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Abstract 
Biomolecules have complex shapes and quantification of complex random shapes poses difficulties as they 
cannot be modeled using Euclidian geometry. We used box counting technique and the concept of fractals and 
fractal geometry for the purpose of quantification of complexity of shape and structure associated with shape of 
large biomolecules using their project in two dimensions. For this purpose two colour bitmap of two 
dimensional projection of wire-frame of biomolecules is used and box counting technique is implemented for 
quantifying the complexity of shape and structure. It is demonstrated that the concept of fractals and fractal 
dimension can be used for quantification of complex structures like biomolecules or porous materials. Details 
are presented and findings discussed. 
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1. Introduction  

The task of investigation of complex biomolecules is 
challenging as these molecules have more than tens 
of thousands of atoms and thus that many bonds and 
related complex structure. Large molecules like 
proteins and enzymes have an involved structure 
with associated complexity of shape and structure. 
Vijay Natrajan et al[1]. discussed the significance of 
study of shapes of biomolecules also it is relevant 
from the point of view of docking and other 
properties like hydrophobicity and hydrophilicity[2]. 

With the advancement in technology and availability 
of sophisticated instrumentation and new 
computational techniques, the most important area 
of life sciences i.e. the biotechnology has seen new 
horizons. Never before techniques have been evolved 
and deeper insight into phenomena could be realized 
that revolutionized the field of healthcare and 
medicine. Newer and potential biological techniques 
are made available in a variety of forms, this was a 
result of rapid research in the field of microbiology, 
bioinformatics etc. These days almost all new 
techniques rely, one way or the other on computers, 
microcontrollers or advanced electronics.  

Fractal geometry [3 to 5] is a branch of science and 
technology that proved to be very useful in 

characterizing complex shapes and structures where 
other techniques are either insufficient or fail to yield 
reliable results. We tried to use the concept of 
fractals and fractal dimension [6, 7] to characterize 
the complex shapes of biomolecules using a simple 
approach employing the two dimensional projection 
of the shape of biomolecules.  

2. Methodology: 

For the purpose of characterization of complex 
shapes of biomolecules we used a technique of 
extracting a two dimensional projection of 
biomolecule. Standard biomolecules and their details 
of chains and sequences are available in the form of 
open source data bases at number of places[8–10]. 
These data bases of desired molecules can be 
downloaded and visualized in three dimensions using 
rendering software like arguslab, rasmol, raswin etc 
[11, 12]. These are open source freeware applications 
made available by institutions and agencies for public 
use. Online tools for rendering and some standard 
data processing are also available [13].  

The 3-D structure of large molecules result in highly 
complex structures and the .PDB file for the 
molecules contains x, y and z coordinates of each 
atom. Reconstruction of the entire 3D structure of 
the molecule and implementation based on occupied 
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cells is tedious task. The task is much simplified if the 
projection is obtained in 2D and the structure 
analyzed using box-counting, this can be used for 
comparison of relative complexity of molecules. 
However absolute quantifications would demand for 
3D analysis of the molecule. The two dimensional 
projection of the biomolecule is obtained by 
rendering the molecule of interest in a suitable 
software and capturing the view of the molecule 
from certain angle. These images are stored in an 
image or picture file, preferably in bitmap file with 
.BMP extension. These images are then converted 
into two colour bitmap images that can be used by 
other software for further analysis. We developed 
programs for reading the two colour bitmap images 
and converting them into a matrix form that is 
representative of that image. Box counting algorithm 
is implemented on this matrix representing the 
biomolecule. The program used boxes of different 
sizes (r) and scans the whole image to find out the 
number of boxes required (N) to completely cover 
the image. This process is repeated for different 
selected sizes of boxes and the results are recorded 
into a text file in the form of table of r, N, log(r) and 
log (N). Most of the naturally occurring shapes and 
patterns exhibit Self-similarity and scale invariance 
[14–16], almost all the molecules exhibit self 
similarity and scale invariance over certain range of 
scale. 

To establish scale invariance a graph is plotted using 
log (N) at the y-axis and log(r) on the axis of x. The 
presence of Self-similarity is ascertained from the 
resulting graph. If the power law holds and scale 
invariance is present, the resulting graph is a straight 
line. Slope of this straight line gives the power law 
exponent from which the fractal dimension can be 
found. The power law exponent or the fractal 
dimension is related to the degree of complexity of 
structure and texture associated with the pattern 
under study [17, 18]. A higher fractal dimension 
implies a higher level of complexity associated with 
the shape and a lower fractal dimension corresponds 
to a lower degree of complexity. Thus the fractal 
analysis of the pattern i.e. two dimensional 
projection of the image of a complex biomolecule[19 
to 21] reveals the associated degree of complexity of 
shape quantitatively and from the fractal dimension 
or the power law exponent information related to the 
complexity of shape can be derived. 

