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REVIEW

From: Prof. Stephka Chankova - Petrova PhD, Institute of Biodiversity and Ecosystem
Research (IBER) - BAS (retired), Reviewer , according to the order No. 143-OB/28.08.2025
of the Director of the Institute of Molecular Biology "Acad Rumen Tsanev" (IMB) - BAS

To: PhD thesis on the topic: "Structural and functional characteristics of soil
microbial communities in response to long-term pollution with heavy metals" for the
acquisition of the educational and scientific degree "PhD" in the scientific specialty
"Molecular Genetics", professional direction 4.3. Biological Sciences

PhD student: Radina Nikolaeva Nikolova - assistant at the section "Regulation of
gene activity"

Scientific supervisors: Assoc. Prof. Dr. Galina Radeva, Prof. Dr. Anelia Kenarova

Here, I declare that I have no conflict of interest within the meaning of Art. 1, item 2a
and item 5 of the Law on the Development of Academic Staff in the Republic of
Bulgaria as well as according to the Art. 33.

Short personal and educational information concerning Radina Nikolaeva
Nikolova: She was born in the city of Varna. The chronology of her education to date
is as follows: 2014 - 2018 - a full-time student at New Bulgarian University, Sofia,
“Bachelor” programme student “Biology - General and Applied”; 2018 - 2020 -
master's program student: “Microbiology and Microbiological Control” at the Faculty
of Biology of Sofia University “St. Kliment Ohridski” Sofia; 2020 - 2024 - PhD
student at the Institute of Molecular Biology “Acad. Rumen Tsanev”, BAS; since
2019 till now - an assistant position at the Section “Regulation of Gene Activity” at
the Institute of Molecular Biology, BAS.

As a student at NBU and the Faculty of Biology of Sofia University "St.
Kliment Ohridski", and then as a member of the staff of the Institute of Microbiology,
BAS, she conducted 5 internships: Institute of Microbiology "Stefan Angelov", BAS -
13.01.2017 - 12.07.2017 on the topic: "Identification of Mycetes"; Joint Institute for
Nuclear Research - Dubna, Russia - 22.07.2018 - 15.09.2018 on the topic:
“Determination of the free volume of a cinematographic column using modeling in
Matlab; RED’19-Astrobiology Introductory Course - Ornitological Park of Le Teich,
France, 03.03.2019 - 09.03.2019; Joint Institute for Nuclear Research, Dubna, Russia
- 07.07.2019 - 27.07.2019, topic: Polymerase Chain Reaction (PCR) and Real Time
Polymerase Chain Reaction (RT-PCR) in action; Institute of Microbiology, Czech
Academy of Sciences, Prague, Czech Republic, ERASMUS + Program - 29.04.2022 -
29.09.2022 topic: “Exploring the soil microbiome, using the technology of Next-
Generation Sequencing (Illumina Miseq).

Relevance of the problem:
The presented PhD thesis on the topic "Structural and functional

characteristics of soil microbial communities in response to long-term heavy metal
pollution" is relevant and directly corresponds to:

The National Program for the Protection, Sustainable Use and Restoration of
Soil Functions (2020 – 2030), developed on the basis of Art. 24. Para. 1 of the Soil
Act (Promulgated in the State Gazette, No. 89 of November 6, 2007, amended in the
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State Gazette, No. 98 of November 28, 2018). and Art. 77 of the Environmental
Protection Act.

The European Strategies and National Priorities for the Protection of
Biodiversity, Soil “Health” and Human Health in the Ever-Changing Ecological
Situation, Due to Climate Change and Increased Human Activity.

From an ecological aspect, this scientific work is timely and informative, and
provides original data on the impact of chronically heavy metal polluted soils on soil
microbial and fungal biodiversity, the function of the soil microbiome, and their
relationship and correlation with a number of physic-chemical parameters of the soil,
using classical microbiological, modern molecular, bio-informatics, and statistical
approaches.

Due to the fact that the EU Soil Strategy for 2030 states that "there is no
agreed common definition of “sustainable soil management” at EU level that is
specific and sufficiently comprehensive to be enforceable", the new information
obtained is valuable in three main directions - taxonomic, ecological and indirectly
related to good agricultural practices in Republic of Bulgaria.

PhD thesis details:The presented PhD thesis book (197 pages) is composed
according to the traditionally established and accepted practices and includes the
following parts: Introduction, Present state of problem (review), Aim and tasks,
Materials and methods, Results, Discussion of the obtained results, Conclusions,
Contributions, Cited literature -21 pages, and Appendix -24 pages.

The PhD thesis book is well illustrated with 26 figures, 33 tables and an
“Appendix” section with 12 tables. Pages 3-8 include: List of abbreviations used, List
of figures and List of included tables.

