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ABSTRACT

From human teeth to small pebbles in a river bed, biofilms have been found to inhabit nearly
every surface imaginable in today’s world. Biofilms can be thought of as highly intricate
microbial communities in which various bacteria adhere to a solid and thrive under certain
conditions. These complex systems undertake a dualistic nature. On the negative side, biofilms
can lead to infections within the human body. Conversely, they possess many industrial
advantages within wastewater treatment and oil spill cleanup. The overarching desire is to
understand the genetic basis of biofilms in order to quell their negative effects and subsequently
promote their beneficial characteristics. As a starting point, it is essential to understand bacterial
toxin-antitoxin systems as they relate to individual cell physiology within the bacteria of interest,
E. coli K12 MG1655. The newly discovered type V toxin-antitoxin system serves as the basis for
this research as a protein antitoxin is seen to inhibit the toxin by cleaving its mMRNA. Further
interest lies within the toxin motility quorum sensing regulator (MqgsR) as it inhibits protein
synthesis through mRNA degradation at preferred guanine-cytosine-uracil (GCU) locations.
Each of the 4501genes of E. coli were analyzed and the corresponding number of GCU sites for
each were documented. Those genes that exhibited either zero, one or two cleavage sites were
given special attention as they may shed important light on the ability of MgsR to increase
antibiotic persistence. These seemingly important genes were analyzed through the technique of

persistence assays.
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CHAPTER 1: RESEARCH BEGINNINGS
INTRODUCTION & LITERATURE REVIEW

Revisiting the starker side of bacterial communities and their negative effects on human
life, the bacteria comprising the biofilm work in concert with one another making them highly
resistant to antibiotic treatment, a concept called persistence. Persister cells are the few bacteria
that withstand antibiotic treatment without undergoing any recognizable genetic change®. As the
antibiotic runs its course, the select few cells withstand the wave by becoming metabolically
dormant. Once the treatment has passed, these persister cells are able to spring back up and
continue causing havoc to the patient. It is important to note the distinction made when detailing
persistence as opposed to resistant cells. Resistant cells are those that grow in the presence of
antibiotics, while persister cells do not and are tolerant to antibiotics?.

A phenomenon called quorum sensing is at work within these microbial communities,
with the toxin motility quorum sensing regulator (MgsR) being of high interest for this study.
This sensing can be thought of as cell to cell communication that is a transferal of chemical
signals and gives these cells an idea about the surrounding environment’s conditions>. It comes
as no surprise that quorum sensing plays a key role in persistence. The timeline for metabolic
dormancy (and subsequent toxin attack) is a carefully mediated process between cells through
these chemical signals.

The central dogma of molecular biology dictates the flow of genetic information within
cells as going from DNA to RNA (through transcription) and finally to protein (through
translation). Toxins function by interfering with this process by targeting the intermediate

product, RNA and as a result bringing on metabolic dormancy to the cells which is a key



component of persistence. As is common in nature, for every toxin that exists there is often a
complementary antitoxin in contest with it. The pair forms toxin-antitoxin systems which are
found in all bacteria and give a better understanding to the cell’s physiology especially during
times of persister cell formation. Previous work has outlined four toxin-antitoxin systems at play
in bacteria, each detailing a different way in which antitoxins try to combat the vicious attacks of
their counterpart toxins®.

Type Classification

I antitoxin RNA prevents the translation of toxin RNA

Il antitoxin protein binds and inhibits the toxin protein

1] antitoxin RNA binds and inhibits the protein toxin

v protein antitoxin interferes with binding of the toxin to its target

Table 1-1. Previously identified toxin/antitoxin (TA) systems
As is apparent, none of the aforementioned four systems target the heart of the central dogma
that is the RNA stage, rather, they are concerned with the translation step and targeting the
toxin’s protein. A newly discovered “Type V” TA system has recently been discovered as the
only one that cleaves toxin mMRNA and serves as the basis for this research within the bacterium,
E. coli®.

The protein YjdO which has since been renamed to GhoT is a protein within E. coli that
damages the membranes of cells as a lytic protein and increases persistence. GhoT’s counterpart
has been identified as YjdK (renamed GhoS). Antitoxin GhoS has been found to limit GhoT
toxicity by cleaving the protein’s mRNA. The previously mentioned, regulator, MgsR is
intricately involved with the aforementioned TA system as it degrades mMRNA specifically at

GCuU sites in the transcript. Interestingly enough, MgsR was found to cleave transcripts of



antitoxin GhoS, which led to the activation of its toxin counterpart, GhoT (does not contain the

preferred GCU cleavage site as seen in figure 1-1)°.

G T
A ‘_:[ ¢
G T
aNe e T T
Cr “\A T
T G \
Ansccféca T
] Gy c
8 [ T
c c
T T
T c
110 A T
i T
G 6 T
® 0 G.
C a5t by "
P s K A
T A 3
T T
G T
ss.c.r ¢
T R
A wiAaTC
P
¢ T
A T
A A
L -
AW
aCr"
% 557
\
KK %
e
A G
"rCTcGT
T A,
1 T
CT 6 G
C G\"O
T ¢ T
T T N 'e
A & PT
CrgT A, G

Figure 1-1. Predicted Secondary structure of GhoT with no GCT sites
This toxin activation led to an increase in persister cell formation. To further chase this finding,
an initial testing of fourteen separate transcripts that lack GCU sites from the E. coli genome
were examined in order to evaluate MgsR’s ability to increase persistence®. As a result,
researchers removed or “knocked out” each of the fourteen genes and overproduced MgsR in
these strains®. The results showed that deleting these singular genes from E. coli significantly

reduced MqsR-mediated persistence.



MOTIVATIONS FOR CURRENT STUDY

The previous work serves as the perfect backdrop for further work as only a small
fraction (14 genes) of the large E. coli genome (4501 genes) has been examined °. This study
aims to carefully comb the remainder of the genome and identify the sequences that have
minimal GCU sites and see whether or not they exhibit the same behavior as GhoT when
exposed to MgsR.

RNA transcripts within the bacterium span a broad spectrum of lengths. Some genes may
be only a few hundred nucleotides long while others could number into the thousands’. In order
to achieve a minimum free energy, the single stranded RNA often folds into secondary structures
through hydrogen bonds between its base pairs. These secondary structures can take on many
forms such as helices, loops, bulges, or loops®. A developed hypothesis suggests that when these
strands form elaborate secondary structures, the sections that are stabilized by hydrogen bonds
are “masked” from MqsR cleavage. It is believed, therefore, any GCU site that is tied up in one
of the aforementioned secondary structures, will behave like a gene with zero GCU sites and will
not be cleaved by MgsR, hence leading to an increase in persistence. As a result, genes that have
one or two GCU sites will be examined and their secondary structure will be modeled using an
algorithmic online program entitled, PknotsRG.

