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Abstract: 

Alzheimer's disease (AD) is the most common form 

of dementia. There is no known cure for the disease, 

in fact it worsens as it progresses, and eventually 

leads to death. In this work the main focus was tro 

extract the protein elastase and intern use it to target 

the APP protein, a cause of Alzheimer’s. The media 

used in the work comprised of gelatin as a sole 

nutrient source. Soil contaminated water is used as 

the source for the isolation of the organism producing 

the required enzyme. From the analysis it was found 

that Lactobacillus fermentii was the only bacteria that 

showed positive test for elastase. The protein was 

extracted from the bacteria and was analyzed using 

insilico tools and softwares. There are certain reports 

showing that elastase is used in treating the 

Alzheimer’s disease. Thus the insilico analysis was 

carried out to detect the docking interactions of the 

elastase protein with the APP protein, a cause for the 

disease. The results were amazing, showing a great 

effinity of elastase to bind with APP. This shows that 

that elastase can be used as a drug molecule in the 

treatment of AD. 
 

Introduction: 

Elastase is a serine protease that also hydrolyzes 

proteins. Elastase is an enzyme found especially in 

pancreatic juice that catalyzes the hydrolysis of 

elastin. It is the main digester of elastin, which is the 

protein that makes up the elasticity in tissues. Elastin 

helps keep skin flexible but tight and stretches to 

accommodate normal activities like flexing a muscle. 

Elastase helps to digest and break down this protein, 

which is a component of meat. The structure of 

elastase is quite similar to some other serine 

proteases. Elastase has an active site with three main 

amino acids: aspartate, histidine, and serine, which 

make up the catalytic triad that work together to 

create a nucleophilic catalysis. 
 

Elastase breaks down the Outer membrane protein 

A (OmpA) of E. coli and other Gram 

negative bacteria.  Elastase also has the 

important immunological role of breaking 

down Shigella virulence factors. This is 

accomplished through the cleavage of peptide bonds 

in the target proteins. The specific peptide bonds 

cleaved are those on the carboxy side of small, 

hydrophobic amino acids such as glycine, alanine, 

and valine. 
 

During the reaction in which elastase breaks down 

the substrate (elastin), two phases occur: a burst 

phase during which the amino side of the peptide 

bond is released, and a steady-state phase, in which 

the acyl side of the substrate is released. The elastin 

is positioned on the enzyme elastase so that the 

catalytic triad has access to the peptide bond. After 

this occurs, serine nucleophilically attacks the 

carbonyl of the peptide bond. A tetrahedral 

intermediate is formed and decomposed. Water enters 

the active site and attacks the reaction, causing the 

nitrogen terminus to leave. Water then attacks the 

acyl-enzyme intermediate and causes the release of 

the carboxylic acid component. 
 

AD, also known in medical literature as Alzheimer 

disease, is the most common form of dementia. There 

is no cure for the disease, which worsens as it 

progresses, and eventually leads to death. 

The amyloid hypothesis postulated that extracellular 

beta-amyloid (Aβ) deposits are the fundamental cause 

of the disease. Support for this postulate comes from 

the location of the gene for the amyloid precursor 

protein (APP) on chromosome 21, together with the 

fact that people with trisomy 21 (Down Syndrome) 

who have an extra gene copy almost universally 

exhibit AD by 40 years of age. Also, a specific 

isoform of apolipoprotein, APOE4, is a major genetic 

risk factor for AD. Whilst apolipoproteins enhance 

the breakdown of beta amyloid, some isoforms are 

not very effective at this task (such as APOE4), 

leading to excess amyloid buildup in the 

brain. Further evidence comes from the finding 

that transgenic mice that express a mutant form of the 

human APP gene develop fibrillar amyloid plaques 
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and Alzheimer's-like brain pathology with spatial 

learning deficits. 
 

Materials and Method: 

Bacterial isolation and Pure Culture Preperation: 

To isolate the microorganisms capable of producing 

elastase, water and soil samples from nearby area was 

used as a source. The organisms were cultured on to 

the media plates. To isolate the elastase producers the 

media was supplemented with Gelatin and Corn 

Starch as the sole carbon source. For isolation, 1 ml 

of 5x diluted water-soil samples were transferred to 

the fresh 40ml gelatin media as the sole carbon 

source in 100ml flasks for incubation. After 

enrichment in gelatin media for more than five days, 

the inoculum was repeatedly streaked on nutrient 

agar plates containing gelatin as a sole carbon source. 

After certain incubation the plates were subjected for 

morphology identification and further biochemical 

analysis of isolated strains. The elatase activity of 

each culture was determined by the zone of clearance 

on agar plate. Through several such processes, four 

pure bacterial cultures were obtained. Cell 

Morphology was observed by a light microscope. 

Biochemical identification was performed for the 

identification of the isolates. This was performed as 

per the Bergey’s Manual for Biochemical 

Identification. 
 

