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Abstract 
         Many disease treatments have used synthetic neurotransmitter drugs. This kind of drugs attaches 
and submits electrochemical messages to receptors to trigger downstream cascade for treatment 
propose. Docking experiment of drugs to their receptors in patients is not facile; spend both time and 
money; moreover it is also dangerous. 
          The advantages of computational simulation are inexpensive and obviously safety. This work 
utilizes engineering methodologies and analyses with AutoDock4 software and mathematical model to 
study docking of Dobutamine on the β1-adrenergic receptor. As a result of the injection of Dobutamine 
and the uptake of Dobutamine by the patients, the patients’ heart rate increased. Dobutamine attached to 
the sinoatrial (SA) node cells at particular sites on the membrane surface. These sites are known as β1-
adrenergic receptors. As there are no experimental results available for this docking procedure this work 
describes the calculations involved in estimating the energies and possible positions of docking. The 
minimum total energy from prediction of energies is 10.49 kcal/mol and all binding lengths of possible 
positions of docking are less than 2.5 Å. Understanding docking of drugs on their receptors not only 
raising inquiring questions about problems, but is also leading to the improvement of strategies to treat 
the patients. 
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1. Introduction 
Dobutamine is a sympathetic nervous system 

drug used for treating people who have problems 
with heart failure and cardiogenic shock. 
Dobutamine (C18H23NO3), has a 2 minute half-life 
in the human body, and is a drug that provides 
direct stimulation to the β1-adrenergic receptor. 
However Dobutamine also has a small effect in 
the stimulation of β2 and α1 receptors. The 

average molecular weight and monoisotopic 
molecular weight of Dobutamine is 301.3801 and 
301.1678. The docking of Dobutamine to these 
receptors occurs at the SA node cell wall that is a 
small mass of specialized tissue located in the 
right atrium of the heart. 

Beta receptor is a class of G-protein-coupled 
receptors.  There are three known types of beta 
receptor, β1, β2, and β3. β1-adrenergic receptors 
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(ADRB1) are located mainly in the heart and in 
the kidneys.  

 
 
 
 
 
 

Fig. 1 The chemical structure of Dobutamine 
 

2. Using AutoDock4 
The AutoDock4 software, free available 

software under the GNU General Public License, 
is designed to predict the interaction of the ligand 
to a set of grids describing the target protein. 
AutoDock4 has been widely used in many 
academic, governmental and non-profit 
institutions around the world because AutoDock4 
not only save times and cost in managing the 
experiments but also provides high quality 
predictions. To utilized AutoDock4 software 
calculated, there are several performed in four 
major steps: preparation of coordinate, 
precalculation of atomic affinities, docking of 
ligands, and analysis of results.  

In coordinate preparation step, the Protein 
Data Bank (PDB) of the ligand and the target 
protein are used. The extended PDB format 
provides standard representation for 
macromolecular structure data that includes polar 
hydrogen atoms, but not hydrogen atoms bonded 
to carbon atoms. AutoDock4 software converts 
PDB format to PDBQT coordinate files including 
atomic partial charges, atom types and 
information on the torsional degrees of freedom.  

The pre-calculation of atomic affinities step, 
involves using the AutoGrid procedure whereby 

the protein is embedded in a three-dimensional 
grid and a probe atom is placed at each grid 
point. The energy of interaction of this single 
atom with the protein is assigned to the grid point. 

The docking of ligands step is carried out 
using one of several search methods. The most 
efficient method is a Lamarckian Genetic 
Algorithm (LGA), For typical systems, AutoDock is 
run several times to obtain several docking 
conformations Analysis of the predicted energy 
and the consistency of results are  combined to 
identify the best solution. 

The last step involves the analysis of results. 
AutoDockTools includes a number of methods for 
analyzing the results of docking simulations. 
These include tools for clustering results by 
conformational similarity, visualizing 
conformations, visualizing interactions between 
ligands and proteins, and visualizing the affinity 
potentials created by AutoGrid. 