Capable of handling up to 800 base pairs, Pknots is a useful prediction tool for folding
RNA secondary structures®. Pknots differs from its counterparts in the sense that its algorithmic
approach takes into account the pseudoknot structure, when folding. Inherent to this structure is
the presence of two stem loops in which half of one stem is placed between the halves of another

stem (Figure 1-2)™.



Figure 1-2. Diagram of a pseudoknot structure appearing in RNA.

As is evident, the pseudoknot structure is very important to consider as it shows the single
stranded RNA base pairing with its complementary counterparts to form a more stable structure
that minimizes free energy. The PknotsRG software was applied to this research and those
foldings which suggest the GCU sequence is intertwined and double stranded were analyzed
alongside the other, zero GCU genes.

Once the online software yielded plausible secondary structures for research, it was time
to obtain them from a genome database for testing purposes. The Keio knockout collection for E.
coli is a database of 3985 genes that contain a set of single gene, knockout mutants*!. The
fourteen genes that lacked a GCU site were used to analyze MqsR’s effects were taken from this
compilation to draw conclusions about persistence when the genes were not present, or knocked
out. The same approach and collection was used for the suitable candidates as predicted by the
folding software. The selected knockout genes tested allowed for conclusions to be drawn about

the importance of these genes when they are indeed intact in the complete genome.



CHAPTER 2: EXPERIMENTAL UNDERTAKINGS

EXPERIMENTAL METHODS: BIOINFORMATICS

Often described as a conglomerate of disciplines spanning computer science, engineering,
and mathematics, bioinformatics has quickly become an important course of study in recent
years. Bioinformatics is the field of science that algorithmically unearths biological data that has
been made available through the use of computers. This is where the initial phase for research
began rooted in the various E. coli databases online. The goal was to uncover genes that had
minimal (1 or 2) GCU sequences whose secondary structure may occlude them from being
cleaved by MgsR.

A comprehensive detailing of all 4501 genes and their respective number of GCU sites
had yet to be performed in previous studies. The website, Ecogene.org, provides the entire
genome of E. coli K12 MG1655. The given gene name is also listed along with the complete
nucleotide sequence®?. Every single one of the genes was downloaded and their sequences
analyzed. A simple search function yielded the amount of times GCT showed up in the gene’s
sequence (Note: the terms GCU and GCT can be used interchangeably as they simply correspond
to the gene’s RNA and DNA sequence, respectively). All findings were placed in an accessible
database which allows the user to simply search for the gene name and will detail the
corresponding number of GCT sites. Results spanned a broad range as there were some lengthy
genes identified that had nearly 70-80 GCT sites present. The search yielded very interesting
findings that bolstered related work. Wang et. al. had previously identified fourteen E. coli
transcripts that lacked GCU sites. The comprehensive bioinformatics analysis actually showed
76 sequences which did not contain the aforementioned site; many more than what was

previously identified. Furthermore, one gene out of the fourteen (ygaQ) actually was found to



contain 17 GCU sites, not zero as identified by the researchers. Interestingly, only a singular
gene (outside of the original fourteen already studied) was found to exist within the Keio
collection needed for testing on persistence. It is highly possible that since the majority of these
76 genes were shorter transcripts, they were too insignificant for the collection and were not
included. Seeing that none of the newly discovered zero GCU site genes showed up in the Keio
collection and therefore could not be used for experimentation, the search was increased to
unearthing the genes that had a singular GCU site.

According to the bioinformatics performed, there were 113 genes that had one GCU site.
Of these candidates, only 50 were found to be contained within the Keio collection. The decision
was made to model all one GCU site genes using the PknotsRG software and as a first step,
identify candidates that contained a GCU site that was not masked by its secondary structure
hence made it susceptible to MgsR attack. These few genes identified will serve as a control
group as it is suspected that they will be degraded by the aforementioned toxin and not lead to an
increase in persistence.

Pknots modeling identified six genes that showed an unprotected GCT site in its

secondary structure (glgs, ogrK, tdcR, yaiZ, ydfZ, yggL).
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Figure 2-1. Secondary structure of glgS with its GCT site identified
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Figure 2-2. Secondary structure of ogrK with its GCT site identified
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13
EXPERIMENTAL METHODS: PERSISTENCE ASSAYS

Any molecular biology laboratory often makes use of a particular assay in order to
quantitatively measure a phenotype of interest. The six genes that were identified as having
susceptible GCT sites were studied using persistence assays. Inherent to this assay is selecting
genes from the Keio collection that have the gene of interest knocked out. As a result, the main
conclusion that can often be drawn from a persistence assay is that if a certain knockout gene is
found to show an increase in persistence, then when this gene is intact in the bacterial genome it
may lower persistence. The converse holds true as well: If a knockout gene shows a decrease in
persistence, then when the gene is found in the genome, then it may be important to higher
persistence. These assays can serve as a good starting point for further studies to eventually draw
distinct conclusions on the gene’s role with regards to persistence.

With the goal of running the persistence assay, the knockout genes from the Keio
collection had to be obtained and grown in appropriate conditions to begin experimentation. All
six strains with the genes deleted were taken from the collection and streaked on Luria-Bertani

(LB) agar plates made on petri dishes (Figure 2-7)*.

Figure 2-7. Agar plate used for cell colony growth
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Once fully streaked, the plates were placed in an incubator to allow cells to grow at 37 °C
which is determined to be the optimum growth temperature for the E. coli bacterium. Following
overnight growth, the plates were removed and a multitude of colonies were present.
Observations indicated that each of the plates was littered with colonies with each colony
containing a number of cells. The cells on these plates were only viable for a limited amount of
time (two days maximum) and hence had to be harvested and stored for future use and
experiments. In order to preserve the integrity of the cells, a colony can be picked and immersed
in LB liquid media and glycerol, frozen to a temperature of -80 °C, and housed in a freezer for
future use in persistence assays. These are commonly known as glycerol stocks and are
important to maintaining the long term storage of the gene*.

