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ABSTRACT 

Nicotine (Nic o N) has caused much damage to humans. Exposure to 

Nic during the development stage of the fetus can lead to several 

disorders. The objective of this work was to calculate all possible 

interactions of Nic vs. Nitrogen Bases (NB) for DNA and RNA using 

Semi-Empirical Parameterized Method 3 (SE-PM3). These 

calculations were performed using the molecular simulator Hyper 

Chem (HC). The improved calculations were based on the novel 

Electron Transfer Coefficient (ETC) theory posited by the authors in 

previous work. This theory is the calculus of the ratio of dividing Band 

Gap (BG) / Electrostatic Potential (EP). This ratio indicates the number 

of multiples of its EP that the electron needs to jump its BG. As the 

result, we calculated 36 Interactions Cross Band (ICB) of NB and 13   

ICB of  Nic vs. NB. We conclude that N can be confused with the A in the  genesis of RNA 

because the similar value of ETC (24.092 and 24.240) for the pairs pair A:U and N:U. It is 

noted that the N gives an electron cloud in the same way that A does. 

 

KEYWORDS: Nicotine, Nitrogenous bases, DNA and RNA, Quantum methods, SE-PM3 

 

I. INTRODUCTION 

a. The harm caused by Nic 

Nic has caused much damage to humans. Many studies show that Nic may affect pluripotent 

cell differentiation in fibroblasts and, in particular, the differentiation of embryonic stem 

cells.
[1]

 The reduced fertility and increased follicular atresia in animals exposed to Nic may 
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be due to disruption of the regulation of Insulin Growth Factor (IGF). In the ovaries, and 

uterus and lactational exposure to Nic alters the intra-ovarian IGF system in adult female 

rats.
[2, 37] 

 

The consumption of snuff in human pregnancy increases the risk of complications for both 

mother and fetus. In macaque’s pregnancy, this Nic exposure decreases lung function though 

maternal vitamin C supplementation attenuates these detrimental effects.
[3]

 Nic affects uterus 

histology and the oviduct while melatonin administration reduces this damage.
[4] 

 

Other results obtained by researchers are that the sub-acute exposure to Nic has an effect on 

cerebral microvascular thrombosis and systemic toxicity in mice.
[5]

 Another result was the 

evaluation of the impact of chronic administration of Nic in bone mineral homeostasis in the 

growth of young rats.  Compared to the effects on adult male rats, this exposure induces bone 

changes that vary with age.
[6] 

 

Furthermore, the concentrations of Nic smoking (100 -300 nm) interfere with cholinergic 

signaling in the prefrontal cortex of mice.
[7]

 The study of cholinergic receptor systems and 

has generated great interest. It is because various changes in cholinergic transmission have 

been related, directly or indirectly, with severe disorders such as Alzheimer's and 

Parkinson.
[8] 

The results of exposure to Nic in the development stage can also lead to 

neurobehavioral disorders. The clinical relevance of these studies is a justificat ion for 

insisting that all people in general and the youth group be particularly risky. It should be 

warned of the risks of adverse effects of Nic on the biological system as a whole.
[9] 

 

In this article, we study the molecular interactions of Nic and the nitrogenous bases of DNA 

and RNA by quantum computational methods. 

 

b. Uracil and nitrogenous base pairs 

Researchers have studied the Uracil (U) for many years. These studies range from its 

conversion from cytosine until it generates mispair with other bases.
[10-13]

  

 

The deamination of cytosine generates the purine base U. U produces the mispair mating 

G:U.
[14]

 It is removed from DNA by the U of DNA glycosylase enzyme (UDG).
[15-16, 36, 39]

 

UDG is specific for U.
[17-18]
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For example, the pair T:X emerges through misincorporation during DNA replication.
[18]

 In a 

particular case, the mispair T:G is much easier to synthesize than couples allowed T:A and 

C:G.
[19]

  

 

Other combinations of the base were studied and found that misalignments base pair Purine-

Purine can form a variety of configurations. These settings depend on solution conditions. 

The pairs G:G were identified by X-ray diffractograms and nuclear magnetic resonance 

(NMR). These devices can view settings anti-pair and syn G:G.
[20]

 Seeking, these 

combinations, it was suggested that the measurement of the magnetic properties of DNA 

could be a direct path to detect the mispair G:A.
[21] 

This mechanism of recognition stems 

from the lack of verification for the pair G: that particular conformations adopted.
[22]

 

 

c. Quantum computational methodology 

Computational methods are imperative in predicting chemical and biochemical reactions. 

These methods can save time, materials and reagents in laboratory experiments. 