Screening test for the identification of elastase 

producers: 

To test the ability of the bacteria for the extracellular 

production of elastase, the bacteria were inoculated 

into the broth which contained only gelatin as the 

nutrient source and without any other substitute for 

the nutrition. The growth can be seen as turbidity 

only for those bacteria which are capable utilizing the 

given nutrient source by digesting it wit the help of 

the enzyme elastase. Thus in the above test the 

turbidity in the media broth after incubation is an 

indication of positive test. 
 

Enzyme Production and Extraction from the Broth: 

Isolated Pure microbial strains which were known to 

produce extracellular Elastase were grown in nutrient 

broth supplemented with gelatin at 35 
o
C. After cell 

growth reached early stationary phase, the culture 

broth was centrifuged at 5000 rpm for 20min, and the 

supernatant was used as crude extracellular enzyme. 
 

Enzyme Purification: 

1 ml of supernatant from each bacterium crude 

extract was taken into its respective test tube and to it 

was added 0.44 gm of ammonium sulphate (pinch by 

pinch) with continuous stirring for 45 minutes (to 

each sample). This is performed on an ice pack so as 

to maintain the low temperature. The product was 

collected and was subjected for dialysis. In dialysis, 

the dialysis membrane was activated by boiling it in 

distilled water and then in sodium bicarbonate 

solution followed by final washing in distilled water. 

Each sample was loaded into different dialysis 

membrane by tying it. The dialysis buffer was 

changed and dialyzed for another 1-2 hours followed 

by incubation for overnight at 4°C. On the basis of 

molecular weight the purified enzyme was identified 

by performing SDS-PAGE. 
 

Enzyme Kinetic Study 

Effect of Temperature: 

Five test tubes were taken and marked as T1, T2, T3, 

T4 and T5. 0.1ml of 2% gelatin and corn flour were 

added in all the tubes followed by the addition of 0.1 

ml of enzyme to all the test tubes and 1 ml of 1M 

Tris-HCl and making up the volume by distilled 

water followed by incubation. Incubate tube 1 at 4C, 

tube 2 at 27C, tube 3 at 38C, tube 4 at 55C, tube 5 at 

80C for 10 min. The optical density of each was 

measured at 540nm by using a colorimeter. 
 

Effect of pH: 

Five test tubes were taken and marked as T1, T2, T3, 

T4 and T5. 0.2ml of 2% gelatin and corn flour, 1ml 

distilled water, 1ml 1M Tris-HCL were added in all 

the tubes. pH was adjusted as tube 1 as 3, tube 2 as 6, 

tube 3 as 7, tube 4 as 8 and tube 5 as 12 using diluted 

HCl or NaOH. After the adjustment of pH 0.1 ml of 

enzyme was added to all the test tubes followed by 

incubation at 37
o
C for 30 min. The optical density of 

each was measured at 540nm. 
 

Identification of gene responsible for elastase 

production in the isolated strain: 

The genomic DNA was extracted from the isolated 

bacterial strains producing elastase enzyme. The gene 

responsible for elastase production was ELA-1 Gene. 

The isolated DNA was run in the thermal cycler with 

the forward and reverse primers responsible for 

amplification of the gene sequence responsible for 

the production of elastase enzyme. The product of 

PCR was subjected for sequencing in the automated 

sequencer.  
 

In – SILICO Analysis: 

In silico analysis was employed for the detailed 

annotation of the Elastase protein followed by the use 

of elastase as a lignad to target the APP protein 
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responsible for Alzheimer’s disease. Analysis like the 

Domain prediction, Structure identification and 

Visualization were performed. 
 

Domain prediction: 

To identify the total number of functional regions 

present in the Elastase enzyme, SMART tool was 

used. The tool describes the number and function of 

each domain with its position in the protein sequence. 
 

Structure Identification using CPH server: 

To check for the PDB Id of the protein whose 

structure is either 100 % or near exact similar with 

the query protein. The tool would provide a list of 

PDB Id from the Protein Data Bank whose structures 

are available in that data base. Depending upon the 

degree of similarity and accuracy in the search one of 

the best ID can be selected whose structure can be 

collected from the Protein data Bank. 
 

Rasmol visualization: 

The PDB structure downloaded from the RCSB PDB 

is a structural script which requires the supporting 

software, visualization software like RASMOL for 

the 3D structural visualization of the protein.  
 

Docking: 

To check for the binding ability of the protein with 

the disease protein APP, docking was performed 

using the software HEX. Based upon the docking 

energy released after the docking the degree of 

acceptance of the compound can be proposed. 
 

Results and Discussion: 

Screening Test for the production of the Enzyme 

Elastase: 

After the preparation of master plate for the isolation 

of the organisms from the selected source 4 colonies 

were selected based on their morphological 

appearance. The 4 selected cultures were inoculated 

in the screening broth, only one was able to multiply 

as indicated by the turbidity in the tube. The other 

three failed to grow as they were not able to utilize 

the gelatin as a nutrient source due to the lack of the 

enzyme elastase. Thus finally one culture was 

identified to produce the extracellular elastase 

enzyme. 
 