Rendering of three typical biomolecules used i.e. 
3BA8, 4HK4 and 3RIR are shown in the form of ball 
and stick in figure 1, 2 and 3. 
 

 
 

Figure 1: Enzyme 3BA8 that is a relatively large 
molecule and is displayed in Ball and Stick form. 

 

 
 

Figure 2: Enzyme 4HK4 that is a relatively small 
molecule and is displayed as Ball and Stick. 
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Figure 3: Enzyme 3RIR that is a relatively large 
molecule and is displayed as Ball and Stick. 

 
Comparison of the three molecules in Fig. 1 to 3 
clearly indicate that the structure of the molecules is 
sufficiently complicated and the molecule in Fig. 1 
and 3 are relatively bigger in size in terms of physical 
size and number of atoms contained in, this is also 
evident from sizes of balls displayed. To have a feel of 
the complexity of structure and shape of the 
molecules the three molecules rendered in the form 
of wire frame are shown in Fig. 4, 5 and 6. 
 

 
 

Figure 4: Enzyme 3BA8 showing wire frame for 
comparison with fig. 1. 

 
 

Figure 5: Enzyme 4HK4 showing wire frame for 
comparison with fig. 2. 

 

 
 

Figure 6: Enzyme 4HK4 showing wire frame for 
comparison with fig. 3. 

 
For better comparison Figure 1 and 4 have to be 
magnified or Figures 2 and 4 reduced in size (to make 
the balls look identical or the wire frame sides 
become equal) for comparison of Fig 1 and 2 or 3 and 
4. 

 Figure 4, 5 and 6 are the projections of the three 
molecules selected as seen from x direction i.e. 
projection on yz plane. For the three molecules, 
projections are obtained along x, y and z direction, 
i.e. in the yz, zx and xy planes respectively. The spatial 
distribution of atoms in the molecules varies from 
region to region and the associated complexity of 
shape varies. To demonstrate this, the complexity of 
structure and texture is studied in the three 
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directions and resulting fractal dimensions are 
compared. It is interesting to note that almost all the 
molecules possess fractal character exhibiting self 
similarity and scale invariance. All fractal shapes show 
self similarity and scale invariance which is found 
from the power law by using box counting technique. 
For the purpose of fractal analysis we implemented 
box-counting technique using the wire frames of the 
selected molecules that served as a two dimensional 
projection of the image of the skeleton of the 
molecule. This technique makes use of square boxes 
of different sizes (r) and scans the entire image to 
determine the total number of boxes (N) required 
covering the entire image. Computer programs are 
developed for the implementation of the box-
counting technique the program performs the entire 
work of counting the number of boxes required (N) 
using boxes of different sizes (r) and finally saves the 
results in a file in tabular form for further processing 
and analysis.  

To establish fractal character, using value of r and N 
from results of box counting a graph is plotted using 
log (N) on the y-axis and log(r) on the axis of x. If the 
power law is obeyed all the points lie along a straight 
line with a constant slope and the slope is the power 
law exponent. This also confirms the presence of self 
similarity and scale invariance. The presence of scale 
invariance provides the flexibility and freedom to use 
the images at a suitable (available) size thus it is not 
necessary to scale up or down the patterns to come 
to the same scale.  

Figures 7, 8 and 9 present the result box counting 
implemented to the images shown in Fig. 4, 5 and 6 
in the form of a graph of log(N) versus log(r). Figures 
4, 5 and 6 are the projections of the images of the 
three molecules (3BA8, 4HK4 and 3RIR respectively) 
on the yz plane. 

This plot shows if there is scale invariance and self 
similarity in the pattern. The presence of self 
similarity and scale invariance is indicated by the line 
joining these points. If the points lie along a straight 
line, power law is obeyed and Self-similarity and scale 
invariance is present.   

 
 

Figure 7:  Log (N) versus log(r) plot for pattern 
shown in Fig. 4. 

 

 
 

Figure 8:  Log (N) versus log(r) plot for pattern 
shown in Fig. 5. 

