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Abstract
Inflammatory Bowel Disease (IBD) is characterized by chronic inflammation in the digestive tract with about 30% of patients developing fibrosis. IBD patients have an increased amount of E. coli in their digestive tract, with many of these E. coli producing Yersiniabactin (Ybt). Ybt is a siderophore that binds metal, providing nutrients to the bacteria. Changes to the ybt pathway are linked to fibrosis incidence in mice. My project focused on studying how ybt pathway mutations affected the behavior of the bacteria in vitro. My hypothesis is that mutations to the ybt pathway will cause phenotypic changes in the bacteria linked to metal availability. Growth curves were used to show the rate in which zinc (Zn) affected the growth of ybt-mutant E. coli compared to mutants without added metals and wild-type control. Other behaviors important for persistence in the gut, including motility and biofilm formation, were assayed with the ybt-mutants with added zinc. There were varied phenotypic changes depending on the assay, but results displayed that adding Zn did not impact bacterial growth or biofilm formation, but increased bacterial motility. Previous research reveals higher fibrosis incidence in mice colonized with ΔfyuA E. coli, however this  ybt-transporter mutant showed no phenotypic changes compared to other strains in our in vitro study. Next steps include changing the amount of Zn or changing the metal to Fe or Cu. 




Introduction
Inflammatory Bowel Disease (IBD) is characterized by chronic inflammation in the digestive tract with about 30% of patients developing fibrosis (Inflammatory Bowel Disease, 2012). IBD-related fibrosis is excessing scarring of connective tissues in the digestive tract and is also described as excessive extracellular matrix (EMC). There are two types of IBD Ulcerative colitis and Crohn's disease. Ulcerative colitis involves inflammation and ulcers in the large intestine and rectum (Inflammatory Bowel Disease (IBD) - Symptoms and Causes, n.d.). Crohn’s disease is inflammation in the deeper layers in the Gastrointestinal (GI) tract. Both Ulcerative colitis and Crohn’s disease symptoms include and diarrhea, severe abdominal pain and weight loss. 
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Figure 1.  How Crohn’s disease looks in the colon vs how Ulcerative colitis looks in the colon. (Inflammatory Bowel Disease (IBD) - Symptoms and Causes, n.d.)

IBD patients have an increased amount of E. coli in their digestive tract, with many producing Yersiniabactin (Ybt). Yersiniabactin is a siderophore that binds metal, providing nutrients to the bacteria. Siderophores are pull iron and other metal from the enviroment for the purpose of infection (Holden & Bachman, 2015). They are even considered to be virulence factor. Changes to the ybt pathway are linked to fibrosis incidence in mice (Broberg, 2018). We know that there is no known cause for IBD related fibrosis (IBD Treatment | IBD Clinic, n.d.) however, changes to the ybt pathway are linked to fibrosis incidence in mice. Previous research shows that FyuA is a receptor for Ybt and together the two result in bacterial iron uptake. Previous studies also show that fibrosis is least common when ∆irp1 gene is deleted (Broberg, 2018).   This project focused on studying how ybt pathway mutations affected the behavior of the bacteria in vitro studies with metal availability.  My hypothesis is that mutations to the ybt pathway will cause phenotypic changes in the bacteria linked to metal availability. 
In this experiment nine different mutants were used; they were all derived from the wildtype JA0058. Mutants like JA0220, JA0222 and JA0223 were missing the ybt pathway but also had the deleted ∆irp1 gene. Mutants JA0085, JA0086 and JA0224 were missing an outer or inner membrane permease and had a deleted ΔfyuA gene. Lastly, mutant JA0157 was a Zn responder. Each gene responded differently based on their phenotypes, some mutants had similar characteristics while others were completely different. I hypothesized that Zinc will, have a decrease in fibrosis incidence in strains with the deleted ∆irp1 gene. Below is table of mutants used with their genotype and phenotypes.

	Stock number
	Genotype
	Phenotype

	JA0058
	WT  Pathobiont
	Wild-type

	JA0072
	NC101 StrR
	Streptomycin Resistant

	JA0085
	NC101 ΔybtX StrR
	Missing  inner membrane permease

	JA0086
	NC101 ΔfyuA ΔybtX
	Missing inner and outer membrane permease

	JA0157
	NC101 Δzur str
	Missing Zn response regulator

	JA0220
	NC101 Δirp1 Str
	Missing Yersiniabactin

	JA0222
	NC101 ΔybtX Δirp1 Str
	Missing inner membrane permease and missing Yersiniabactin

	JA0223
	NC101 ΔentB Δirp1 Str
	Missing enterobacctin and missing  Yersiniabactin 

	JA0224
	NC101 ΔfyuA ΔfhuA Str
	Missing two outer membrane permeases



Table 1.  E.coli Strains. Each strain labeled with its Genotype and Phenotype.

