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Аннотация 

В данной статье представлены результаты квантово-химического моделирования 

процесса взаимодействия аниона CO3
2–

 с рядом протеиногенных аминокислот для выявления 

наиболее энергетически выгодной системы и дальнейшего сравнения с результатами лабо-

раторного эксперимента. В результате анализа данных установлено, что все возможные 

взаимодействия являются оптимальными, так как обладают высокой разницей полной 

энергии системы, а также высоким значением химической жѐсткости. Установлено, что 

наиболее оптимальными взаимодействиями являются взаимодействия CO3
2–

-аспарагин и 

CO3
2–

-серин, что обусловлено наибольшей разницей энергии системы относительно модели 

аминокислоты (∆E = 262,907 ± 0,088 ккал/моль) и наибольшем значении химической ста-

бильности (η = 0,218 эВ). 

Ключевые слова: карбонат–анион, химическая жѐсткость, квантово-химическое мо-

делирование, аспарагин, серин 

 

Abstract 

This article presents the results of quantum chemical modeling of the interaction of the 

CO32-anion with a number of proteinogenic amino acids to identify the most energetically advan-

tageous system and further compare with the results of a laboratory experiment. As a result of data 

analysis, it was found that all possible interactions are optimal, since they have a high difference in 

the total energy of the system, as well as a high value of chemical rigidity. It was found that the 

most optimal interactions are the interactions of CO32-asparagine and CO32-serine, which is due 

to the largest difference in the energy of the system relative to the amino acid model (∆E = 262.907 

± 0.088 kcal/mol) and the highest value of chemical stability (n = 0.218 eV). 
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Introduction 

Calcium carbonate is one of the most common biominerals and, therefore, is of considerable 

interest in many fields of science, including medicine, as targeted drug delivery systems are increas-

ingly being used. There are three polymorphic structures of calcium carbonate – calcite with rhom-

bohedral symmetry, aragonite with orthorhombic symmetry, and vaterite with hexagonal symmetry. 

Porous vaterite is used as a carrier in delivery systems for biologically active and medicinal 

compounds. In water or saline, vaterite undergoes morphological transformations. At medium tem-

peratures, porous vaterite turns into calcite (a more thermodynamically stable structure), and at ele-

vated temperatures (above 37-40 ° C ) - into aragonite. Since these polymorphs are not porous, re-

crystallization is accompanied by the release of drugs encapsulated in vaterite [1–3]. 

Materials and methods 

Amino acids are the main building blocks of the muscle protein structure of a living organ-

ism. More than 300 amino acids have been described in nature, only twenty of which are commonly 

found in human peptides. Of the twenty encoded by human DNA, ten are considered important be-

cause human metabolic pathways are insufficient to synthesize them at an adequate rate from other 

foods [4]. Amino acids are also used to obtain various nanomaterials [5, 6] 

The main list of twenty proteinogenic amino acids can be divided into two main subgroups - 

essential amino acids and non-essential amino acids. An amino acid is considered essential if it can-

not be synthesized by a living organism from materials normally available to cells at a rate com-

mensurate with the needs of normal growth. There are 8 essential amino acids in the human body: 

isoleucine (Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalamine (Phe), threonine 

(Thr), tryptophan (Trp), valine (Val); and 12 non-essential amino acids: alanine (Ala), proline (Pro), 

glycine (Gly), serine (Ser), cysteine (Cys), glutamine (Gln), asparagine (Asn), glutamic acid (Glu), 

aspartic acid (Asp), arginine (Arg), histidine (His), tyrosine (Tyr) [7, 8]. 

Essential amino acids are amino acids that humans and other vertebrates cannot synthesize 

from metabolic intermediates. These amino acids must come from exogenous food, as the human 

body lacks the metabolic pathways necessary for the synthesis of these amino acids. Essential ami-

no acids are necessary for the physical and mental well-being of the body, they are responsible for 

the amino acid stimulation of muscle protein synthesis. A complete protein, by definition, contains 

all the essential amino acids and is usually obtained from animal sources of nutrition, with the ex-

ception of soy. The supply of essential amino acids to the body is also available from incomplete 

proteins, which are usually products of plant origin [9–14]. 

Thus, based on the inability to independently produce and the difficult process of the entry 

of essential amino acids into the body, with the help of calcium carbonate, it is possible to carry out 

the process of targeted delivery of the necessary amino acids throughout the body. But before pro-

ceeding directly to the transportation process, you first need to make sure that these components are 

able to interact, and which of the communication systems will be the most beneficial. The calcula-

tion of molecular properties provides an important link to experiment. Computer quantum-chemical 

modeling makes it possible to calculate large-scale molecular systems, providing a visual analysis 

of the physico-chemical properties, in particular, and the determination of the most energetically 

favorable CaCO 3 interaction system with an amino acid. 