Introduction(2 pages):
From my point of view the introduction is relevant due to several main factors:

the current understanding that soil condition, its fertility, the many soil processes and
functions are associated with the activity of the soil microbiome and contribute to the
sustainable development of terrestrial ecosystems; the significant number of
agricultural areas chronically polluted with xenobiotics, including heavy metals in
Europe and in our country; the present state of knowledge that a “typical” soil
microbiome does not exist, since soil biodiversity, the structure and function of
microbial communities are formed as a result of complex interactions among the bio-
available forms of heavy metals, soil structure and other environmental components;
the still missing unified methodology and strategy for solving the problem of soil
pollution.

Present state of knowledge (31 pages):This part is very important and informative
providing clarity of how much the author is familiar with the available literature on
the problem. How much he is able to analyze the solved and unresolved issues, on the
basis of which to formulate the working hypothesis and the resulting aim and tasks.
To choose the appropriate methodological tools allowing to successful
implementation the set aim and tasks.

I would say that Radina Nikolova did a brilliant job in writing this part of her
PhD thesis.The review of present state of problem is written in correct, literary,
Bulgarian language. Due to its broad spectrum profile, it is split into subsections:
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The soil microbiome as an indicator of soil health and the influence of
environmental factors on the soil microbiome. Here, the emphasis is on clarifying
the role of the main abiotic and biotic factors on the soil microbiome in
anthropogenically impacted soils: pH, organic carbon, soil oxygen and redox potential,
humidity depending on climatic features and seasonal characteristics, biologically
available forms of nitrogen and phosphorus, mechanical composition of the soil, soil
temperature, relationships with vegetation; interspeces relationships between soil
microorganisms.

The microbiome in heavy metal contaminated soils. This part of the review is
focused on both the structure and function of bacterial and fungal communities in
heavy metal polluted soils; the activity of soil enzymes, the metabolic potential of
heterotrophic bacterial communities in soil, and the functional adaptation of bacterial
communities.

Special attention is paid to classical and modern approaches for studying the
microbiome - from traditional methods of cultivation in laboratory conditions to
"omics" approaches, combining technologies such as transcriptomics, proteomics and
metabolomics, allowing not only the study of biological diversity, but also the
ongoing molecular processes and interactions.

The well-structured and analytically written review, results in a well-
formulated hypothesis (1 page) , according to “...long-term heavy metal pollution can
change the taxonomic composition, structure and function of the soil microbiome.
Some key bacterial taxa can serve as direct bio-indicators of the level of stress along
the pollution gradient. The gradient profile of stressed bacterial communities is
geographically specific and depends on the abiotic factors of the environment”.

On the basis of well formulated hypothesis the two-component aim has been
drawn : "...1) to establish the taxonomic composition and functional activity of the
microbiome of soils chronically polluted with heavy metals and 2) to evaluate the
main environmental factors affecting the characteristics of microbial communities",
For the realization of the main aim, 6 tasks are formulated.

Material and methods (33 pages): This part is well described and it could be
accepted as an illustration of the large methodological tools have mastered by Radina
Nikolova over the years, of the huge experimental work and the very large
experimental scheme. The sampling methods, physic-chemical, microbiological and
molecular genetic analyses are described in detail and with good illustrations, where it
has been necessary. The statistical analyses used are also well described.

Single sampling was carried out at 5 points in the area of KCM 2000, Plovdiv, in
June 2020 along the concentration gradient of long-term soil polluted with zinc (Zn),
lead (Pb), cadmium (Cd), copper (Cu) and the metalloid arsenic (As). Sampling was
performed from referent points with various land use status - technological soil (1),
arable soils (3), pasture (1), different geographical characteristics and different
sampling depths - surface soil layer (0 - 20 cm) and subsurface soil layer (20 - 40 cm).

The physicochemical analyses of the soils are described correctly. The content of
lead, cadmium, copper, zinc and arsenic and their bio-active forms are determined
according to ISO 11466).
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Microbiological analysis of soils: The diversity of heterotrophic bacteria in the soil is
evaluated following “colony forming units” (CFU) protocol per g of dry soil.

Biochemical analyses: 3 biochemical methods are used to evaluate the enzymatic
activities of soil microbial communities - dehydrogenase, beta-glucosidase, urease,
phosphatase, arylsulfatase activities. The metabolic profile of soil bacterial
communities is clarified by the Biolog method using EcoplateTM microtiter plates
(Biolog Inc., Hayward CA, USA), in such way characterizing bacterial communities
based on their ability to assimilate different carbon sources.

