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Abstract 

The annual global consumption of petroleum by the transport sector is 36 billion barrels. This 

leads to increasing concentration of atmospheric CO2 contributing to climate change. These 

hydrocarbons can be replaced by renewable biofuels. The most common biofuel is ethanol made 

from cellulose. In nature, cellulose is converted to glucose with different enzymes, one of which 

is cellobiohydrolase. This enzyme breaks cellulose polymer into 2-carbon sugars called 

cellobiose. The cellobiohydrolase found in fungi, however does not catalyze at a commercially 

viable rate. The goal of this project is to create a modified fungal cellobiohydrolase with 

increased thermal stability which will degrade cellulose at a higher rate and a higher temperature. 

The enzyme I chose for this study is Cellobiohydrolase Cel7a from Hypocrea jecorina. The 

baseline thermal stability of cellobiohydrolase will be found through an experiment testing the 

catalytic activity of the enzyme at different temperatures. This data will be plotted on a graph to 

determine the optimal temperature for cellobiohydrolase and quantify the rate of cellobiose 

production per unit enzyme. Using protein modelling software I-TASSER 5.0 and CHIMERA 

1.2, a 3-D model of the enzyme will be created and 3D printed for reference. Using UGENE 

1.25, multiple cellobiohydrolase FASTA sequences will be compared to identify conserved 

domains and active sites. Using the software ROSETTA, the amino acid sequence of 

cellobiohydrolase will be modified using site directed mutagenesis to increase the thermal 

stability without mutating the active site. The newly created protein will be retested with 

STRUM, and a ΔΔG score will be calculated. A more positive ΔΔG score will correspond to 

increased thermal stability. 

 

Background 

The projected daily world oil demand by 2020 is 97 million barrels of crude oil for various 

energy-producing uses. Over 64% of crude oil is used in the transportation sector and causes 

unsustainable levels of greenhouse gas emissions of 138 million metric tons annually, a major 

factor of climate change. Commercially viable methods of ethanol production can revolutionize 

the fuel industry by reducing the demand for crude oil and gas. Each year, 150 billion tons of 

cellulose is formed by plants. This organic polysaccharide is found in the cell walls of plants, the 

indigestible fiber in foods, in cotton and wood, and even in algae. Cellulose from plants stores 

solar energy in nontoxic ways within chemical bonds, as it is a highly concentrated polymer of 

glucose. Cellobiohydrolase is a cellulase enzyme that effectively degrades and fragments 

cellulose through the breakdown of glyosidic linkages.  

Cellulose is ubiquitous and cellulosic ethanol has the potential to replace gasoline and stop the 

dependency on fossil fuels. The process to make ethanol from corn is complex, expensive, and 

has a lengthy processing time. Food-based ethanol feedstock competes for food resources, and is 

thus not sustainable. Technology to develop this process on a commercially viable scale is still 

being research and refined. Cellobiohydrolase is not naturally effective in cellulosic catalysis at 

the elevated temperatures required for substantial energy production 

Research Goals 

Question: What are the best possible single point modifications that can be made to the enzyme 

Cellobiohydrolase Cel7a from Hypocrea jecorina that can improve the enzyme’s thermal 

stability and enzymatic catalytic activity? 



The goal of the project is to find the modifications that are beneficial to the thermal stability of 

Cellobiohydrolase. The impact of these modifications will be measured with a ΔΔG value. If the 

modifications increase thermal stability, the ΔΔG value will be a positive number. An efficient 

method to produce cellulosic ethanol could revolutionize the energy sector and decrease 

dependency on fossil fuels 

Methodology 

1. Compare FASTA sequences of exo-cellobiohydrolase using the software UGENE 

2. Build a 3D model using the software I-TASSER of both the wild and modified 

Cellobiohydrolase Cel7a and visualize it with CHIMERA 

3. Convert the 3D model to a stereolithographic file and 3D print for visual   confirmation 

4. Analyze this protein with STRUM to determine the ΔΔG value for each modification that 

is introduced in the protein structure 

5. Compare the modified model to the original model to determine whether conserved 

domains were affected. If the active site changed, try a different point modification and re 

analyze it. 

6. Analyze both molecules in detail to identify the modified bond structures that increase 

thermal stability 

Results 

                 Amino Acid Multi-Segment Analysis and Mapping of Cellobiohydrolase Cel7a 

 

 

 

 

 

Detailed analysis of the FASTA sequence of Hypocrea jecorina Cel7a Cellobiohydrolase was 

compared with 11 other fungal cellobiohydrolase sequences. Over 4500 amino acids were 

aligned to identify conserved sections, and sites highly conserved were likely vital to the enzyme 

active site and were not modified. Sites where the HJCel7a did not match the consensus were 

target areas for single point mutations to the structure. Amino acids were changed to the most 

common amino acid found in the other fungal sequences that were compared. 16 modifications 

were selected that caused a positive impact to the thermal stability 

Superimposed comparison of Wild type and Modified Proteins               Wild Type Cellobiohydrolase              Modified Cellobiohydrolase 

 

 

 

 

 

 



Discussion and Conclusions 

After analyzing the amino acid sequences of 

Cellobiohydrolase Cel7a from Hypocrea jecorina, and 

comparing it to other sequences, 16 modifications were 

carefully chosen. Each modification was assessed using 

VADAR to determine the exact changes in bonding 

structure of the protein. For every salt bridge created 

the thermal stability increased by 1 Kcal per bridge. 

The structure was made as tightly packed as possible to 

increase hydrogen bonding and London dispersion 

forces. Hydrogen bonding makes up 40% of the 

protein’s thermal stability. The impact on the enzyme’s 

thermal stability was assessed using STRUM analysis. 

STRUM is a program that calculates the protein’s ΔΔG 

value using gradient boosting regression analysis. The 

Gibbs Free Energy, ΔG, is calculated between the 

unfolded version of the protein and the 

folded version of the protein. The ΔG 

value is first calculated for both the wild 

and mutant proteins. The ΔΔG value is 

the change in the Gibbs Free Energy 

between the two models of proteins. A 

high ΔΔG value attests that the 

modification increased thermal stability. 

Having a positive ΔΔG means it takes 

more energy to denature the protein.  

∆∆𝐺 =  ∆𝐺𝑚𝑢𝑡𝑎𝑛𝑡 − ∆𝐺𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 

The total number of ionic pairs increased by 28%, cation pi interactions increased by 33.33%, the 

disulfide bridges increased by 500%, and hydrogen bonds increased by 12.63%. these added 

bonds strengthen the overall secondary and tertiary protein structure, resulting in a 17.73 

Kcal/mole increase in ∆∆𝐺. This leads to a stronger protein that can withstand denaturation at 

temperatures about 17 degrees above normal 

Future Impact 

Cellulosic ethanol is the leading next generation biofuel with strong economic importance. My 

research design will potentially increase the Cellobiose yield, and hence the Ethanol production 

by 300 % of the current rate. Many environmental benefits will occur from emission reduction as 

well. Cellulosic Ethanol can lower GHG emissions by over 98% relative to petroleum based 

gasoline. This is a carbon-cycle balanced and renewable way to produce cellulosic ethanol which 

means we recycle carbon rather than exposing underground carbon reservoirs to the atmosphere. 

Cellulosic ethanol will not cut into usable food resources and will have an abundant feedstock 

supply. New E10, E15 and even E100 vehicles are being explored. These Flex-Fuel vehicles are 

bringing personal transportation one step forward to a greener future. 
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