To accomplish this, 25 mL of LB media was put into six separate flasks along with 25 puL
of Kanamycin antibiotic (50 mg/mol stock solution). As bacteria grow, there are always
possibilities of mutations occurring in the DNA sequence. Every time a cell multiplies, there are
more chances for mutations and standardization of testing decreases. Antibiotics, such as
Kanamycin are used to eliminate any unwanted, mutated cells that do not possess the correct
strain wanted for testing. The desirable cells withstand the antibiotic and are isolated. Following
addition, a wire loop was sterilized with a Bunsen burner flame and cooled. A singular colony
was picked from the overnight agar plates with the loop and immediately immersed in the liquid
broth of media. The loop was swirled to ensure the proper transfer of the colony. Once this was
accomplished for all six genes, the flasks were put in an incubator shaker at 250 RPM, 37 °C, for
16 hours of growth. The following day, one mL of the culture was transferred to vials containing
glycerol. The newly formed solutions were vortexed (mixed) and then placed in the -80 °C

freezer.
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With the glycerol stocks available for use, it came time to run the persistence assay
experiment. The total process takes four days with each day requiring time sensitive steps that
allow for proper cell growth to be used for the experiment. On the first day, the gene of interest
that will be tested is isolated and its glycerol stock is removed from the freezer. Whenever a
single gene knock out strain is being tested (like one of the six detailed above), it is always
important to also test a standard in which results can be compared to. This standard also has its
own glycerol stock and is commonly known as Wild Type (WT). Wild type refers to the
naturally occurring genetic composition of an organism without any changes to its makeup™. In
the case of E. coli, this refers to an organism with its complete genome intact rather than having
one of its genes being knocked out. With the sample and WT standard removed from its cold
environment, a sterilizing wire loop is passed under a hot flame, cooled, and then carefully
touched on the surface of the glycerol vials. The small contact between the loop and the stock is
enough to transfer ample amounts of colonies onto its surface. Immediately following this, the
loop is smeared across an LB agar plate. The plate is completely streaked with the gene of
interest and then covered. The same procedure is repeated for the WT standard. Both plates are

then placed in an incubator oven at 37 °C for a time period of ~24 hours.

J

Figure 2-8. Hand drawn picture of glycerol stock, wire loop, and proper streak technique
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The following day, the cultures had to be inoculated and its procedure mimics the
glycerol stock preparation with some key differences. The inoculation step on the second day of
experimentation meant that the researcher had to prepare the samples in the proper liquid media
for ample cell growth. The plates from the previous day were removed from the incubator and
numerous colonies were observed on the surface at the locations where the wand streaked over.
After removal, 25 mL of LB media was drawn into flasks. The general guideline followed was to
have two flasks per each strain tested for comparison purposes. In addition to the LB media, the
antibiotic Kanamycin was added to achieve a final concentration of 50 pg/mL. Seeing that the
numerous colonies on the agar plates represented an identical compilation of cells, any one of
these could be picked for the experiment. With the sterilizing loop, a singular colony was picked
and swirled in the liquid media. Once the colony transfer was complete, the flasks were labeled
and placed in the incubator shaker at 250 RPM, 37 °C, for 16 hours of growth.

The third day was the most important as the actual persistence assay was performed at
this time. Following the 16 hours of growth, the flasks were removed from the shaker and 25 pL
from these were removed through a pipet and placed into new flasks of fresh LB media (25 mL).
The new flasks were placed in the shaker for an additional three hours of growth. The refreshing
of the media allowed for the samples to reach the desired period of rapid growth or commonly
referred to as the exponential phase. In order to accurately study the E. coli physiology,
experiments are often conducted during this growth phase'®. The exponential phase is described
as the rapid division phase as cells have the proteins they already need from the media and divide
under the least amount of metabolic stress. There are seemingly unlimited amount of nutrients
available. As resources become used up, growth rates often plateau as metabolites are less

readily available. This can be described as the stationary phase. After the three hours of
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additional growing time, in order for the experiment to begin, samples had to have a uniform cell
density when running the assay. This allows for a standardization of samples and limits the
amount of variability between trials. Cell density is often quantified using absorbance through a
device called a fluorometer. By inserting a one mL sample into the machine, an optical density
reading at 600 nanometers (ODgqo) is produced which ranges anywhere from a value of 0 to 1.

The ideal testing conditions for the persistence assay call for an ODggo measurement of
0.8. It is important to note that this number is specific to the type of media the assay is conducted
in. Once a sample has reached this threshold, an additional 1 mL is removed and placed in a
centrifuge tube for later. Furthermore, this OD measurement signals the time for antibiotic
introduction. The underlying premise that was being studied is the fact that cells that survive
after antibiotics are called persisters. By taking a before and after snapshot of those cells, it will
shed some light on persistence in the various E. coli strains.

The two antibiotics used in this experiment were Ampicillin and Ciprofloxacin. In
general, there are often two classes of antibiotics used: bacteriostatic and bactericidal.
Bacteriostatic are often thought of as bacteria inhibiting drugs, while bactericidal leads to cell
death. The two aforementioned antibiotics are bactericidal drugs. These are the best choices
when trying to measure persistence and comparing the cells that survived to the ones that died.

Whatever the remaining volume of the flask is dictates the amount of antibiotic added to
the samples. The general rule was to follow a thousand fold addition for the Ampicillin (If flask
volume equals 22 mL, then add 22 pL of antibiotic). After introduction, the antibiotic ran its
course for three hours as all flasks were in the shaker. During this time, the 1 mL samples that
were removed in centrifuge tubes before being impacted by antibiotics were isolated and tested.

For each strain that was removed, seven additional centrifuge tubes were laid out (Figure 2-9).



18

Figure 2-9. Serial dilution being carried out in microfuge tubes.

Each of the remaining tubes was filled with 900 pL of 0.85% NaCl solution. The 1 mL
tube containing the sample immersed in the liquid LB was placed in the centrifuge machine at
13,000 RPM for one minute to allow the individual cells to settle at the bottom. The supernatant
LB layer was then discarded and the remaining cluster of cells was refreshed with 0.85% NaCl
solution.

A serial, tenfold dilution was then performed as 100 uL of the first tube that contained all
of the cells was transferred to the second microfuge tube. The second tube was mixed and 100
ML of that sample was transferred to the third tube. This continued all the way down the line for

the remaining tubes to give a total of eight needed for plating. An agar plate was then carefully
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annotated with a marker (called O hour plates) to identify the eight dilution quadrants
(Figure 2-10). Three, 10 pL droplets were placed in their respective areas on the plate and were

allowed to grow on the surface for a day in the 37 °C incubator.

Figure 2-10. Sample LB plate ready for drop plating.

