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Abstract — Enzymes can only react with specific substrates that 
enter their active sites. However, daily observations lead us to 
conclude that substrates find their target enzymes in a matter of 
minutes upon being accepted into the body. To explain how 
substrates are able to find enzymatic active sites in such an 
efficient manner, it was hypothesized that enzymes would have 
higher fractal dimensions in regions adjacent or leading to their 
active sites. This followed from the conjecture that high-fractal 
surfaces would have higher interactivity with surrounding 
solvent. Three PDB files were extracted from the RSCB Protein 
Data Bank and each was divided into 1,000 cuboid regions. The 
fractal dimensions of each of these regions were calculated and 
visualized. The visualizations illustrated that enzymatic 
regions leading into the active site had high fractal dimensions, 
while regions adjacent to the active site were observed to not 
necessarily have high fractal values. 
 

I. BACKGROUND INFORMATION 
Fractals are self-similar shapes i.e. shapes in which the same 

pattern repeats itself on smaller scales. Proteins were found to 
exhibit similar, self-affine qualities i.e. protein surfaces have 
fractal dimensions. The fractal nature of proteins can help us 
understand the connection between their macroscopic 
characteristics and atomic interactions [1]. 

II. METHODS 
PDB files—files containing the structural information of 

proteins—were obtained from the RCSB Protein Data Bank. 
Visualizations and molecular analysis was done with Chimera, 
and additional refinement algorithms were coded using Wolfram 
Mathematica. 

The PDB files of the following enzymes were analyzed: 

1. Carbonic Anhydrase (1CA2): As a diffusion-limited enzyme, 
carbonic anhydrase was chosen to represent enzymes that 
have high turnover numbers. 

2. Bovine Liver Rhodanese (1RHD): Another enzyme with a 
relatively high turnover number, bovine liver rhodanese was 
chosen to be compared with carbonic anhydrase. Also, 
rhodanese’ substrate cyanide is highly soluble, thus its 
movement is well approximated by the solvent. 

3. Porcine Pancreatic Elastase (3HGN): Porcine pancreatic 
elastase clips amino acids within the pancreas. Transport 
through water being an essential to this enzyme, it was 
deemed that porcine pancreatic elastase’s fractal structure 
might shed light on the relationship between the fractal 
dimensions of molecular surfaces and the flow of solvent. 

They will now be referred to using the PDB ID codes indicated 
in parentheses above. 

Coordinates of atoms part of the enzyme were extracted from 
each PDB file. These extracted structures were dissected into 1,000 
similar cuboid regions, which were recorded into separate PDB 
files. The fractal dimension of each of these enzyme regions, which 

now had corresponding PDB files, were calculated using the following 
equation [2]: 

 df  = 2  – !"#$(&'&)
!"#$())

. (1) 

“SES” stands for the solvent excluded area of an enzyme, 
which is calculated by rolling a spherical probe over the enzyme’s 
surface; “r” is the radius of this probe in angstroms (100 pm.) 

Molecular surfaces were designated “fractal indices,” values 
proportionate to the squared values of the surfaces’ fractal 

dimensions. These values were recorded onto each enzyme’s PDB 
file and color-coded using Chimera. All molecular surfaces were 
created using a probe with a radius of 80 pm. 

Markers of active sites were assigned unrealistically high 
fractal indices, and thus colored purple. The location of the zinc 
atom was used as a marker for the active site of 1CA2; S-
Mercaptocysteine, 1RHD [4,5]; FRW, 3HGN. 

III. DATA ANALYSIS 

 

Figure 2. Visualization with Downward Increasing Spectrum 

 

Figure 1. Molecular Surfaces [3] 

 

Figure 3. 1CA2 
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     The zinc atom indicating 1CA2’s active site is located in a big 
cavity. The fractal indices of the surfaces within this cavity—that 
is, adjacent to the active site—are around 40, similar to the mean 
fractal index for the whole protein (Figure 4). In addition, there 
are high-fractal pathways with indices 40.5 to 41 leading into this 
cavity (Figure 3). 

The active site of 1RHD is also inside a cavity, albeit smaller 
than that of 1CA2. The fractal indices of these areas within the 
cavity active site are relatively low, 38-39 (Figure 5). The mean 
fractal index for 1RHD is 40.04. 

 

As was the case with 1CA2, solvent seems to be attracted by 
high-fractal regions that extend along the outer surface of the 
enzyme. These high-fractal surfaces would lead the solvent to the 
cavity, which holds the active site. Figure 6 explicitly illustrates 
such pathways (fractal indices around 41) that lead substrate-
carrying solvent to the active site. 

For 3HGN, high-fractal regions are encrusted inside the 
enzyme in areas adjacent to the active site. The visualizations 
illustrate the fractal values gradually getting higher as they 
approach the FRW inhibitor (Figure 7).  

Since FRW is an inhibitor, we can expect it to block pathways 
leading to the active site. Thus, it makes sense that the high-fractal 
pathways in Figure 7 are blocked by FRW before reaching the 
active site. Without the inhibitor, the solvent would be able to 
reach the active site by following these high-fractal paths. 

IV. RESULTS AND DISCUSSION 

Analysis of 3 PDB structures and their regional fractal 
dimensions has illustrated that enzymatic regions leading to 
active site have relatively higher fractal dimensions. Areas 
adjacent to active site had a variety of fractal values.  

The observational study was conducted using static PDB 
structures. Running Molecular Dynamics (MD) Simulations may 
present a more detailed picture of a protein’s fractal structure and 
the movement of surrounding solvent in a physiological 
environment. This can provide deeper insight into the 
relationship between fractal structures and solvent flow. Such 
knowledge can be used in drug development as diseases such as 
cancer spread through the body by following the flow of solvent 
much like enzymatic substrates do. 
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 Figure 4. 1CA2 

 

Figure 5. 1RHD 

 

Figure 6. 1RHD 

Figure 7. 3HGN 
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