Each docking by AutoDock4 requires at least 
four input files. (1) a PDBQT file for the ligand, 
dobutamine data file from PDB file, (2) a PDBQT 
file for the receptor, β1-adrenergic receptor data 
file from PDB file, (3) a grid parameter file (GPF) 
for the AutoGrid calculation, and  (4) a docking 
parameter file (DPF) for AutoDock4 calculation. 
 

3. Docking Positions of Dobutamine Atoms 
The results for docking of Dobutamine into 

the β1-adrenergic receptor by the AutoDock4 
program are given in terms of ten interactions. 
The possible docking positions of the dobutamine 
atoms specified in cartesian coordinates. Docking 
is assumed to be assured when the length 
between bonded atoms is less than 2.5 x 10-10 m. 
That is if the Dobutamine atom is length within 
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2.5 x 10-10 m of the atoms of β1-adrenergic 
receptor, then bonding is assumed to have taken 
place. Therefore, the nearest atom between the 
β1 receptor and each atom of Dobutamine can be 
calculated from 

 
222

min )dzb(z)dyb(y)dxb(xd −+−+−=    (1) 

Where as dmin is the least distance between 
Dobutamine and β1 receptor atom, ),,( bbb zyx  is 
the position of β1 atom, and ),,( ddd zyx  is the 
position of Dobutamine atom.  

In all cases the Dobutamine had at least one 
O-bond connected to the β1-adrenergic receptor.  
The result of the calculated docking positions for 
Dobutamine is shown in figure 3. The most likely 
configurations of all ten possible docking positions 
are the first and the fourth docked positions, 
figure 3, involving 3 O-bonds on the β1-adrenergic 
receptor.   

4.Docking of Dobutamine onto the Sinoatrial 
Node Model 

There are five possible sites on the 
Dobutamine molecule that docking can occur. 
The motion of the Dobutamine from the blood to 
the cell membrane was analyzed in three scales. 
The flow in the region most distant from the 
surface was a continuum region, the interaction at 
the blood cell size level was a Monte Carlo 
process and the interactions with the receptors 
was undertaken using a direct simulation method 
known as molecular dynamics. 

4.1. Continuum Scale 

The two dimensional Navier Stokes equation 
is  
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The blood flow velocity closest to the 

membrane was used as the bulk flow input to the 
blood cell scale calculation.  

4.2. Blood Cell Scale 

The Monte Carlo method was used. The 
blood is considered to be composed of water, 
erythrocyte, albumin, angiotensin II and 
Dobutamine. The solution starts with the Landau 
equation which in the test particle form below has 
been described as a generalized diffusion 
equation in velocity space, Chandrasekhar, (1942). 
Expressed in a non-dimensional form it becomes 

 
)φT.F(φ rssrvτ r

∂+−∂=∂ 50       (3) 

 
where φ is the velocity distribution, 
the rv differentiation is with respect to non-
dimensional velocity  kTv 2/ , subscript τ is 
differentiation with respect to the non-dimensional 
time defined below. 
 

     rr G(v)vvF 18 −−=                  (4)   
                 

srrsrs vE(v)vvH(v)δvT 31 22 −− +=      (5) 
 

and H, G and E are tabulated  Chandrasekhar, 
1942 [1]. The non-dimensional [2] time is Balescu 
1975 
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where m is the mass, n the number density, 

β =1/kT and B is defined as 
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The movement of the blood components 

assumes they are sufficiently far apart so that 
collisions between the components will not occur. 
This is the usual assumption made for the 
application of the Landau equation. Under these 
circumstances the force on an ion will consist of a 
drag due to G(v) and a random force due to H(v).  
The time scale is as defined in equation (6). 