Quantum-chemical modeling was carried out in the IQmol molecular editor using the Q - 

Chem software on the equipment of the Schneider Electric data processing center of the North Cau-
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casus Federal University. Quantum-chemical calculations were performed with the following pa-

rameters:Energy,method:HF, basis: 6-31G , convergence – 4, force field – Ghemical [15–18]. At 

the first stage, quantum-chemical modeling of individual amino acids was carried out. After that, 

the interaction of the calcium carbonate silicate anion with amino acids through the amino groups 

present in amino acids was considered. 

To determine the most energetically favorable system of interaction  

CO 3 
2– 

-amino acid in the process of modeling, the total energy of the system ( E ), the energy of the 

highest occupied molecular orbital ( HOMO ), the energy of the lowest free molecular orbital ( 

LUMO ), the energy difference between the amino acid and the interaction system ( ∆ E ), chemical 

rigidity ( η ) [19, 20]. 

A complete list of proteinogenic amino acids was taken as amino acids: alanine ( Ala ), va-

line ( Val ), leucine ( Leu ), isoleucine ( Ile ), methionine ( Met ), proline ( Pro ), glycine ( Gly ), ser-

ine ( Ser ), threonine ( Thr ), cysteine ( Cys ), glutamine ( Gln ), asparagine ( Asn ), glutamic acid ( 

Gly ), aspartic acid ( Asp ), lysine ( Lys ), arginine ( Arg ), histidine ( His ), phenylalamine ( Phe ) , 

tyrosine ( Tyr ), tryptophan ( Trp ). 

Results and discussions 

The results of quantum-chemical modeling are presented in Table 1. 

 

Table 1 - Results of computer quantum-chemical modeling 
Amino acid Interaction CO 3 

2– 
-amino acid E , 

kcal/mol 

∆E _ HOMO , 

eV 

LUMO 

, eV 

η , 

eV 

Alanine - -323.545 - -0.250 0.016 0.133 

Through the amino group of an ami-

no acid 

-584.742 261.197 -0.284 0.141 0.213 

Valine - -402.112 - -0.249 0.016 0.133 

Through the amino group of an ami-

no acid 

-662.834 260.722 -0.287 0.119 0.203 

Leucine - -441.397 - -0.260 0.006 0.133 

Through the amino group of an ami-

no acid 

-701.843 260.44 

6 

-0.282 0.146 0.214 

Isoleucine - -441.394 - -0.247 0.018 0.133 

Through the amino group of an ami-

no acid 

-701.689 260.295 -0.245 0.102 0.174 

Methionine - -800.251 - -0.232 0.006 0.119 

Through the amino group of an ami-

no acid 

-1060.301 260.050 -0.295 0.130 0.213 

Proline - -400.906 - -0.246 0.008 0.127 

Through the amino group of an ami-

no acid 

-661.205 260.299 -0.122 0.135 0.129 

Glycine - -284.252 - -0.259 0.004 0.132 

Through the amino group of an ami-

no acid 

- 545,771 261.519 -0.288 0.144 0.216 

Serene - -398.725 - -0.262 0.009 0.136 

Through the amino group of an ami-

no acid 

-659.624 260.899 -0.294 0.142 0.218 

Threonine - -438.015 - -0.248 0.006 0.127 

Through the amino group of an ami-

no acid 

-698.355 260.340 -0.202 0.122 0.162 

Cysteine - -721.585 - -0.254 -0.003 0.126 

Through the amino group of an ami-

no acid 

-982.265 260.680 -0.293 0.115 0.204 

Glutamine - - 531.217 - -0.205 -0.055 0.075 

Through the amino group of an ami-

no acid 

-791.231 260.014 -0.203 0.122 0.163 

Through the amino group in the radi-

cal 

-791.393 260.176 -0.274 0.103 0.189 
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Asparagine - -489.393 - -0.401 0.138 0.270 