 

The principles of Quantitative Structure-Activity Relationship (QSAR) could spread to enrich 

physicochemical structural indices. The molecular fragments or structural designs (or other 

molecular residues) provide detailed maps of the biological chemical interactions.
[23] 

The 

surfaces of the interaction of DNA
[38]

 and proteins can be identified with computational 

support.
[24-25] 

The theoretical vibrational frequencies and geometric parameters (bond lengths 

and bond angles) can be calculated using ab initio Hartree-Fock (HF).
[26] 

 

Computational-based quantum chemistry methods also identify more stable molecular 

systems tautomers for which the common chemical knowledge is not enough to make 

definitive predictions.
[27]

  

 

Researchers extended the protocol to simulate a computational spectroscopic property of a 

solid molecular U and effects of the hydrogen bonds in the IR spectrum.
[28]

 Hydrogenation 

enthalpy of U was determined and found that U has 30.0% of the aromatic character in the 

gas phase.
[29]

 It was studied experimentally, and the results were compared to three quantum 

computations methylated U, in particular, 5,6-dimethyl, 1, 3, 5-trimethyl- and 1, 3, 5, 6 - 

tetramethyl. The comparison results were excellent.
[30]

 Methods of density functional theory 

plane wave are used to explore ways and configurations adsorption molecules U on a gold 

surface.
[31]
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For this work, we explored the molecular interactions of Nic and the nitrogenous bases of 

DNA and RNA by the quantum method SE-PM3. 

 

II. METHODOLOGY 

a. Abbreviations  

Highest Occupied Molecular Orbital (HOMO). Lowest Unoccupied Molecular Orbital 

(LUMO). Band Gap (BG), Negative Energy (E-). Positive Energy (E+). Electrostatic 

Potential (EP). Electronic Transfer Coefficient (ETC). Uracil Tautomer 1 (U1). Uracil 

Tautomer 2 (U2) figure 1.  

 

 

FIG. 1. Tautomers of U. U tautomer U1 has ketone links. U tautomer U2 has hydroxyl 

links. 

 

b. Computational Methods 

The simulations were performed with molecular simulator Hyper Chem (HC). (Hyper Chem. 

Hypercube, MultiON for Windows. Serial #12-800-1501800080. MultiON. Insurgentes Sur 

1236 - 301 Tlacoquemecatl Col. del Valle, Delegación Benito Juárez, D. F., México CP. 

03200). 

 

The computational model was; HC Semi-Empirical Parameterized Model number 3 (SE-

PM3) to draw the corresponding molecules. These were then processed using SE-PM3. The 

geometry was optimized with the Polak Ribiere method. The computational quantum 

chemistry variables were then calculated: HOMO-LUMO, BG, EP and other properties, 

resulting in a Tab-delimited Table for BG and EP. 

 

The specific parameters selected for each of the simulations were as follows: SET UP. Semi- 

Empirical Method: PM3. Semi-Empirical Options: Charge and Spin. Total Charge 0. Spin 

Multiplicity 1. SCF Control. Converge limit 0.01. Interaction limit 1000. Accelerate converge 
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Yes. Spin Pairing Lowest. Overlap Weighting Factors Sigma-Sigma 1, Pi-Pi 1. 

Polarizabilities do not calculate. 

 

Computation 1. Geometry Optimization. Algorithm Polak Ribiere (conjugate gradient). 

Options Termination conditions. RMS gradient of 0.1 kcal/mol or 1000 maximum cycles. In 

vacuo yes. Screen refresh period one cycles. 

 

Computation 2. Orbitals. Plot Orbital Options Isosurface Rendering. Orbital Contour Value 

0.05. Rendering Wire meshes Isosurface Grid. Grid meshes size Coarse. Grid layout Default. 

Gird contour Default. Transparency level Default. 

 

Computation 3. Plot Molecular Graphs. Plot Molecular Options. Molecular Properties. 

Properties. Electrostatic Potential Yes. Representations. 3D Mapped Isosurface. Grid Mesh 

Size Coarse. Grid layout Default. Contour gird Default. Isosurface Rereading. Total Charge 

Density Contour Value (TCDCV) 0.015. Rendering Wire mesh. Transparency level Default. 

Mapped Options Functions Default. 

 

c. Formulas 

The calculations were based on ETC theory.
[32]

 This theory is calculating the ratio of dividing 

the BG / EP. This ratio indicates the multiples of the EP that the electron jumps its BG. 

    (1) 

                     

The EP is equal to the absolute value of the difference (E+) – (E-). 

   (2)       

                                                                                           

The BG is equal to the absolute value of the difference (HOMO) – (LUMO)
[32-34]

 (Perez, 

2014; Gonzalez-Perez, 2015). 