After the Ampicillin had spent its three hours in the flasks, these were also removed and
the same series of steps were taken with these samples (called 3 hour plates). The dilutions were
carried out and drop plating followed in the same fashion with the plates being placed in the
incubator along with its 0 hour counterparts.

Analysis was typically carried out on the fourth day of the experiment as it came time to
quantify the number of colonies showing up in each dilution quadrant. The plates were removed
from the incubator and various colonies showed up in the locations they were drop plated. Using
a marker, the three individual drops were examined and counted with each little dot signifying

one colony of cells. Results were then recorded and an average number of colonies for each
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dilution was calculated. When performing this for each strain, there were quite a few apparent
observations. On quadrants with lower dilutions (0,-1,-2,-3,-4) there were so many colonies that
they all blended together and it was indiscernible to count individual ones. At the -5 and -6
dilutions however, there tended to be a wide range of countable colonies with each spot
exhibiting anywhere from 1 to 60 colonies. At the last dilution (-7) it was extremely rare to see
any formation as the sample was too diluted by this stage.

Before proceeding with further analysis it is important to consider once again the trends
that are being studied concerning persistence and the toxin MgsR. Once again, if a gene is
knocked out from the E. coli genome (as it has been with the strains that have been used in this
experiment), and an increase in persistence is observed, then when gene X is in the bacteria, it
exhibits lower persistence. If a decrease in persistence is observed with a knockout gene, then
when it is intact in the genome, then you have increased persistence. Furthermore, a deletion
leading to a decrease in persistence suggests MgsR selectively cleaves less frequently to increase
persistence and may be important for a cell to survive as a persister. With this information, it
came time to quantify whether or not the cell demonstrated an increase or decrease in
persistence.

Following colony counting, the number of colony forming units (CFU’s) were
determined for each spot on the dilution quadrants. For example, if there were 20 colonies
counted on the “-5” dilution section, this meant there were 20*(10%) CFU/mL. This number was
found by multiplying the 10 pL (volume of individual droplet on plate) by 100 (to get into mL),
then multiplying the result by 10° as it was the fifth dilution section. The average value for the
three droplets was taken and the standard deviation between the spots was calculated as well.

The percent survival was then calculated for the strains as this was simply defined as the number
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of CFU/mL in the 3 hour antibiotic addition samples divided by the number of CFU/mL in the 0

hour samples that were void of any antibiotic. Lastly, for the knockout strains of interest in the
experiment, a fold change was calculated relative to Wild Type standard. This was simply the

percent survival of the knockout strain divided by the percent survival for the Wild Type. The

fold changes are the best indicator as to whether or not there was an increase or decrease in

persistence.
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CHAPTER 3: EXPERIMENTAL RESULTS OF SIX INITIAL STRAINS
yaiZ & yggL Strains
As mentioned, there were six strains of interest (glgS, ogrK, tdcR, yaiZ, ydfZ, yggL) that were
studied to have a singular GCT site which was unprotected as postulated by its secondary
structure. Experiments were conducted in sets of two strains coupled with the WT standard. For
the first round of testing, yaiZ and yggL were plated from their glycerol stocks. Table 3-1 shows

the measured ODgoo measurements for the strains before the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.764 0.744
MG 1655 yaiZ 0.754 0.808
MG 1655 ygglL 0.777 0.746

Table 3-1. ODgy Readings for yaiZ and yggL
For persistence assays, 1 mL was removed. Upon removal, 220 pL of 10 mg/mL ampicillin stock
was added to the yggL samples, 210 pL to WT 2, 200 uL to yaiZ samples, and 190 puL to WT 1.
The reason for the differing amounts of antibiotic added to the flasks was to maintain a steady
concentration of 0.1 mg/mL of ampicillin. The antibiotic ran its course for three hours and 1 mL

was removed towards drop plating for the persistence assay.
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Table 3-2 provides a summary of the fold changes observed for the two strains. The results

showed an interesting behavior for both strains that were tested. First, the yaiZ (-3.66 fold)

sample demonstrated a decrease in persistence upon exposure to Ampicillin as the antibiotic of

choice. The second strain tested, yggL (-8.24 fold) saw the same trend in persistence.

Strain Time
MG 1655 Wild Type: Flask 1 0 hour
3 hour

MG 1655 Wild Type: Flask 2 0 hour
3 hour

BW25113 yaiZ: Flask 1 0 hour
3hour

BW25113 yaiZ: Flask 2 0 hour
3 hour

BW25113 yggl: Flask 1 0 hour
3hour

BW25113 ygglL: Flask 2 0 hour
3 hour

Condition CFU/mL stdev %Survival Fold Change
No Treatment  3.8E+08 2.65E+07
Amp 10 2.77E+04 3.51E+03  7.28E-03

No Treatment 4.4E+08 1.73E+07
Amp 10 3.20E+04 3.00E+03 7.27E-03

No Treatment 4.23E+08 8.50E+07
Amp 10 1.07E+04 3.21E+03 2.52E-03 -2.890

No Treatment 4.27E+08 7.57E+07
Amp 10 7.00E+03 1.73E+03  1.64E-03 -4.433

No Treatment 2.83E+08 3.06E+07
Amp 10 3.23E+03 404.1452 1.14E-03 -6.380

No Treatment 3.33E+08 2.08E+07
Amp 10 2.40E+03 4.58E+02 7.20E-04 -10.101

Table 3-2. Summary of findings for yaiZ and yggL
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glgS & ogrK Strains
Moving on to the second round of testing, glgS and ogrK were plated from their glycerol stocks.

Table 3-3 shows the measured ODgoo measurements for the strains before the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.834 0.829
MG 1655 glgS 0.828 0.851
MG 1655 ogrK 0.829 0.798

Table 3-3. ODggo Readings for glgS and ogrkK
For persistence assays, 1 mL was removed. Upon removal, 210 pL of 10 mg/mL Ampicillin
stock was added to the glgS and ogrK samples and 200 pL to WT samples. The reason for the
differing amounts of antibiotic added to the flasks was to maintain a steady concentration of 0.1
mg/mL of Ampicillin. The antibiotic ran its course for three hours and 1 mL was removed

towards drop plating for the persistence assay.
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Table 3-4 provides a summary of the fold changes observed for the two strains. The results
showed an interesting behavior for both strains that were tested. First, the glgS (-1.76 fold) sample

demonstrated a decrease in persistence upon exposure to Ampicillin as the antibiotic of choice. The

second strain tested, ogrK (-4.23 fold) saw the same trend in persistence.