The methodology of the molecular genetic analyses is described in a great details:
extraction and amplification of genomic DNA from soils, purification of PCR products, construction of
16S rDNA clone libraries, PCR cloning of DNA, transformation into competent E. coli TOP 10F' cells,
in situ PCR amplification for verification of recombinant clones, storage of clone libraries, restriction
fragment length polymorphism (RFLP), sequencing and phylogenetic analysis of 16S rDNA sequences;
quantitative PCR for determining microbial abundance. Metagenomic analysis by targeted amplicon
sequencing of the 16S rRNA gene (V3-V4 hypervariable region) of bacterial communities and of the
ITS region for fungal communities and sequencing on the Illumina MiSeq platform . The methodology
for the preparation of amplicon ITS libraries is described in detail, which includes PCR amplification
of the ITS region, purification of PCR products, repair of both DNA ends and ligation of adapters,
quantitative PCR (qPCR) for evaluation and normalization of ITS amplicon libraries and the last step
before sequencing - denaturation of the ITS libraries.

Results (52 pages) and discussion (20 pages):These both parts are closely related
and provide a unique opportunity for the doctoral student to demonstrate his/her own
capacity, not only as an experimenter, but also own capacity to analyze obtained data
as well as to interpret them in the light of modern scientific trends. I think that Radina
Nikolova has done a very successful job. The “Results” part is illustrated very well
with tables and graphs.

The well-structured work program and the wide range of methodological tools
contributed to obtaining interesting results that are consistent with other results of the
team to which she belongs and those of other authors.

It was found that in 10 studied reference points the presence of Zn, Pb, Cd, Cu
and As in concentrations above the maximum permissible levels (MPL) according to
the Regulation No. 3/2008, and the degree of pollution varies depending on the
distance from the main pollutant KCM2000, the soil structure and the depth of
sampling (Fig17).

The values of the bio-available forms of Pb, Zn and Cd in soils seem relatively
low - Cd 9 mg/kg, Pb 2.6 mg/kg and Zn 8.2 mg/kg(KCM_1.1 and KCM_1.2).
However, many data in the literature, including ours, show that cadmium and lead
have toxic, genotoxic, mutagenic potential even in a lower concentration range and
the magnitude of these effects strongly depends on the genotype of the studied objects.

No serious differences in physicochemical properties of soils from the
sampling points are found. The soils are sandy-clayey, with slightly varying soil
moisture and pH - from slightly acidic to neutral. The content of total organic carbon
varies from 6.45% for sample KCM_3.1 to 16.7% for soil sample KCM_4.2. The
analysis of the concentration of inorganic salts in the studied soil samples shows very
slight deviations in the content of mineral nitrogen. According to the phosphate
content, two of the soil samples are characterized as rich in phosphates KCM_2 and
KCM_5 and two as poor in phosphorus - KCM_1 and KCM_3. The others are an
intermediate position. No significant difference in this indicator is found between the
surface and subsurface soil layer.
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According to the calculated Pollution Index (NPI), the soils are characterized
as follows: heavily polluted - samples from KCM_1 technological soil located 500 m
south of the source, followed by KCM_4 1 km southeast of the source, pasture and
KCM_2 2 km south, arable soil. The arable soils from KCM_5 (1 km east of the
source) and slightly contaminated soil KCM_3 3 km south of the source are
moderately polluted. The samples from the surface layer are more heavily polluted
compared to those from the subsurface. This fact is explained by the limited
penetration of heavy metals into depth due to their binding to soil organic matter.

I have focused my attention on the physicochemical data because they are an
important factor in clarifying the impact of chronic soil loading with heavy metals on
the abundance and structure of the soil microbiome.

Two approaches - microbiological and molecular - genetic are used due to
their complementary capabilities in order to evaluate the abundance of bacterial
communities, that decreases with increasing heavy metal pollution. Bacterial
abundance is lowest in samples KCM_1.1 and KCM_1.2 where higher concentrations
of bio-available forms of Pb, Zn and Cd are found. Bacterial abundance evaluated by
quantitative PCR (qPCR) follows the same trend. These data also correspond to the
results obtained from the calculated abundance indices (Chao1 and ACE) and alpha-
diversity (Shannon) and the already published data of other authors.

Here, another interesting correlation between the abundance of bacterial
communities and the depth of sampling should be discussed. The results obtained by
the molecular genetic approach for soil bacterial abundance do not correspond to
those obtained by the microbiological cultivation method.This fact is well explained
by the higher capabilities of the molecular - genetic approach to analyze both
cultivable and non-cultivable bacteria. In support of this statement are the results of
subsequent studies to determine the taxonomic composition and structure of bacterial
communities, where new non-cultivable bacterial species were found – 24.10% of all
sequences with homology less than 90% with reference sequences of the 16S rRNA
gene from the NCBI database.

Interesting relationship is found between bacterial abundance and abiotic
factors.The impact of heavy metal pollution is stronger on cultivable bacteria
compared to the total number (cultivable and non-cultivable bacteria).