   (3)                                                                                                                          

 

III. RESULT AND DISCUSSION 

Table I shows the electronic interactions between molecules of the same chemical species 

sorted by ETC column. This order indicates the stability of substances. The interaction I is 

the most stable, and interaction VII is the least stable (Figure 2).  
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FIG. 2. This figure shows the interaction between two molecules of Nic. The electrons 

flow from HOMO located in the ring of five atoms to the LUMO situated in the ring of 

six atoms. It is the most unstable or more reactive of all substances are shown in     

Table I. 

 

The reactivity is in the opposite direction. From the least to ETC = 32.594 are the highest 

among all substances in Table I. This interaction VII belongs to the Nic. Therefore, the order 

of the ETCs indicates that the Nic attacks anyone of nitrogenous bases. 

 

Table I. Electronic interactions between molecules of the same chemical species.
 

Interaction 

number 

Gives 

Electron 

cloud 

Get 

Electron 

cloud 

HOMO 

(eV) 

LUMO 

(eV) 

BG 

(eV) 

E- 

(eV/a
0
) 

E+ 

(eV/a
0
) 

EP 

(eV/a
0
) 

ETC 
a
 

 

I G G -8.537 -0.206 8.331 -0.150 0.172 0.322 25.872 

II C C -9.142 -0.344 8.799 -0.174 0.161 0.335 26.265 

III U2 U2 -9.910 -0.415 9.495 -0.147 0.202 0.349 27.208 

IV A A -8.654 -0.213 8.441 -0.140 0.156 0.296 28.518 

V T T -9.441 -0.475 8.966 -0.123 0.169 0.292 30.707 

VI U1 U1 -9.710 -0.511 9.200 -0.126 0.171 0.297 30.975 

VII Nic Nic -9.190 0.100 9.289 0.125 -0.160 0.285 32.594 
a 
The ETC is considered dimensionless. Energy unit is the electron volt (eV). 

The unit of Electrostatic Potential is (electron - volt) / Angstroms.                                                                    

 

Table II shows the interactions of cross-bands of the nitrogenous bases. It is sorted by the 

ETC values (last column). It was according to the Lane prediction.
[20]
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Table II. Electronic interactions between molecules nitrogenized bases. Cross band. 

Interaction 

number 

Gives 
a
 

electron 

cloud 

Get 
b
 

electron 

cloud 

HOMO 

 

