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ABSTRACT 

A Study of Bacterial Produced Enzymes on the Peptidoglycan Layer of Clostridium difficile   

William Meyers 

Department of Biology 

Texas A&M University 

Research Faculty Advisor: Dr. Joseph Sorg 

Department of Biology 

Texas A&M University 

 Endospore formation by Clostridium difficile is a vital part of the life cycle for this 

Gram-positive bacterium. During this process, the mothercell packages proteins into the 

developing endospore. However, the mechanisms by which many of these proteins are secreted 

into the spore cortex layer is unknown. Using an endolysin as a reporter protein to translationally 

fuse to potential sporulation secretion substrates would help determine if the secreted proteins is 

destined for the cortex layer or if it remains in the outer coat. This thesis uses a bioinformatics 

approach to identify potential endolysins that could be used as a reporter protein in the future. By 

searching primary literature and online databases, a variety of naturally-produced endolysins 

derived from several C. difficile strains, similar bacteria species and phages were identified. 

From this list, these proteins were fed into Basic Local Alignment Tool (BLAST) to determine 

which of these were present in multiple organisms. Next, the potential cellular location of these 

candidate proteins was determined using the PSORT-algorithm. While PSORT was unable to 

determine where many of the putative reporter proteins were located, it did give results for some 

that could be of use. These new, potential reporter proteins would give new insight on the 
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process of sporulation, allowing for the study of the secretion process that occur during C. 

difficile spore formation.   
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NOMENCLATURE 

B. subtilis Bacillus subtilis  

C. difficile Clostridium difficile 

CDI  Clostridium difficile infection 

PSORT Protein sorting algorithm 

BLAST Basic Local Alignment Tool 
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1. INTRODUCTION 

Clostridium difficile is a Gram-positive bacterium and the primary causative agent of 

antibiotic-associated diarrhea in hospitals. In response to unknown signals, the strictly anaerobic 

C. difficile vegetative form produces dormant endospores that permit survival of the organism 

outside of a host. C. difficile spores are transmitted to susceptible hosts and, upon germination 

begins to produce endotoxins which cause the characteristic symptoms of C. difficile infections 

(CDI) (i.e., diarrhea or pseudomembranous colitis) (1). Due to the ability of C. difficile to 

sporulate and become insensitive to antibiotic treatment, there is a high recurrence rate for CDI. 

Due to the metabolic dormancy characteristic of bacterial endospores, it is the C. 

difficile’s vegetative form that produce the toxins that result in the symptoms of CDI (2). During 

the sporulation process, the mothercell divides in an asymmetric septation event. This results in 

the generation of a larger mothercell compartment and a smaller forespore compartment. These 

two compartments communicate using a cascade of sigma factor activation leading to the 

engulfment of the forespore compartment by the mothercell and maturation of the forespore into 

a dormant endospore. Once the forespore matures it is released. In a host, the spore’s 

germination is in response to host-derived bile acids.  

The spore has multiple defined layers, from the protein coat, the outer spore membrane, 

the cortex layer, the inner spore membrane, and the genome-containing core. During the 

sporulation process, proteins are hypothesized to be secreted from the mothercell, across the 

outerspore membrane, to the peptidoglycan-containing cortex layer via unknown secretion 

methods. Due to the difficulty in separating the coat layers from the cortex layer, it is difficult to 

separate the proteins destined for the cortex layer versus the proteins destined for the coat layer 
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(which do not cross a membrane). The ability to determine whether the protein stops in the coat 

or the cortex would be the first step to begin understanding this secretion pathway and give 

valuable information that could lead to isolation of secreted proteins. Though it is possible to tag 

potentially secreted proteins using histidine tags, or other small tags, a hybrid protein that has 

specific activity against the peptidoglycan-containing cortex layer would permit easy screening 

of transported substrates. I propose using an endolysin as this reporter protein. 

 Endolysins are enzymes that degrade peptidoglycan. Commonly, endolysins have two 

domains: an N-terminal domain that provides the catalytic activity and hydrolyzes the murein 

cell wall and a C-terminal domain that binds to the cell wall substrates (3). The use of an 

endolysin as a reporter protein attached to a protein secreted from the mothercell should result in 

the degradation of the cortex layer and prevent spore formation. This would then permit the 

study of protein transport from the mothercell and the identification of secretion signals for the 

transported substances – a non-transported hybrid protein would not result in loss of sporulation.  