Strain Time Condition CFU/mL stdev %Survival Fold Change
MG 1655 Wild Type: Flask 1 0 hour No Treatment 3.07E+08 1.15E+07
3 hour Amp 10 2.93E+04 2.08E+03 9.57E-03

MG 1655 Wild Type: Flask 2 0hour No Treatment 3.9E+08 3.00E+07

3 hour Amp 10 2.73E+04 6.03E+03  7.01E-03
BW25113 glg$S: Flask 1 0 hour No Treatment 3.27E+08 2.08E+07

3 hour Amp 10 1.30E+04 3.00E+03  3.98E-03 -2.40E+00
BW25113 glgS: Flask 2 0 hour No Treatment  3.4E+08 5.00E+07

3 hour Amp 10 2.13E+04 2.08E+03  6.27E-03 -1.12E+00
BW25113 ogrK: Flask 1 Ohour No Treatment 4.03E+08 6.81E+07

3 hour Amp 10 8.33E+03 3.06E+03 2.07E-03  -4.63E+00
BW25113 ogrK: Flask 2 0 hour No Treatment 3.83E+08 3.06E+07

3 hour Amp 10 7.00E+03 0.00E+00 1.83E-03 -3.84E+00

Table 3-4. Summary of findings for glgS and ogrK
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tdcR & ydfZ Strains

For the last round of experiments on the six postulated genes, tdcR and ydfZ were plated from
their glycerol stocks. Table 3-5 shows the measured ODgy measurements for the strains before

the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.744 0.782
MG 1655 tdcR 0.749 0.776
MG 1655 ydfZ 0.749 0.775

Table 3-5. ODgoo Readings for tdcR and ydfZ
For persistence assays, 1 mL was removed. Upon removal, 210 pL of 10 mg/mL Ampicillin
stock was added to the WT and tdcR samples and 190 pL to ydfZ samples. The reason for the
differing amounts of antibiotic added to the flasks was to maintain a steady concentration of 0.1
mg/mL of Ampicillin. The antibiotic ran its course for three hours and 1 mL was removed

towards drop plating for the persistence assay.
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Table 3-6 provides a summary of the fold changes observed for the two strains. The results

showed an interesting behavior for both strains that were tested. First, the tdcR (+4.97 fold)

sample demonstrated an increase in persistence upon exposure to Ampicillin as the antibiotic of

choice. The second strain tested, ydfZ (-1.44 fold) saw the opposite trend in persistence. The tdcR

strain presents interesting results as it is the only strain out of the six tested (yggL, yaiZ, glgsS,

ogrK, tdcR, and ydfZ) that shows an increase in persistence upon deletion.

Strain
MG 1655 Wild Type: Flask 1

MG 1655 Wild Type: Flask 2

BW25113 tdcR: Flask 1

BW25113 tdcR: Flask 2

BW25113 ydfZ: Flask 1

BW25113 ydfZ: Flask 2

Time
0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

Condition

CFU/mL

stdev

No Treatment 3.63E+08 3.21E+07

Amp 10

No Treatment
Amp 10

No Treatment
Amp 10

No Treatment
Amp 10

No Treatment
Amp 10

No Treatment
Amp 10

1.83E+04

4.07E+08
1.27E+05

3.4E+08
1.43E+05

3.87E+08
1.90E+05

3.93E+08
1.50E+04

3.5E+08
7.00E+04

2.89E+03

2.89E+07
3.06E+04

3.61E+07
2.52E+04

2.52E+07
2.65E+04

3.51E+07
3.61E+03

3.61E+07
2.65E+04

%Survival

5.05E-03

3.11E-02

4.22E-02

4.91E-02

3.81E-03

2.00E-02

Table 3-6. Summary of findings for tdcR and ydfZ

Fold Change

8.35E+00

1.58E+00

-1.32E+00

-1.56E+00
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CHAPTER 4: PHASE TWO EXPERIMENTS

Previous work performed had concentrated on six knockout strains of E.coli (yaiZ, yggL,
glgS, ogrK, tdcR, and ydfZ) that contain a singular GCT site that would be potentially cleaved by
the toxin MgsR. These genes were first tested due to the fact that they possessed secondary
structures showing the availability of the aforementioned GCT site and were not masked by
folding. These strains were tested using persistence assays that showed modest fold changes in
persistence. The relatively low standard deviations confirm the success of these experiments
(refer to Appendix for fold change derivations).

The next task was to reevaluate the compiled list of genes within the bacterium that have
one GCT site and look for ones with secondary structures that mask or cover the three letter
sequence. Further, it was desired to find candidates from the list that are known toxins according
to gene databases such as ecogene.org and ecocyc.com.

The following genes meet the two criteria mentioned above:

1) yoeB: The YoeB toxin induces cleavage of translated mRNAS. YoeB can be
activated by overproduction of the Lon protease, which is lethal

2) hicA: HicA is an mRNA interferase acting as the toxin of the HicA-HicB
toxin-antitoxin system. Overexpression of HicA induces mMRNA cleavage and

growth inhibition, but not cell death

Although there were only two known toxins found in this list, the search was expanded
with these other genes. Going back to the original goal, there were plenty of options of genes that
have a singular GCT site that is masked by secondary structure. The following strains were

chosen to be tested: ygiW, yhhY, yciH, flgM, and yiaG. All of these five, alongside the
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aforementioned two toxins display double stranded interactions with other segments of the RNA

strand that occludes the GCT site. For this second round of testing, the decision was made to use

5ug/mL Ciprofloxacin as the antibiotic of choice to try and see whether or not this would affect

the trends in persistence.

Pknots modeling was performed on these seven genes as well to verify the occluded

structure of the GCT sites.

Location of GCT
Site in yoeB

Figure 4-1. Secondary structure of yoeB with its GCT site identified
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Figure 4-2. Secondary structure of hicA with its GCT site identified
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Location of GCT
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Figure 4-3. Secondary structure of ygiW with its GCT site identified
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GCT site in yciH

Figure 4-5. Secondary structure of yciH with its GCT site identified
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Location of

Figure 4-6. Secondary structure of flgM with its GCT site identifie

d



Location of
GCT site in yiaG

Figure 4-7. Secondary structure of yiaG with its GCT site identified
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ygiW & yhhY Strains

To begin the phase two experiments on E. coli genes whose secondary structure seems
inaccessible to MqgsR cleavage, ygiW and yhhY were first tested from their glycerol stocks. Table

4-1 shows the measured ODgoo measurements for the strains before the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.789 0.815
MG 1655 ygiW 0.746 0.756
MG 1655 yhhY 0.807 0.81

Table 4-1. ODgoo Readings for ygiW and yhhY
For persistence assays, 1 mL was removed. Upon removal, 210 pL of 0.5 mg/mL Ciprofloxacin
stock was added to the ygiW 2 and yhhy 2 samples and 200 pL to the WT samples, ygiW 1 and
yhhY 1. The reason for the differing amounts of antibiotic added to the flasks was to maintain a
steady concentration of .005 mg/mL of Ciprofloxacin. The antibiotic ran its course for three

hours and 1 mL was removed towards drop plating for the persistence assay.
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Table 4-2 provides a summary of the fold changes observed for the two strains. First, the ygiw
(+1.37 fold) sample demonstrated an increase in persistence upon exposure to Ciprofloxacin as
the antibiotic of choice. The second strain tested, yhhY (+3.43 fold) saw the same trend in
persistence. Judging by these results of a positive fold increase, a deletion meant that we

observed an increase in persistence.