LUMO BG E- E+ EP ETC 

1 G U2 -8.537 -0.415 8.122 -0.150 0.202 0.352 23.074 

2 C U2 -9.142 -0.415 8.728 -0.174 0.202 0.376 23.212 

3 A U2 -8.654 -0.415 8.240 -0.140 0.202 0.342 24.092 

4 G U1 -8.537 -0.511 8.026 -0.150 0.171 0.321 25.003 

5 C U1 -9.142 -0.511 8.632 -0.174 0.171 0.345 25.019 

6 C T -9.142 -0.475 8.668 -0.174 0.169 0.343 25.270 

7 G T -8.537 -0.475 8.062 -0.150 0.169 0.319 25.273 

8 C G -9.142 -0.206 8.936 -0.174 0.172 0.346 25.827 

9 G G -8.537 -0.206 8.331 -0.150 0.172 0.322 25.872 

10 A U1 -8.654 -0.511 8.144 -0.140 0.171 0.311 26.185 

11 C C -9.142 -0.344 8.799 -0.174 0.161 0.335 26.265 

12 G C -8.537 -0.344 8.193 -0.150 0.161 0.311 26.345 

13 A T -8.654 -0.475 8.180 -0.140 0.169 0.309 26.471 

14 C A -9.142 -0.213 8.929 -0.174 0.156 0.330 27.058 

15 A G -8.654 -0.206 8.448 -0.140 0.172 0.312 27.078 

16 G A -8.537 -0.213 8.324 -0.150 0.156 0.306 27.202 

17 U2 U2 -9.910 -0.415 9.495 -0.147 0.202 0.349 27.208 

18 A C -8.654 -0.344 8.311 -0.140 0.161 0.301 27.610 

19 T U2 -9.441 -0.415 9.026 -0.123 0.202 0.325 27.773 

20 U1 U2 -9.710 -0.415 9.296 -0.126 0.202 0.328 28.340 

21 A A -8.654 -0.213 8.441 -0.140 0.156 0.296 28.518 

22 U2 U1 -9.910 -0.511 9.399 -0.147 0.171 0.318 29.558 

23 U2 T -9.910 -0.475 9.435 -0.147 0.169 0.316 29.859 

24 T U1 -9.441 -0.511 8.930 -0.123 0.171 0.294 30.375 

25 U2 G -9.910 -0.206 9.704 -0.147 0.172 0.319 30.420 

26 T T -9.441 -0.475 8.966 -0.123 0.169 0.292 30.707 

27 U1 U1 -9.710 -0.511 9.200 -0.126 0.171 0.297 30.975 

28 U2 C -9.910 -0.344 9.567 -0.147 0.161 0.308 31.061 

29 T G -9.441 -0.206 9.235 -0.123 0.172 0.295 31.305 

30 U1 T -9.710 -0.475 9.236 -0.126 0.169 0.295 31.307 

31 U1 G -9.710 -0.206 9.504 -0.126 0.172 0.298 31.894 

32 U2 A -9.910 -0.213 9.697 -0.147 0.156 0.303 32.004 

33 T C -9.441 -0.344 9.098 -0.123 0.161 0.284 32.033 

34 U1 C -9.710 -0.344 9.367 -0.126 0.161 0.287 32.637 

35 T A -9.441 -0.213 9.228 -0.123 0.156 0.279 33.076 

36 U1 A -9.710 -0.213 9.497 -0.126 0.156 0.282 33.679 

   
a
These substances are reducing agents because they are oxidized.

  

b
These substances are oxidizing agents because they are reduced.  

This table includes Table I (Does not include Nic:Nic). 
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The lower ETC = 23.047 belong to the interaction G:U2. This interaction is a mispair 

occurring DNA or RNA. G:U1 or G:U2. These Mispairs are removed from DNA by uracil-

DNA glycosylase (UDG).
[15, 16, 35]

   UDG is highly specific for U and shows no activity 

towards any other base.
[14, 35]

 Specifics for U and shows no activity towards any other 

base.
[14,35]

  

 

The biggest ETC = 33.679 belongs to the interaction, U1:A, and not presented naturally to the 

DNA or RNA. 

 

In general, the base pair partner of the U is not recognized, and the enzyme also acts on A:U 

base pairs that arise through misincorporation during DNA replication.
[17, 35]

 Furthermore, we 

can speculate that the small differences between the bases ETCs indicate that the probability 

of unwanted combined pairs of both DNA and RNA are high. Therefore, mutations are very 

likely in different directions of flow of electrons.   

 

Table III shows the possible “allowed interactions” between the nitrogenous bases in DNA 

and RNA. The difference between ETCs interactions cross bands is minuscule. This 

observation leads us to believe that any of them occurs easily and reaffirms the formation of 

hydrogen bond of low energy.  

 

The ETC = 24.092 corresponding to the interaction A:U2 is the lowest of the table. This 

lowest ETC means that is the most likely to occur under these conditions. 

 

Table III. The possible wanted to combine pairs interactions between the nitrogenous 

bases in DNA and RNA. 

Interaction 

number 

Gives Electron 

cloud 

Get electron 

Cloud  

HOMO LUMO BG E- E+ EP ETC 

3 A U2 -8.654 -0.415 8.240 -0.140 0.202 0.342 24.092 

8 C G -9.142 -0.206 8.936 -0.174 0.172 0.346 25.827 

10 A U1 -8.654 -0.511 8.144 -0.140 0.171 0.311 26.185 

12 G C -8.537 -0.344 8.193 -0.150 0.161 0.311 26.345 

13 A T -8.654 -0.475 8.180 -0.140 0.169 0.309 26.471 

32 U2 A -9.910 -0.213 9.697 -0.147 0.156 0.303 32.004 

35 T A -9.441 -0.213 9.228 -0.123 0.156 0.279 33.076 

36 U1 A -9.710 -0.213 9.497 -0.126 0.156 0.282 33.679 

This table was extracted from Table II. 

 

Table IV shows the lowest energy interactions of the four hydrogen bonds of the nitrogenous 

bases in DNA and RNA. The difference between the highest and the lowest value for the 
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ETCs in Table 4 is 2.38; this means that any one of them is given with relative ease. The 

interactions 3, 10 and 13 show the best affinity of the A for the U2 and U1 than the T. 

 

Table IV. The lowest energy interactions of the four hydrogen bonds of the nitrogenous 

bases in DNA and RNA. 

No. Reduction Agent Oxidant Agent ETC 

3
b
 A U2 24.09 

8
a
 C G 25.83 

10
b
 A U1 26.19 

13
a
 A T 26.47 

a 
The Interactions of lower energy (more stable) for the DNA. 

b 
The Interactions of less energy (more stable) for the RNA. 

This table was extracted from Table III.  