To identify such proteins, I used a bioinformatics approach to look through the genomes of C. 

difficile, Bacillus subtilis, Clostridium perfringens, and several bacteriophages. Due to the 

requirement that the endolysin transport must be dependent on the spore protein to which it is 

fused, the endolysin itself should not contain a secretion signal. Thus, to determine the location 

of the identified endolysins in their host organisms they were analyzed through a protein sorting 

algorithm. The endolysins collected were analyzed by the PSORT algorithm that provides an 

analysis of protein localization. Using these locations, it is possible to determine the best 

endolysin by looking at their predicted location. The generated list serves as a resource for future 

work on protein secretion during sporulation.  
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2. METHODS 

2.1 Identification of endolysins 

The first step to determine a compatible endolysin was to define the search parameter in 

which to look for potential endolysins. This was done by creating a list (Appendix 1) of 

organism and strains that are varied yet close enough to each other to have potential crossover 

proteins. This list consisted of several C. difficile’s ribotypes: ribotypes 078, 027, 017. The 

ribotype 078 is associated in the Netherlands and parts of Europe, the strain examined from this 

ribotype was M120. Ribotype 027 is an epidemic ribotype that has emerged in the past 10 years 

and accounts for a large number of cases in the United States. Because this ribotype is so 

prevalent, it accounted for the majority of strains researched: R20291, 196, Bi1, 885. Ribotype 

017 is another strain which is responsible for infections across the globe but heavily concentrated 

in Asia. The final was ribotype106 which accounts for the majority of infections in North 

America as it produces more spores than even 027 (4).  

2.2 Acquiring sequences 

Each genome was uploaded into the free DNA analysis program, benchling.com, and was 

used to search the genome for genes annotated as endolysins. This strategy yielded a few results 

as few endolysins were already annotated in the genome. To expand the list, the protein 

sequences found in the benchling analysis were fed into the BLAST algorithm, maintained by 

the National Center for Biotechnology Information, to reveal potential homologues in other 

organisms. This gave rise to more homologous protein that were conserved across the strains. 

These proteins were also cross searched into each strain and the same was done for all of the 

sequences found in the literature. Each strain was cross referenced into one another resulting in 
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endolysins being found across the strains. The search continued into C. perfringens, B. subtilis, 

and C. sordellii. The same process was done for each of the sister organisms, starting with 

uploading to benchling, to searching literature for endolysins and eventually cross referencing 

for more results. Lastly this search process was done for a few phage groups as well, this resulted 

in more results as well that had cross over. Each of the putative endolysins were compiled into a 

list where their origins were recorded as well as the classification of the endolysin. Once satisfied 

the list was completed, each endolysin was put into a program that sorted them and gave an 

analysis report. Psort is able to give the predicted location of proteins in bacteria. The possible 

locations for a Gram-positive cell listed by PSORT were: cell wall, extracellular, cytoplasmic 

membrane and cytoplasmic. The algorithm determined a localization score where a greater value 

represented a greater confidence in the prediction. If unable to determine the location, the 

program would give an unknown final prediction.  

2.3 Putting it all together 

Once the locations were determined, the size and classifications of these endolysins were 

determined to understand their role in the cell. Each protein has a unique identifier known as an 

accession number to help identify it. The accession number for each protein was logged in the 

table and searched back into BLAST to give the classification of the protein. The classification 

of the endolysin helps determine its activity. The size was determined from the BLAST analysis 

as well by looking and the amino acid count. Table 1 logged all of these stats including: potential 

location, size, accession number and classification. The table could then be utilized to identify 

the best reporter protein by looking at the predicted location and how many organisms it 

appeared in. 
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3. RESULTS 

Analyzing these proteins gave three main data points: the predicted location, the size, and 

the classification. Each of these data points are logged in Appendix 1. The data gathered from the 

PSORT algorithm gave the predicted locations of the endolysins. The analysis gave mixed 

results with most endolysins having unknowns in the predicted location and only three of the 

nineteen proteins having a known value. Additionally, the only endolysins with predicted 

locations were found in the cell wall. The amino acid length of the proteins had a large variance 

ranging from 43 to 283 amino acids. Many different classifications of endolysins emerged in this 

study with the predominant being N-acetylmuramoyl-l-alanine amidase. The second largest 

representation of endolysins is glucosaminidase domain-containing protein, and the third largest 

class was 2 chain A endolysins and scattered hypothetical proteins.   
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4. CONCLUSION 

4.1 Importance of endolysins as reporter proteins  

 C. difficile is an ongoing issue in many developed countries and most frequent in 

hospitals where heavy antibiotics are used. Their ability to form spores keeps C. difficile resistant 

to antibiotics and leads to an increase in recurring infections (1). Determining the method and 

destination of protein secretion during sporulation is vital to understanding the biology of the 

sporulation process. Using endolysins to act as a reporter protein could give insight on both 

unknowns. These endolysins are found naturally occurring from bacteria and trace their roots 

back to phages. Identifying the proper endolysin that will lyse a variety of C. difficile strains will 

provide a major tool to determine the secretion method and the destination of proteins secreted 

from the mothercell. As stated previously, endolysin degrade the peptidoglycan layer of the cell 

wall and are used to lyse the cell. Using endolysins as a reporter protein by tagging secreted 

proteins would cause the cell to lyse when the secreted protein passes into the cortex layer of the 

spore. The destination of the secreted protein also highlights difference in secretion systems. As 

the secretion system of many proteins are unknown this would give insight on narrowing down 

which secretion system that these proteins could be using. Lastly determining the location in the 

spore is the first step of being able to isolate a protein. An effective reporter protein that can 

work with different strains would save time and effort in procuring information about the 

sporulation method. Taking a bioinformatics approach this study was aimed to determine this 

effective reporter protein by cataloging and cross referencing multiple endolysins across various 

strains and analyzing where they are predicted to be found in the cell. The predicted location is 

the most important aspect looked at during this experiment due to this specificity of these 
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endolysins. The goal was to find a cytoplasmic endolysin with homology with multiple C. 