Methods and Materials
Growth curves, biofilm assays and motility assays were performed, to show the rate in which zinc (Zn) affected the growth of ybt-mutant E. coli compared to mutants without added metals and wild-type control. Each assay was assessed with the ybt-mutants with added Zinc and without Zinc, there was varied phenotypic changes depending on the assay. My hypothesis is that mutations to the ybt pathway will cause phenotypic changes in the bacteria linked to metal availability.

I. Growth Curves

Growth curves were used to measure how much and how fast the bacteria grew in certain period of time. Overnight bacterial cultures (900 ml) were grown in M9 media with Zn (50 µM) and without Zn. M9 is nutrient rich media used for bacterial cultivation.  Each bacterial culture was measured in Ultra-Visible (UV-Vis) absorbance spectrophotometer to an optical density of 600 after every 45 mins for 5hrs. 2-3 replicas were averaged to produce viable data.

II. Biofilm Assays 

Biofilms are clusters of single or multiple species of bacteria (Haney et al., 2018). Biofilm assays were used to access how well bacteria adhere and project a biofilm. Bacteria was placed in wells on the biofilm plates to incubate for about two days. After the second day, the bacteria was aspirated out and plates were stained with crystal violet and measured at an optical density of 530 (OD530) and 670 (OD670) using biofilm quantification. Assays were completed in 2-3 replicas to produce viable data.  

III.  Motility Assays 

Motility assays are used to distinguish how bacteria move or colonize in your digestive tract. Motility also shows how bacteria moves in favorable and unfavorable conditions by a mechanic force (Wiesner et al., 2003). An overnight bacterial culture of (1 μM) was placed  in the middle of soft agar plates, each strain was placed on an M9 agar plate with 50μM of Zn and each without Zn. The movement of bacteria was measured in centimeters after 5 hours and measured again the next day. 

Results
Previous research reveals higher fibrosis incidence in mice colonized with ΔfyuA E. coli. Previous studies also show that fibrosis is least common when ∆irp1 gene is deleted. Mutants JA0086, JA0224 have the deleted ΔfyuA, and are to be monitored throughout each assay as for they are expected to indicate increased bacterial increase. Mutants JA0222, JA0223, JA0220 should be monitored they have the ∆irp1 and aren’t expected to increase bacterial uptake. Even with this previous research these ybt-transporter mutants showed no phenotypic changes that resemble strains in previous studies. 

Growth curves
The results from the growth curves assays  concluded that zinc assisted in bacterial growth in two strands, JA0085 and JA0223. Data below includes the averages of 2-3 replicates in the presence of 50μM of Zn. 
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Figure 2. Growth Curves. Mutants JA0085 had the deleted ΔybtX gene- it  didn’t have the ybt pathway needed to bind Zinc to the bacteria for growth. However, based on our assay in the presence of Zn, this mutants grew better which was the opposite of what was expected.  Blue= No Zinc Orange = With Zinc


Biofilm Formation

The results from the Biofilm assays showed Zn didn’t aide much in bacterial biofilm formation, only in strand JA0058. The picture below includes averages of replicates in the presence of 50μM of Zn. 
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Figure 3. Biofilm assays. Mutant JA0058 was our wildtype strand, and surprised us by having increased biofilm formation while all the other strands, derived from mutant JA0058 showed no increase, even strains with the Δirp1 gene. Blue= No Zinc Orange = With Zinc

Motility Assays
	
Plates with Zinc increased bacterial motility compared to plates without Zinc. The pictures below include averages of replicates in the presence of 50μM of Zn. 
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Figure 4. Motility Averages. These are measured in centimeters. Every mutant had increased motility with Zn, even strands with the deleted ΔybtX gene.  Blue= No Zinc Orange = With Zinc
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Figure 5. Motility in mutant  JA0157. A photo of strain JA0157.  The plate on the right is w/o Zinc, plate on left has Zinc. 




Discussion

Throughout the assays our wildtypes JA0058 and JA0072 seemed to be similar however, JA0058 had better biofilm formation. None of our mutants with the deleted ΔfyuA and ∆irp1 genes acted like previous studies. Most mutants grew better and had better biofilm formation without Zn. Zn did help every mutant become more motile.  Overall, phenotypic changes throughout our mutants solely depended on the assay. Future directions include changing the amount of Zinc. The 50μM amount of Zinc used throughout the experiment could’ve influenced bacterial growth in many ways, resulting in death or longer life. Changing the metal from Zinc to probably Fe or Cu could also result in phenotypic changes, depending on the bacteria. Adding in a chelator would cause different phenotypic changes as well be chelators help bacteria bind to metals more readily. Ultimately, the amount of Zinc I used and the metal I used could’ve inferred with my research resembling previous research.
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