Strain Time Condition CFU/mL stdev %Survival Fold Change
MG 1655 Wild Type: Flask 1 0 hour No Treatment 3.6E+08 4.00E+07
3 hour Cipro5 3.50E+04 2.00E+03 9.72E-03

MG 1655 Wild Type: Flask 2 0hour No Treatment 3.63E+08 1.15E+07
3 hour Cipro 5 3.60E+04 2.00E+03 9.91E-03

BW25113 ygiW: Flask 1 0 hour No Treatment 1.93E+08 2.52E+07
3 hour Cipro 5 3.17E+04 4.93E+03 1.64E-02  1.68E+00

BW25113 ygiW: Flask 2 0 hour No Treatment 3.17E+08 2.08E+07

3 hour Cipro 5 3.30E+04 5.57E+03 1.04E-02  1.05E+00
BW25113 yhhY: Flask 1 0 hour No Treatment 2.80E+08 4.36E+07
3 hour Cipro5 1.10E+05 1.00E+04 3.93E-02  4.04E+00

BW25113 yhhY: Flask 2 0 hour No Treatment 3.93E+08 3.21E+07
3 hour Cipro 5 1.10E+05 2.00E+04 2.80E-02  2.82E+00

Table 4-2. Summary of findings for ygiW and yhhY
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flgM & yciH Strains

The next couple of genes that were obtained from their glycerol stocks were flgM and yciH.

Table 4-3 shows the measured ODgoo measurements for the strains before the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.849 0.753
MG 1655 flgM 0.799 0.775
MG 1655 yciH 0.798 0.791

Table 4-3. ODggo Readings for flgM and yciH
For persistence assays, 1 mL was removed. Upon removal, 220 pL of 0.5 mg/mL Ciprofloxacin
stock was added to the flgM samples and WT 2. 210 pL was placed in the WT 1 sample, and
finally, 200 pL in the yciH samples. The reason for the differing amounts of antibiotic added to
the flasks was to maintain a steady concentration of .005 mg/mL of Ciprofloxacin. The antibiotic
ran its course for three hours and 1 mL was removed towards drop plating for the persistence

assay.
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Table 4-4 provides a summary of the fold changes observed for the two strains. First, the flgM

(-1.14 fold) sample demonstrated a decrease in persistence upon exposure to Ciprofloxacin as the

antibiotic of choice. The negative fold change signaled that a deletion meant that we observed a

decrease in persistence. The second strain tested, yciH (+1.59 fold) saw an increase in

persistence. Judging by these results of a positive fold change, a deletion meant that there was an

increase in persistence.

Strain

MG 1655 Wild Type: Flask 1

MG 1655 Wild Type: Flask 2

BW25113 fIgM: Flask 1

BW25113 flgM: Flask 2

BW25113 yciH: Flask 1

BW25113 yciH: Flask 2

Time
0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

0 hour
3 hour

Condition CFU/mL
No Treatment 4.03E+08
Cipro 5 2.53E+04

No Treatment 4.03E+08
Cipro5 2.87E+04

No Treatment 3.17E+08
Cipro 5 1.93E+04

No Treatment 3.47E+08
Cipro 5 1.97E+04

No Treatment 3.07E+08
Cipro 5 3.50E+04

No Treatment 3.80E+08
Cipro 5 3.67E+04

stdev %Survival Fold Change

1.53E+07
5.77E+02 6.28E-03

3.06E+07
3.79E+03 7.11E-03

2.52E+07
1.15E+03 6.11E-03

3.21E+07
1.15E+03 5.67E-03

2.31E+07
1.00E+03 1.14E-02

4.00E+07
2.08E+03 9.65E-03

Table 4-4. Summary of findings for flgM and yciH

-1.03E+00

-1.25E+00

1.82E+00

1.36E+00
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yoeB & hicA Strains

The next couple of genes that were obtained from their glycerol stocks were yoeB and hicA.

Table 4-5 shows the measured ODgoo measurements for the strains before the experiment began.

Strain Flask 1 Flask 2

MG 1655 Wild Type 0.794 0.806
MG 1655 hicA 0.756 0.771
MG 1655 yoeB 0.757 0.769

Table 4-5. ODggo Readings for yoeB and hicA
For persistence assays, 1 mL was removed. Upon removal, 220 pL of 0.5 mg/mL Ciprofloxacin
stock was added to the WT and hicA samples, while 210 pL was placed in the yoeB samples. The
reason for the differing amounts of antibiotic added to the flasks was to maintain a steady
concentration of .005 mg/mL of Ciprofloxacin. The antibiotic ran its course for three hours and 1

mL was removed towards drop plating for the persistence assay.
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Table 4-6 provides a summary of the fold changes observed for the two strains. First, the hicA

(-1.34 fold) sample demonstrated a decrease in persistence upon exposure to Ciprofloxacin as the

antibiotic of choice. The negative fold change signaled that a deletion meant that we observed a

decrease in persistence. The second strain tested, yoeB (+5.04 fold) saw an increase in

persistence. Judging by these results of a positive fold change, a deletion meant that there was an

increase in persistence.