Through the amino group of an ami-

no acid 

-752.212 262.819 -0.208 0.132 0.170 

Through the amino group in the radi-

cal 

-752.388 262.995 -0.267 0.097 0.182 

Glutamic acid - -551.075 - -0.216 -0.067 0.075 

Through the amino group of an ami-

no acid 

-811.330 260.255 -0.300 0.134 0.217 

Aspartic acid - -512.032 - -0.263 -0.008 0.128 

Through the amino group of an ami-

no acid 

-772.307 260.275 -0.301 0.119 0.210 

Lysine - -496.481 - -0.177 -0.024 0.077 

Through the amino group of an ami-

no acid 

-756.541 260.060 -0.202 0.124 0.163 

Through the amino group in the radi-

cal 

-756.540 260.059 -0.182 0.148 0.165 

Arginine - -606.086 - -0.239 -0.005 0.117 

Through the amino group of an ami-

no acid 

-865.846 259.760 -0.208 0.122 0.165 

Through the extreme amino group in 

the radical 

-865.849 259.763 -0.199 0.149 0.174 

Through the central amino group in 

the radical 

-865.835 259.749 -0.192 0.149 0.171 

Histidine - -548.187 - -0.198 -0.037 0.081 

Through the amino group of an ami-

no acid 

-808.032 259.845 -0.205 0.118 0.162 

Through the amino group in the radi-

cal 

-807.989 259.802 -0.203 0.105 0.154 

Phenylalanine - -554.424 - -0.240 0.002 0.121 

Through the amino group of an ami-

no acid 

-814.270 259.846 -0.297 0.109 0.203 

Tyrosine - -629.617 - -0.221 0.002 0.112 

Through the amino group of an ami-

no acid 

-892.553 262.936 -0.293 0.121 0.207 

tryptophan - -685.684 - -0.195 -0.035 0.080 

Through the amino group of an ami-

no acid 

-944.639 258,955 

th most 

commo

n 

-0.199 0.087 0.143 

th 

most 

com

mon 

Through the amino group into radi-

cals 

-944,687 259,003 

th most 

commo

n 

-0.189 0.105 0.147 

th 

most 

com

mon 

 

From the analysis of the data obtained, it can be concluded that all interactions of the anion 

CO 3 
2– 

with an amino acid have a total energy value different from the energy of amino acids by 

260 ± 2 kcal/mol. The interaction with the largest energy difference ( ∆ E = 262.995) is the CO 3 
2– 

-

asparagine system (Figure 1–3). 
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а     б 
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Рисунок 1 – Квантово-химическая модель молекулы аспарагина: а – модель взаимодействия, б –HOMO, в – 

LUMO, г – расшифровка/ Figure 1 - Quantum-chemical model of the asparagine molecule: a - interaction model, b 

- HOMO , c - LUMO , d - interpretation 

 

 

  
а    б    в 

Рисунок 2 – Квантово-химическая модель молекулярной системы СO3
2–

 -аспарагин (взаимодействия 

СO3
2–

 с аминогруппой аминокислоты): а – модель взаимодействия, б –HOMO, в – LUMO, г – расшифров-

ка/ Figure 2 - Quantum-chemical model of the molecular system С O 3 
2–

 -asparagine (interactions С O 3 
2–

 with 

the amino group of an amino acid): a - interaction model, b - HOMO , c - LUMO , d - interpretation 
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а    б    в 

Рисунок 3 – Квантово-химическая модель молекулярной системы СO3
2–

 -аспарагин (взаимодействия 

СO3
2–

 с аминогруппой в радикале): а – модель взаимодействия, б –HOMO, в – LUMO/ Figure 3 - Quantum-

chemical model of the molecular system С O 3 
2–

 -asparagine (interactions С O 3 
2–

 with an amino group in the 

radical): a – interaction model, b – HOMO , c – LUMO 

 

 
а    б    в 

Рисунок 4 – Квантово-химическая модель молекулы серина: а – модель взаимодействия, б –HOMO, в – 

LUMO/ Figure 4 - Quantum-chemical model of the serine molecule: a - interaction model, b - HOMO , c - LUMO 

 

  
а    б    в 

Рисунок 5 – Квантово-химическая модель молекулярной системы СO3
2–

-серин (взаимодействия СO3
2–

 с 

аминогруппой аминокислоты): а – модель взаимодействия, б –HOMO, в – LUMO/ Figure 5 - Quantum-

chemical model of the molecular system С O 3 
2– 

-serine (interactions of С O 3 
2– 

with the amino group of the ami-

no acid): a – interaction model, b – HOMO , c – LUMO 
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The resulting models have a high chemical rigidity ( η ≥ 0.129 eV), which indicates a high 

stability of the systems. The CO 3 
2– 

-serine system has the highest chemical rigidity ( η ≥ 0.218 eV) 

(Figure 4–5). 

Conclusion 

As a result of quantum-chemical computer modeling, it was found that all the presented in-

teractions of calcium carbonate with a number of proteinogenic amino acids are energetically favor-

able. The most energetically favorable is the interaction of the carbonate anion with asparagine, the 

most stable is the interaction of CO 3 
2– 

- serine. The study was carried out in order to further com-

pare the analysis with laboratory test data to confirm the theoretically constructed calculations. 
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