difficile strains. This is due to cytoplasmic endolysins being a part of a secretion system involved 

in cell wall synthesis and repair. As this study focuses on the identification of the secretion 

system during sporulation, a conflict in secretin signals would cause an issue in being able to use 

these as reporter proteins. Cytoplasmic endolysins do not have this issue due to them not being 

involved in cell wall repair and synthesis. It is this lack of secretion system that makes them an 

ideal target for use of a reporter protein in study of a secretion system.  

4.2 Identifying the reporter protein 

N-acetylmuramoyl-l-alanine amidase were the predominant endolysins discovered from 

this study, found in nearly all strains. This amidase is an endolysin whose role is in recycling 

peptidoglycan and cell wall synthesis (5). Another frequent class of endolysins found was the 

glucosaminidase domain-containing protein (6). These have some homology with NAG proteins 

in the murein cell wall leading to a possible role in cell wall synthesis. Each of these endolysins 

have domains on them that have potential to act as a reporter protein. As no cytoplasmic 

endolysins were found in this project this leads to future directions this project could lead. 

Expanding the search through other strains and increasing the amount of endolysins observed 

would result in a higher yield of results. The other issue of having many results from the Psort 

come back as unknown could potentially be resolved by further investigation into the primary 

literature on some of these endolysin categories.  

In a non-virtual project, these different endolysins could be tested to determine if they are 

effective at degrading the spore cortex layer. This would show and determine if the endolysin is 

an effective reporter protein. With the amount of unknown predicted locations this will be the 

next step needed to continue this research project.  
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APPENDIX 1 

Table A1: List of putative endolysins with accession number, origins, classification, and size. 

Endolysins Organism Ribotype Strain Predicted 

location  

Classification Amino 

acid 

length 

VIF68045.1 C. difficile 78 M120 Unknown N-acetylmuramoyl-l-

alanine amidase 

85aa 

WP_003415961.1 C. difficile 78 M120 Unknown N-acetylmuramoyl-l-

alanine amidase 

276aa 

VIG55126.1 C. difficile 78 M120 Unknown N-acetylmuramoyl-l-

alanine amidase 

276aa 

WP_003435466.1 C. difficile 27 196 Cell wall N-acetylmuramoyl-l-

alanine amidase 

262aa 

WP_021365488.1 C. difficile 27  R202

91 

Cell wall N-acetylmuramoyl-l-

alanine amidase 

262aa 

WP_015984863.1 phiCD38-2 Phage  Phage Unknown N-acetylmuramoyl-l-

alanine amidase 

270aa 

WP_021359648.1 phiCD38-2 Phage  Phage Unknown N-acetylmuramoyl-l-

alanine amidase 

270aa 

WP_131024832.1 phiCD38-2 Phage Phage Unknown N-acetylmuramoyl-l-

alanine amidase 

270aa 

OFU07532.1 C. difficile 27  R202

91 

Cell wall N-acetylmuramoyl-l-

alanine amidase 

262a 

EFH15356.1 C. difficile 78 M120 Unknown Hypothetical protein 

HMPREF0219_2013 

93aa 

WP_018112549.1 phiCDIF1296T Phage Phage Unknown Glucosaminidase 

domain-containing 

protein 

205aa 

WP_009895117.1 phiCDIF1296T Phage Phage Unknown Glucosaminidase 

domain-containing 

protein 

205aa 

WP_131042004.1 phiCDIF1296T Phage  Phage Unknown  Glucosaminidase 

domain-containing 

protein 

205aa 

YP_009838148 C. perfringens  Phage Phage Unknown  hypothetical protein 

CPS2_25 

43aa 

3QAY_A C. Sordellii NA NA Unknown  Chain A endolysin  180aa 

6AKV_A B. subtilis NA NA Unknown  Chain A, LysB4 282aa 

WP_003435466.1 
C. diffivile NA NA Unknown N-acetylmuramoyl-l-

alanine amidase 

270aa 
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WP_009889444.1 
C. difficile NA NA Unknown  N-acetylmuramoyl-l-

alanine amidase 

270aa 

WP_003433910.1 

C. difficile  NA NA Unknown N-acetylmuramoyl-l-

alanine amidase 

268aa 

 