 

Table V shows the interactions of Nic with nitrogenous bases in cross bands. The ETC = 

24.09 (Table IV.A:U2) and ETC = 24.240 of (Table V. N:U2) are nearly equal. This 

comparison indicates that the Nic competes with A by U2 (figure 3). This competition allows 

Nic can be confused with the A. The probability of that this confusion causes a mutation, is 

very high. 

 

The ETC 26.19, (Table IV.A:U2) and ETCs 26.220, 26,489 (Table V. N:U1, N:T) are similar 

and can also cause confusion. 

 

Table V. Interactions of N with nitrogenous bases in cross bands 

Interaction 

Number 

Gives 

electron 

cloud 

Get 

electron 

cloud 

HOMO LUMO BG E- E+ EP ETC 

1 N U2 -9.190 -0.415 8.775 -0.160 0.202 0.362 24.240 

2 N U1 -9.190 -0.511 8.679 -0.160 0.171 0.331 26.220 

3 N T -9.190 -0.475 8.715 -0.160 0.169 0.329 26.489 

4 N G -9.190 -0.206 8.983 -0.160 0.172 0.332 27.058 

5 N C -9.190 -0.344 8.846 -0.160 0.161 0.321 27.557 

6 N A -9.190 -0.213 8.976 -0.160 0.156 0.316 28.407 

7 C N -9.142 0.100 9.242 -0.174 0.125 0.299 30.910 

8 G N -8.537 0.100 8.637 -0.150 0.125 0.275 31.406 

9 N N -9.190 0.100 9.289 -0.160 0.125 0.285 32.594 

10 A N -8.654 0.100 8.754 -0.140 0.125 0.265 33.035 

11 U2 N -9.910 0.100 10.010 -0.147 0.125 0.272 36.802 

12 T N -9.441 0.100 9.541 -0.123 0.125 0.248 38.472 

13 U1 N -9.710 0.100 9.810 -0.126 0.125 0.251 39.085 
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FIG. 3. In this figure the smallest value for all bands of the N interactions with U2 

shown (24.240).  

 

This interaction is the most likely path for electron flow. 

 

In general, it can be inferred that Nic can be confused with the A during the genesis of RNA. 

It is noted that the Nic gives an electron cloud in the same way as A. This reaffirms the 

confusion between Nic and A in the genesis of RNA. The same phenomenon is observed in 

the opposite reaction, i.e. when the Nic direction acts as oxidizing agent. The interactions 10, 

11, 12 and 13 of Table V confirm this supposition. These interactions are the less likely, by 

the high ETCs present in each of them. In even more general form, the A may be confused 

with Nic as reducing agent, and an oxidizing agent, i.e., in both directions (Figure4). 

 

 

FIG. 4. This figure shows the interactions of the U:A similar to U:Nic. 

 

ETCs difference between (a) and (b) is 0.035. 

The ETCs difference between (c) and (d) is 0.148.  
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The probability of the U forms hydrogen bond with Nic is very high because their cross ETCs 

have a small difference. 

 

IV. CONCLUSIONS 

We calculated the electronic interactions between molecules of the same chemical species of 

Nitrogen bases or DNA and RNA. The interaction G:G is the most stable (ETC = 25.872) of 

all (Table I) in concordance with the research by Lane.
[20]

 The interaction Nic:Nic is the least 

stable (ETC = 32.594). Because of this instability, the interaction Nic:Nic is the highest and, 

Nic can attack anyone of nitrogenous bases. 

 

We calculated the interactions of cross-bands (36, Table II) of the nitrogenous bases. This 

calculation was according to with the Lane prediction in 1995.
[20]

 We observed the lower 

ETC = 23.047 belongs to the interaction G:U2. This interaction is a mispair occurring DNA 

or RNA.  

 

On the other hand, the interactions in Table IV show the best affinity of the A for the U2 and 

U1 than the T. 

 

As the principal contribution of this study, it can be inferred that N can be confused with the 

A in the genesis of RNA. Because the similar value of ETC (24.092 and 24.240) of pair A:U 

and Nic:U. with Nic giving an electron cloud similarly to A.  

 

The same phenomenon is observed in the opposite reaction when the Nic direction acts as 

oxidizing agent. The interactions 10, 11, 12 and 13 of Table V confirm this supposition. 

These interactions are the less likely, by the high ETCs.  

 

In even more general form, the A may be confused by U1 and U2, with Nic as reducing 

agent, and an oxidizing agent in both directions. 

 

With these findings, another avenue to explain the oncogenic and mutagenic effects of Nic on 

the human body are proposed in conjunction with the novel ETC method. 
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