Strain Time
MG 1655 Wild Type: Flask 1 0 hour
3 hour

MG 1655 Wild Type: Flask 2 0hour

3 hour
BW25113 hicA: Flask 1 0 hour
3 hour
BW25113 hicA: Flask 2 0 hour
3 hour

BW25113 yoeB: Flask 1 0 hour
3 hour

BW25113 yoeB: Flask 2 Ohour
3 hour

Condition
No Treatment
Cipro5

No Treatment
Cipro 5

No Treatment
Cipro 5

No Treatment
Cipro5

No Treatment
Cipro 5

No Treatment
Cipro 5

CFU/mL
4E+08
3.53E+04

3.8E+08
3.33E+04

3.17E+08
2.47E+04

3.63E+08
2.07E+04

2.93E+08
1.80E+05

3.27E+08
9.00E+04

stdev %Survival
0.00E+00
2.52E+03 8.83E-03

3.61E+07
4.73E+03  8.77E-03

1.53E+07
2.08E+03 7.79E-03

1.53E+07
1.53E+03 5.69E-03

1.15E+07
1.00E+04 6.14E-02

2.31E+07
1.73E+04 2.76E-02

Table 4-6. Summary of findings for yoeB and hicA

Fold Change

-1.13E+00

-1.54E+00

6.95E+00

3.14E+00
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yiaG Strain
The final strain that was tested and still had its GCT site blocked was yiaG. Table 4-7 shows the

measured ODgoo measurements for the strain before the experiment began.

Strain Flask 1 Flask 2
MG 1655 Wild Type 0.804 0.798
MG 1655 yiaG 0.85 0.773

Table 4-7. ODgoo Readings for yiaG
For persistence assays, 1 mL was removed. Upon removal, 220 pL of 0.5 mg/mL Ciprofloxacin
stock was added to the WT samples, while 210 pL was placed in the yiaG 1 sample and 200 pL
into yiaG 2. The reason for the differing amounts of antibiotic added to the flasks was to
maintain a steady concentration of .005 mg/mL of Ciprofloxacin. The antibiotic ran its course for

three hours and 1 mL was removed towards drop plating for the persistence assay.
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Table 4-8 provides a summary of the fold changes observed for the two strains. The yiaG (+1.08
fold) sample demonstrated an increase in persistence. Judging by this result of a positive fold
change, a deletion meant that there was an increase in persistence. This was the last of the seven

strains that were tested which had an occluded GCT site.

Strain Time Condition CFU/mL stdev %Survival Fold Change
MG 1655 Wild Type: Flask 1 0 hour No Treatment 3.73E+08 3.21E+07
3 hour Cipro5 2.80E+04 1.73E+03 7.50E-03

MG 1655 Wild Type: Flask 2 0hour No Treatment 3.97E+08 5.77E+06

3 hour Cipro5 2.60E+04 2.00E+03 6.55E-03
BW25113 yiaG: Flask 1 Ohour No Treatment 3.10E+08 1.73E+07

3 hour Cipro5 2.33E+04 2.31E+03 7.53E-03  1.00E+00
BW25113 yiaG: Flask 2 0 hour No Treatment 3.10E+08 2.65E+07

3 hour Cipro 5 2.33E+04 1.53E+03 7.53E-03 1.15E+00

Table 4-8. Summary of findings for yiaG
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CHAPTER 5: DISCUSSION OF PHASE 1 & 2 RESULTS

All in all, there were a total of thirteen strains from the E. coli genome that were tested
using the persistence assay technique. Revisiting the hypothesis first postulated before
experimentation mentioned that the secondary structure of certain genes from the bacterium
would play a role in bacterial persistence in biofilms. The hypothesis stated that those genes
identified as susceptible candidates for MgsR attack at their open GCT sites, would be readily
degraded by the toxin and not lead to an increase in persistence. The opposite was also thought to
be true as well wherein candidates whose GCT structure had favorable hydrogen bonding
interactions with other nucleotides and sheltered it from MqsR attack would lead to an increase
in persistence.

Table 5-1 highlights the trends observed for the six strains tested in the first phase of
experiments. The strains of yaiZ, yggL, glgs, ogrK, and ydfZ all showed a negative fold change
which signified a decrease in persistence. The lone gene, tdcR, showed the reverse effect as it
displayed a positive fold change and signaled an increase in persistence. Although the majority
of these strains showed an expected decrease in persistence, their corresponding fold changes did
not warrant a conclusive finding. Consulting literature, it is only advisable to further examine a
strain if it exhibits at least a tenfold change in persistence’’. Unfortunately none of these strains

met the aforementioned criteria.
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Strain Fold Change Persistence Trend?

yaiZ -3.66 Decrease
yggL -8.24 Decrease
glgS -1.76 Decrease
ogrK -4.23 Decrease
ydfz -1.44 Decrease
tdcR 4.97 Increase

Table 5-1. Summary of Fold Changes for unmasked GCT site strains
Phase two experiments yearned to test the second part of the hypothesis that suggested that the
secondary structure of the gene can somehow prevent MgsR from degrading the gene and lead to
an increase in persistence. As Table 5-2 suggests, this hypothesis doesn’t seem to hold up quite
well either. Although the folding algorithm predicted the seven strains listed below would be
masked from MgsR degradation, this seemingly wasn’t always the case. The fold changes show
both increases and decreases in persistence for the strains. Furthermore, the magnitude of these
changes weren’t significant enough to draw any definitive conclusions.

Strain Fold Change Persistence Trend?

ygiw 1.37 Increase
yhhY 3.43 Increase
flgM -1.14 Decrease
yciH 1.59 Increase
hicA -1.34 Decrease
yoeB 5.04 Increase
yiaG 1.08 Increase

Table 5-2. Summary of Fold Changes for occluded GCT site strains
Before leaving these thirteen strains for future work, there was still a significant interest in the
hicA and yoeB strains. Considering the fact that the recognition site (GCU) was hidden due to
their secondary structures, a hypothesis was formed that suggested the overexpression of MgsR

in the wild type strains will lead to enrichment of these toxin mRNAs. When exposed to any
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stressful conditions, the cell might use one toxin (MgsR) to further up-regulate many more toxins
to rapidly change the cell physiology to go into the dormancy state. Furthermore, the
overexpression of MgsR was postulated to lead to an increased expression of the toxin
counterparts, YoeB and HicA. As a result, the knockout strains, hicA and yoeB would have a

greater growth rate compared to wild type strains during this overexpression.
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CHAPTER 6: FINAL PHASE GROWTH EXPERIMENT

As mentioned, the toxic nature of hicA and yoeB made them interesting strains to further
study. Although they did not exhibit significant fold change results (table 5-2), it was still
important to carry out a final experiment (aside from the persistence assay) to measure the
growth rate of these two strains when MqsR is overexpressed.

