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R E V I E W 
 

By Snezhanka Metodieva Bakalova, PhD 
Assoc. Prof. in the Institute of Оrganic Chemistry with Centre of Phytochemistry, BAS 

Member of the Scientific Jury according to order No RD-09-124/12.07.2023 of the 
Director of IGIC - BAS 

 
on a thesis for acquiring the scientific degree “Doctor of Philosophy” (PhD) in the field of 
higher education: 4. "Natural Sciences, Mathematics and Informatics", Professional area: 

4.2. "Chemical Sciences"; scientific specialty “Theoretical Chemistry” 
 

Author: Nina Stoyanova-Nankova 
TITLE: Theoretical Investigation on the Proton Transfer Mechanism in Monomeric Units 
of Nucleic Acids and Biologically Active Compounds Taking into Account a Specific 
Medium Effect. 
Research supervisor: Prof. DSc. Venelin Enchev (IGIC – BAS) 

 
The author of the thesis is Nina Stoyanova-Nankova – a PhD student in the Laboratory 
"Theoretical and computational chemistry" - IGIC - BAS under the supervision of Prof. 
DSc. Venelin Enchev (IGIC – BAS). 
 
Documents presented: 1. Autobiography 2. Diploma of higher education, educational and 
qualification degree Master. 3. Order No. RD-09-78/28.06.2019 for enrollment as a PhD 
student. 4. Order No. RD-09-92/14.06.2022 for dismissal with right of defense. 5. Order 
No. RD-09-123/14.07.2022 for change of the title of the thesis. 6. Protocol № 4/2023 
from a meeting of the General and Inorganic Chemistry Colloquium for the preliminary 
defense of the thesis project. 7. Certificate No. 85/25.10.2019 for successfully completed 
English language course. 8 Protocol from a competition and test from 22.11.2019. 9. 
Protocol for a specialty exam from 31.03.2020. 10. Certificate for a successfully 
completed course on Quantum chemical methods. 11. Certificate for successful 

completion of a course on  Quantum chemical calculations of NMR parameters. 12. 

Thesis entitled Theoretical Investigation on the Proton Transfer Mechanism in 
Monomeric Units of Nucleic Acids and Biologically Active Compounds Taking into 
Account a Specific Medium Effect 13. Autor’s summary of doctoral thesis 14. List and 
copies of scientific publications. 15. List of noticed citations of the publications. 16. List of 
participation in scientific conferences. 17. List of participations in scientific projects. 18. 
List on the fulfillment of the criteria of IGIC - BAS for acquiring the educational and 
scientific degree "Doctor of philosophy". 
 
The set of materials delivered by PhD student Nina Stoyanova-Nankova as hard copy 
and/or on electronic media is in accordance with the Law of development of the 
academic staff in the Republic of Bulgaria, the Regulations for its implementation, the set 
of rules of development of the academic staff of IGIC – BAS, and meets the criteria of - 
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IGIC – BAS for acquiring the scientific and educational degree "Doctor of Philosophy, 
PhD".  
 
The candidate has presented 3 publications to support the claim, one being in the Q1 
quartile and two in the Q2 quartile, as well as a list of 5 citations. In two of the papers 
Nina Stoyanova-Nankova is the first author. One of the papers has only two coauthors – 
the PhD student and her supervisor, She is a co-author of one more paper (quartile Q2, 
9 citations). She is a participant in 3 ongoing projects with NBSF. She has participated in 
4 successfully finished projects with NBSF. She is a co-author of presentations at 22 
scientific events. 
 
Nina Stoyanova-Nankova has studied in the Faculty of Chemistry and Pharmacy in the 
period 2011 to 2018. In 2016 she graduated as a Bachelor in Computer chemistry. In 
2018 she graduated as a Master in Medical chemistry.   In the period 02.2016 г. – 
04.2019 г. she worked as a chemist and assistant professor in IOCCP-BAS. She is an 
assistant professor in laboratory “Theoretical and computational chemistry” - IGIC – BAS 
since 05.2019. She has been enrolled in a PhD program on 01.07.2019 and has been 
granted a dismissal with right of defense on 01.05.2022. She has a very good command 
of English. She uses at high level various programs in the field of computational 
chemistry. 
 
The dissertation is written on 120 pages and contains 46 Figures, 32 Tables and 197 
cited literature sources. The dissertation comprizes eight chapters -  (i) Introduction, (ii) 
Liturature survey, (iii) Goals nad tasks, (iv) Quantum chemical methods, models and 
computational procedure, (v) Results and discussions, (vi) Conclusions, (vii) 
Contributions, (viii) Literature and finally there is a section that contains appendices (list 
of publications, information on noticed citations, participations in scientific forums). The 
dissertation is written in good professional language. 
 