4.3. Molecular Dynamics Scale 

The interaction time scale is as defined in 
equation (7). The convective step is then 
implemented. This is achieved by choosing a 

short length of time ΔT. The particles then move 

with the velocity v attained at the end of time ΔT 
for a distance vΔT. New cells are then formed and 
the process repeated. The boundary conditions 
as described above are applied at the end of 

each time step ΔT. The value of ΔT was 
determined as follows [3]. Within a cell containing 
N particles the particle with the largest total 
interaction cross section σi is chosen for collision 
where  
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The cross section is very difficult to calculate 
in the present case as the particles are so large. 
Thus two possible interactions were considered. 
In one case the particles were considered to carry 
a charge and the collision cross section σoij is 
given in terms of the deflection angle χm. In the 
other case the particles were considered to be 
hard spheres. The two cases were compared to 
judge the importance of the cross sectional 
approximation. The procedure then continues by 
choosing two colliding particles and time t 
calculated by 

 

N
nt
i

i σ
ξ ×−=                    (9) 

 
Where ξ is a random number between 0 and 

1, n is the number of molecules in the cell, N is 
the number density. This process is repeated for 
all cells. The geometry for the calculation of the 
diffusion of the Dobutamine in the sinoatrial node 
is complex as shown in figure 2 from [4].  

 
 
 
 
 
 
 
 

Fig.2 Sinoatrial node histologic section [4] 

 
The arrows point to capillaries. The length of the 
centre arrow is approximately 50 μm long.  The 
distance between the capillaries is then 48μm 
and 81μm. An accurate calculation of a docking  
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Table.1 Minimum distance docking of dobutamine atom on β1 receptor 
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process would require detailed knowledge 
concerning the cell structure, the location of the 
interstitial fluid, the capillary lengths, the number 
of capillaries normally active etc. Within the limits 
discussed below the diffusion equation (9) can be 
approximately solved. 
 

x
CD

t
C NN

2

2

∂
∂

=
∂

∂                  (10) 

 
Although the diffusion process is three 

dimensional [5], due to the uncertainties in the 
present case only a one dimensional solution will 
be considered. The molecular dynamics region 
was the region above the surface and below the 
Monte Carlo region. The β1-adrenergic receptor 
molecule raises approximately 50Å above the cell 
surface. Thus the lower surface of the Monte 
Carlo region was placed at 57Å above the cell 
surface. If a Dobutamine molecule entered the 
molecular dynamics region it was allowed to 
proceed at its current velocity to the cell surface. 
The density of β1-adrenergic receptors of β1-
adrenergic receptors was obtained from [6] as 7.7 
pmol/mL. Assuming that 30% of the receptors 
would be activated at a given time a random 
number was generated and if it was greater than 
the probability of hitting a receptor a collision was 
considered to occur. An arbitrary impact 
parameter was chosen for the Dobutamine 
molecule as well as an arbitrary rotational angle. 
The molecule was then allowed to proceed 
through the molecular dynamics region until it 
intercepted the receptor.  

 
 

 
 
 
 
 
 
 
 

Fig.3 Docking of Dobutamine onto the SA Node 
Model 

If the appropriate atoms on the Dobutamine were 
within 3Å of a docking site, as shown in table 1, 
then a docking was considered to occur. At this 
time the receptor was removed from the cell as 
thus the density of receptors in the cell was 
reduced. New Dobutamine molecule was 
introduced at the midpoint of the region of interest.  

5. Docking of Dobutamine Model Result 

 The docking of Dobutamine model was 
undertaken for four different dosages of 
Dobutamine 10, 20, 30, and 40 mics. Because 
this model required extensive CPU time, each 
simulation dosage was run until 200 molecules of 
Dobutamine docked into the β1-adrenergic 
receptor. This was considered sufficient time as 
based on the dosage time probably the 
Dobutamine would be released by the receptor in 
this time. All dosages results look like the linear 
curve are linear except 10 mics. For 10 mics 
dosage, the curve is beginning to look 
exponential. If simulated this model long enough 
all curve should be exponential. 
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Fig.4 Number of Dobutamine molecules with time 

6. Conclusion 
The locations of dobutamine atoms that 

docked into the β1-adrenergic receptor were found 
by the AutoDock4 software. The best position for 
docking is the lowest free energy level. The data 
from AutoDock4 software results corresponding to 
the pairs of bonding atoms were used as the 
parameters for simulation docking of dobutamine 
model. The quantity of dobutamine molecules 
docking for each dosage as a function of time 
period was determined using the procedures 
described above. 
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