Biochemical Identification of the culture producing 

the elastase: 

In order to identify the organism that was capable of 

producing the extracellular enzyme elastase Gram’s 

staining followed by biochemical tests as per 

Bergey’s manual were performed. The results were 

shown as below: 

Table 1: The Biochemical Tests performed fro the 

elastase positive culture 

Characteristics Result 

Gram Staining Positive 

Catalase test Negative 

Glucose Fermentation 

Broth 

Positive 

Based on the results of the above table the bacteria 

was identified as Lactobacillus fermenti 
 

Production of the enzyme in the Production media: 

As Lactobacillus fermenti was found capable of 

producing the extracellular Elastase the culture was 

inoculated in the production media containing high 

concentration of gelatin. The bacteria were incubated 

for 5 days so as to collect the enzyme in the external 

broth. 
 

SDS PAGE for the confirmation of the enzyme in 

the sample: 

To confirm the presence of the Enzyme Elastase in 

the pure protein based on molecular weight SDS 

technique has been employed. 
 

Figure 1: SDS PAGE for the band of the pure 

sample: 

 
In the above figure the red box highlighted shows the 

enzyme band of elastase. 
 

Figure 2: Showing the enzyme production broth 

Enzyme Kinetics to understand the optimal 

conditions for enzyme Activity. 
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Effect of Temperature on Enzyme Activity 
 

Table 2: Showing the effect of Temperature on the 

OD Value of the samples: 

Temperature OD 

4
O
C .02 

27 .01 

38 .02 

55 .01 

80 .03 
 

Figure 3: Showing the graph for effect of 

temperature on enzyme activity 

 
From the above table and graph it can be inferred that 

the maximum enzyme activity was observed at 80
0
C 

 

Effect of pH on enzyme activity: 

Table 3: Effect of pH on enzyme activity: 

Ph OD 

3 .01 

6 .01 

7 .01 

8 .02 

12 .02 
 

Figure 4: Graph showing the role of pH on enzyme 

activity 

 
From the above table and Figure it can be concluded 

that the best pH for the maximum enzyme activity is 

at 8 
 

Insilico Analysis: 

Figure 5: Identification of the Domains using 

SMART 

 
 From the above SMART analysis it can be inferred 

that the query enzyme Elastase has two functional 

domains Pfam_Inhibitor_19 at the position 38 to 
106 and Peptidase_S8 at 113 to 277. Thus, having 2 

functions. 
 

Secondary structure prediction using SOPMA: 

Fig 6: Structural conformation and types of 

confirmations 

 

From the above result of SOMPA it can be concluded 

that the protein has Random coil and alpha helix in 

maximum conformation of the proteins. The structure 

is also constituted by extended strand to an average 

and beta turn to a poor extend. 
 

Tertiary structure Prediction using HHPred: 

HHpred tool has been used to identify the PDB id of 

the protein that shares maximum similarities to the 

given protein query. The PDB id selected was 1TO2. 

The same id was used to retrieve the structure from 

the RCSB PDB. 

 

Structure Visualization using RASMOL: 

To visualize the structure of 1TO2 Rasmol software 

was used. The visualization is shown below: 
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Figure 7: Rasmol visualization of 1to2 Docking 

Analysis to identify the binding affinity of Elastase 

to APP: 

 

 
 

 

 

 

 

 

 

 

 
 

To check the binding affinity of the selected Elastase 

protein with the APP protein of Alzheimer’s disease 

HEX software was used. The results of HEX are 

shown below 

 

Figure 8: Hex Docking of Elastase with APP 

 
From the above HEX result it can be inferred that the 

energy released after the docking with the selected 

ligand receptor was -525, which is an indication of 

good binding affinity 
 

 

From the results of HEX the E total was identified as 

-525, which is an indication of a good docking pair. 

This can confirm the use of elastase to bind to the 

APP protein as a mode of treatment for Alzheimer’s.  

 

Conclusion: 

The above research enabled the successful production 

& extraction of the protein elastase from bacteria and 

the assay of the optimal conditions for the maximum 

enzyme activity. The enzyme exhibited its maximum 

activity at pH8 and temperature 80
0
C. In Alzheimer’s 

disease there is an extensive accumulation of elastin 

fibres in the brain which ledas to the formation of 

plaques. Thus the current work aims to use the 

elastase enzyme in the treatment of some symptoms 

for Alzheimer’s disease; the work also included the 

use of this elastase as the potent ligand to dock the 

APP protein, a major protein involved in Alzheimer’s 

disease. From the docking analysis it can be inferred 

that the energy of docking between the selected 

protein and receptor was -525, which is a 

confirmation for good binding affinity between the 

selected pair. The work can be extended further for 

the clinical studies to prove the efficacy of the 

elastase against the receptor Elastase. 
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