 

 
 

Figure 9:  Log (N) versus log(r) plot for pattern 
shown in Fig. 6. 
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Fig. 7, 8 and 9  are the log(N) versus log(r) plots for 
Fig. 4, 5 and 6, the data plotted is from actual results 
of box counting and the straight line joining these 
point is the least square fit straight line joining these 
points. It is clearly seen from the plots that all the 
data points lie along a straight line which is also seen 
from the value of R2 close to unity. The equation of 
the straight line best fitting the data points and the 
resulting value of R2 are also shown on the graph in 
the inset. From the equation of the straight line, the 
slope can be found which the power law exponent is 
showing scale invariance. 

Fractal dimension obtained from the slope of the 
straight line for molecule 3BA8 is 1.5524, that for 
4HK4 is 1.5536 and that for 3RIR is 1.5354. A higher 
fractal dimension indicated higher degree of 
complexity with the pattern, this implies that the 
complexity of shape associated with the patter for 
3BA8 and 4HK4 is more of less identical (as the fractal 
dimensions are close). The complexity of shape, 
structure and texture associated with shape of Fig. 6 
i.e. projection of 3RIR on the yz plane is much less as 
compared to the earlier two (3BA8 and 4HK4). 

For the sake of brevity all the tables and plots are not 
included and the findings are summarized in Table – 1 
below. This gives the slope of straight line of the 
power law plot, fractal dimension and the value of R2 
that indicates how good the fitting is. A value or R2 
closer to unity indicates a good fit, it is clearly seen 
from the table that all the values of R2 lie close to 
unity (greater than 0.99) indicating that the power 
law holds and the patterns are fractals with Self-
similarity and scale invariance.  

Table 1: 
 

Molecule Image Slope FD R2 

3BA8 
3BA8_X -1.5524 1.5524 0.9944 
3BA8_Y -1.5442 1.5442 0.9923 
3BA8_Z -1.5636 1.5636 0.9935 

4HK4 
4HK4_X -1.5536 1.5536 0.9944 
4HK4_Y -1.5515 1.5515 0.9937 
4HK4_Z -1.5574 1.5574 0.9941 

3RIR 
3RIR_X -1.5354 1.5354 0.9940 
3RIR_Y -1.5329 1.5329 0.9873 
3RIR_Z -1.5306 1.5306 0.9933 

 

Comparison of fractal dimensions from the table for 
different projections of the three molecules selected 
is found to change slightly from projection to 
projection.  
 

 
 

Figure 10: Comparison of Fractal dimensions of the 
nine images for the three molecules used. 

 

For the first two molecules, the fractal dimension is 
highest for the projection in the xy plane, next lower 
fractal dimension is for the yz plane and the lowest 
fractal dimension is found for the projection on the zx 
plane. Most of the molecules exhibit this character, 
however for the third molecule i.e. 3RIR it is seen that 
fractal dimension is highest for projection on the yz 
plane then comes the zx plane and the lowest value 
of fractal dimension is found for the projection on the 
xy plane. Of course these variations are marginal and 
much less than one percent and thus can be ignored 
in qualitative comparisons. Two examples of low 
complexity images are shown below, the box 
counting of these two patterns yields a fractal 
dimension of 1.365 and 1.871 respectively. 
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B 

Figure 11-A,B: Showing two patterns with different 
level of complexity. 

 
Pattern with lower complexity have lower fractal 
dimensions and those with higher complexity show 
higher fractal dimension. 

3. Conclusion 

Characterization of complex structures like those of 
porous materials and complex molecules in terms of 
morphology poses difficulties. We used a simple 
technique base on the concept of fractals and fractal 
dimensions for characterization of complex shapes in 
a quantitative manner. Box counting technique is 
implemented on two dimensional projections of 
three biomolecules with lot of complexity of 
structure and successfully demonstrated that the 
technique is capable of quantifying complexity of 
structure in such cases. We present results of 
characterization of irregular shape of three molecules 
using projections of the molecule structure on three 
planes i.e. xy, yz and zx planes. It is established that 
the shapes of these molecules are fractals and obey 
power law proving that the self similarity and scale 
invariance exists. It is also shown that the degree of 
complexity slightly varies from projection to 
projection. Table – 1 summarizes the fractal 
dimensions obtained for the three molecules using 
three projections.  

It is seen from Table – 1 and Fig. 10 that the molecule 
3RIR exhibits lower fractal dimensions ( in the range 
of 1.530 to 1.535) which is much lower as compared 
to the rest of the images. This is because of the fact 
that basically it is a molecule with limited features of 
shape associated with its structure. Work is in 

progress for implementation of 3D box counting of 
biomolecules and the findings are expected to 
provide a deeper insight into the shape, structure and 
texture of complex molecules. 
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