ing in intestinal epithelial cells. The FASEB Journal 2017; 31: 135-8.
Srinivasula SM, Poyet JL, Razmara M, Datta P, Zhang Z, Alnem-
ri ES. The PYRIN-CARD protein ASC is an activating adaptor for
caspase-1.J Biol Chem 2002; 277:21119-22.