The thesis of Nina Stoyanova-Nankova is dedicated to tautomeric forms of cytosine and 
guanine, their nucleosides and nucleotides. As known, the existence of isomers of 
nucleic bases close in energy and easily convertible into each other is in the basis of the 
existence of a multitude of variants of secondary nucleic acid structures formed thereby 
and hereditary information thereof. In this context the work of the defendant is related to 
the most basic layer of the enormous science pyramid of biological heritage. The initial 
goals of the dissertation are: 
 

 Evaluation of possibilities of existence of (rare) tautomeric forms of nucleobases 
and nucleotides in the gas phase and water solution 
 Formulation of mechanisms of formation of tautomeric forms of bases and 

nucleotides in the presence of water molecules 
 Studies of medium effects on targeted biologically active molecules 
 Determination of nature of bonding and affinity of biologically active molecules to 

nucleotides 
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The methodology selected for achievement of goals stated above is the theoretical 
quantum chemical study of a large multitude of tautomers of selected objects and 
analysis of their evaluated energy characteristics as related to the goals of the 
dissertation. A brief but exhaustive overview is give on the experimental literature of 
selected nucleobases as well as of theoretical studies so far. An equally brief but 
insightful description of capabilities and problems of theory is dedicated to the selected 
methodologies for the study. The selected basic level of computation, MP2/6-31G(d,p) is 
corresponding to the current state of the art in systematic studies of large volumes of 
molecules of interest. 
 
At difference to theoretical studies of cytosine published so far, using computed total 
molecular (electronic plus nuclear) energies, the candidate uses the total vibrationally 
corrected full Gibbs free energy, which allows the calculation of tautomer distributions at 
varied temperatures and better relations to experiments. The computations also consider 
energy barriers and reaction rates of intramolecular proton transfers, as well as of 
conformational conversions of isomers. For the proton transfers the calculated barriers 
are around and above 40 kcal.mol-1. For the conformational conversions the determined 
barriers are significantly lower, around 8 kcal.mol-1.  Predictions of five cytosine isomers 
in the gas phase correspond to recent experimental results. For guanine six isomers are 
expected in the gas phase, also in agreement with experiments. Also in agreement with 
experiments are the expectations for three isomers of cytosine in water solution. The 
same number of isomers is the prediction for corresponding nucleotides, the trihydrated 
tautomeric forms expected in solution. In the presence of water, acting as a catalyst, 
tautomeric conversions are significantly faster; the consequence is the formation of 
isomer mixtures. Computed barriers for these conversions are two to three times lower 
than in the gas phase, between 14 and 18 kcal.mol-1. The number of guanine and 
derivative isomers is indeed significantly higher than of cytosine. Comparisons of their 
computed relative Gibbs free energies are a significant contribution to the knowledge on 
these important molecules. 
 
The full Gibbs free energy surface of the hydratation cluster around the guanosine 
molecule, comprising four water molecules is described in detail. The configuration of the 
internal hydratation sphere is followed along the tautomerization of 4-oxo-3-amino to 4-
hydroxy-3-imino with proton transfer, assisted by water. No conformation changes of the 
ribose fragment accompany the process. The cyclic proton transfer occurs with a barrier 
of 18 kcal.mol-1 at the МP2/6-31+G(d,p) level, and 22 kcal.mol-1 at the SCS/ МP2/6-
31+G(d,p) level, while the difference between tautomer free energies 5 – 6 kcal.mol-1. A 
complete following of the internal reaction coordinate is carried out in the forward and 
reverse direction, starting from the located transition structure. Verbal description of the 
reaction could be significantly enriched by an animation, which is not impossible even at 
the existing conditions. 
 
A study is carried out on the proton transfer assisted by water on the guanine derivative 
acyclovir. Its most stable tautomer in water is the amino-oxo form. 
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The interaction of 2-carboxamido-1,3-indandione, CAID, with guanine and nucleotides 
has also been studied. No tendency for intercalation is observed. Thus the interaction is 
most probably via hydrogen bonding, involving the phosphate fragments of nucleotides. 
CAID is lacking cytotoxicity and therefore mаy be used as fluorescent DNA or RNA 
biomarker. 
 
I have personal impressions of Nina Stoyanova-Nankova’s work, as we have worked in 
the same laboratory in the period 2016 – 2019. Moreover she has been a member of the 
team of successfully finished project with the Bulgarian National Science Fund, of which I 
was the coordinator. She has a large capacity of knowledge that regularly renews. She 
finds time to delve into topics that are relatively new to her, to actively participate in team 
discussions, as well as to perform some necessary quantum-chemical calculations as 
necessary. 
 
In my opinion knowledge of and mastering the number of methodologies used in her 
thesis is a sufficient recommendation for Nina to continue mastering them in further 
research.  
 

CONCLUSION 
 
The thesis contains fundamental and applied scientific results, which represent an 
original contribution to science and meet all requirements of the Law of Development of 
the Academic Staff in the Republic of Bulgaria, the Regulations for the Implementation of 
the same law, and the Regulations of BAS for the Implementation of thi Law. The 
presented materials and thesis results fully comply with the specific requirements of the 
Regulations of IGIC-BAS for the application of the mentioned law. 
 
The thesis shows that PhD student Nina Stoyanova - Nankova possesses sufficient 
theoretical knowledge and professional skills in the scientific specialty Theoretical 
Chemistry, demonstrating qualities and skills for independent conduct of scientific 
research. 
On the basis of the above considerations, I confidently give my positive assessment of 
the conducted research, presented by the above-reviewed thesis work and propose to 
the Honorable scientific jury to award the educational and scientific degree "Doctor of 
Philosophy" to Nina Stoyanova - Nankova in the field of higher education: 4. "Natural 
Sciences, Mathematics and Informatics", Professional area: 4.2. "Chemical Sciences"; 
scientific specialty “Theoretical Chemistry”. 
 
 
September 30, 2023 
    Reviewer: 
 
        Assoc. Prof. Snezhanka Bakalova, PhD 
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