Fungal communities are an integral part of soil microbiome. Experimental
data indicate that the distribution of representatives of fungal communities in soils
also depends on two factors: the degree of heavy metal pollution and the depth of
sampling. However, according to the Pearson correlation analysis, there is no
statistically proven correlation between the distribution of copies of the ITS region
and these two factors. The next molecular genetic experiments confirm this trend.
Radina Nikolova provides an explanation corresponding to the current understanding
that organism’s resistance can be developed as a result of long-term exposure to high
concentration of heavy metals. She also suggests that this discrepancy may be due to
an insufficiently high statistical samples.

Very important from ecological point of view is the fact that as a result of this
investigation, bio-indicator taxa for heavily polluted soils were identified: the
following bacterial classes Gemmatimonadetes, Chloroflexia and Bacilli and two
fungal classes - Eurotiomycetes (genus Bacillicladium), Dothideomycetes (genus
Curvularia).

Based on the meta-genomic data, 26 metabolic pathways were predicted that
probably are players into the formation of ecological plasticity and resistance of
bacterial communities to heavy metals. These results are of fundamental importance
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in terms of mechanisms of genotype resistance developed as a results of constantly
changing ecological environment.

This PhD thesis provides many answers to the impact of soil pollution with
heavy metals on the soil microbiome - abundance, structure, metabolic activity. It was
developed in accordance with the proposed hypothesis and fully fulfills the set aims
and tasks.

From an ecological point of view, the newly obtained results open new
horizons for studying the function of the microbiome in the processes of
adaptation/resistance to heavy metals and the relationship with abiotic and biotic
factors of the environment.

Conclusions (1 page): Having in mind the huge experimental work done I would like
to say that the 7 conclusions made fully reflect the essence of the work and I agree
with them.

Contributions: (1 page): I would like to express my satisfying from well formulate 5
contributions statement, result of a well-planned and well done work. They are split
in two parts - 3 of them are considered as an original and 2 of them are confirmatory,
and I agree with such classifying.

PhD thesis abstract: It’s content fully covers the content of the PhD thesis book.

Bibliographic reference: The cited literature includes 303 scientific sources, of
which 92 or 30.35% of them are from the last 5 years, which confirms the relevance
of the problem and the good information of Radina Nikolova.

Scientific publications on the issues of the doctoral thesis, participation in
scientific forums and publications, not related with the doctoral thesis: Radina
Nikolova has 4 publications on the topic of the PhD thesis in: Comptes rendus de
l'Académie bulgare des Sciences Q3, IF-0.3; Biotechnology & Biotechnological
Equipment Q3, IF-1.762; BioRisk Q4, SJR - 0.17. These papers are cited 27 times by
5.09.2025. This fact testifies the relevance of the problem and the significance of the
research conducted.

Radina Nikolova has 2 publications not related with the topic of her PhD
thesis. She took place in 9 national and international scientific forums.

She has twice been awarded the First Prize for excellent oral presentation at
the International Seminar on Ecology, Organized by IBER, BAS and USB, Biology
Section.

Personal opinion: I have wonderful personal opinion, since Radina Nikolova
student’s years in New Bulgarian University, where I was a part-time professor in
genetics, as well as her impressive participation at the International Seminar on
Ecology.

Despite the fact that the PhD thesis is very well written and huge amount of
experimental work has been done I would like to address tree questions to Radina
Nikolova:

1. How would you relate the predicted KEGG pathways to the observed
taxonomic changes in the microbiome? Which microbial taxa do you think are most
likely to contribute to specific pathways related to heavy metal resistance?
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2. How can you interpret the changes in microbial communities in relation to
specific mechanisms of metal toxicity, for example, resistance to cadmium (Cd)?

3. Considering that the studied soils originate from arable lands, what
agricultural crops can be grown on them?

Conclusion: The PhD thesis of Radina Nikolova on the topic "Structural and
functional characteristics of soil microbial communities in response to long-term
heavy metal pollution" submitted to me for review could be characterized as very
relevant, with clearly formulated hypothesis, aims and tasks, with well-structured
work program and large methodological tools. All of these supplemented with
literature's awareness and hard work contributed to the obtaining of interesting and
informative results and adequate discussion in the light of Bulgarian and world
scientific achievements.

During her doctoral studies, Radina Nikolova achieved good results both as a
precise experimenter and as a thorough, promising young researcher. All of this gives
me the reason to confidently recommend to the respectable Scientific Jury to vote
positively for the award of the educational and scientific degree "Doctor" in the
scientific specialty "Molecular Genetics", professional field 4.3. Biological Sciences
to Radina Nikolaeva Nikolova.

30.11.2025 Reviewer:

Sofia Prof. Stephka Chankova - Petrova, PhD