On the first day of the experiment, the three strains (WT, hicA, and yoeB) were streaked
on separate plates for colony growth. The hicA and yoeB strains were streaked on LB-
Kanamycin (Kan) 50 Chloramphenicol (Cm) 30 plates in order to maintain the deletion and
plasmid, respectively. The Wild Type was streaked on a LB-Cm 30 plate. All three plates were
placed in the incubator at 37 °C for overnight growth. The following day, six flasks were
prepared for inoculation and contained 25 mL LB media. For the four flasks that contained the
hicA and yoeB strains, 125 pL Kan (10 mg/mL stock) and 22 pL Cm (34 mg/mL stock) in order
to maintain a 50 pg/mL Kan concentration and 30 pg/mL Cm concentration. For the Wild Type,
again, only Cm was added to the pure LB. All flasks were placed in the shaker at 37 °C and 250
RPM. On the following day, all six flasks were removed and ODgyo measurements were taken
and recorded. The overnight culture was refreshed into 25 mL LB-Cm 30 in order to obtain an
ODggo reading ~0.05. The refreshed flasks were put into the shaker under the same conditions
and were allowed to grow for an eight hour period. Following one hour of growth, 1ImM IPTG
was induced into the flasks to overproduce MgsR when an ODgg reading of 0.1 was achieved.
After induction, growth was monitored on a consistent basis, every hour for a total of 8 hours

(table 6-1).



WT/pCA24N-mgqsR

Time (h) Flask1  Flask 2

0.033
0.097
0.173
0.242
0.278
0.297
0.326

0.42

0.51

00 NOU D WN R O

0.04
0.1
0.175
0.199
0.276
0.313
0.341
0.45
0.49

Average STDEV ~ Time (h) Flaskl  Flask 2

0.0365~ 0.00495 0 0035 0036
0.0985" 0.002121 1 0135 0.1
0.1747 0.001414 2 041 0264
0.2205" 0.030406 3 0508 0329
0.2777 0.001414 4 0704 0.47
0.305"0.011314 5 0823 0.53
0.3335” 0.010607 6 0993 0613
0.435” 0.021213 7 1.44 1
0.5" 0.014142 8 176 1.24

AhicA [pCA24N-mgqsR

Average STDEV
0.0355 0.000707
0.1175 0.024749
0.337 0.103238
0.4185 0.126572
0.587 0.165463
0.6765 0.207182
0.803 0.268701

1.22 0.311127
1.5 0.367696

0
1
2
3
4
5
6
7

8
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AyoeB [pCA24N-mgqsR
Time (h) Flask1l  Flask 2

0.039 N/A
0.125 N/A
0.234 N/A
0.256 N/A
0.35 N/A
0.388 N/A
0.461 N/A
0.64 N/A
0.58 N/A

Table 6-1. Growth rates (ODgoo measurements) charted over an 8 hour period

Average STDEV
0.039 N/A
0.125 N/A
0.234 N/A
0.256 N/A

0.35 N/A
0.388 N/A
0.461 N/A

0.64 N/A

0.58 N/A

The second trial of the yoeB strain was disregarded as it did not even begin to grow at all until

the seven hour mark. Charting the average OD values for the strains against time yielded

interesting results into the behavior of the toxins (Figure 6-1).

OD 600

1.6

1.4

1.2

0.8

*WT

0.6

W hicA

0.4

yoeB

0.2

Time, hr

10

Figure 6-1. Growth curve of strains with IPTG induction at one hour

The hicA strain demonstrated the greatest growth rate as it followed an exponential track.

Following the introduction of MgsR into the strains at one hour, hicA demonstrated rapid growth.

The next step was to try and quantify the growth observed by the strains by calculating an
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average growth rate and comparing it against the standard WT strain. To do this, a specific
growth rate was found for each colony by plotting the In ODgqo versus time. The range was then
narrowed to ensure a proper fit of data points and that it yielded a straight line. The slope of the

line corresponded to the specific growth rate which was then averaged for the two trials of each.

0 T T T T T T 1
3 3.5 4 4.5 5 5.5 6 6.5
-0.2 -
04 -
S -06 -
8
= 081 y = 0.1057x - 1.7036
R?=0.9881
-1
-1.2 1 y = 0.0796x - 1.6032
R? = 0.9905
-1.4 -
Time, hr
Figure 6-2. Specific growth rate for Wild Type
0 T T T T T T 1
1 1.5 2 25 3 35 4 45
0.2 -
04 -

y=0.2703x-1.4509
R? =0.9859

In (OD 600)
o)
o4}

1.2 - y=0.2884x-1.9314
R2=0.9817

1.4 -

16 -

Time, hr

Figure 6-3. Specific growth rate for hicA
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0 T T T T T T )
3 3.5 4 4.5 5 5.5 6 6.5
-0.2 -
= 04 -
é -0.6 -
£ 038 - y V
R?=0.9793
-1
-1.2 -
Time, hr
Figure 6-4. Specific growth rate for yoeB
Average Growth Fold Change
WT/pCA24N-mqsR 0.09265 +/- 0.018 1
AhicA/pCA24N-mgsR 0.27935 +/- 0.012 3.015
AyoeB/pCA24N-mgqsR 0.1377 1.486

Table 6-2. Specific growth rate during MgsR overproduction

Looking at the results displayed in the above table, hicA showed a better growth rate (+3.0)

compared to the other two strains after exposure of ImM IPTG. For at least the hicA strain, the
hypothesis seemed to hold true as it showed that the overexpression of MgsR did indeed lead to
an increased expression of the protein HicA. This can be validated by the fact that the knockout

strain tested above has a higher growth rate than its wild type counterpart.
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CHAPTER 7: CONCLUSIONS AND FUTURE WORK

The starting point and motivations for the research started with the understanding of the
protein GhoT. A protein within E. coli, GhoT was found to damage the membranes of cells and
lead to an increase in persistence. Inherent to this toxin was an antitoxin counterpart, GhoS
which was found to limit the toxic effects of GhoT by cleaving the protein’s mRNA (a newly
identified toxin/antitoxin system). The regulator, MgsR is intricately involved with the
aforementioned TA system as it degrades mRNA specifically at GCU sites in the transcript.
Interestingly enough, MgsR was found to cleave transcripts of antitoxin GhoS, which led to the
activation of its toxin counterpart, GhoT. As GhoT was activated, persister cell formation
occurred. Researchers tested an initial set of genes from the E. coli genome that were found to
lack GCU sites in their mRNA transcripts to determine the role of MgsR plays on increasing
persistence. When these genes were knocked out and exposed to MgsR, this reduced persistence.
When these genes were not knocked out and were intact in the genome and exposed to MgsR, an
increase in persistence was observed. The motivations were to find a similar relationship to the
ghoS/ghoT pairing by studying a select number of genes.

With these trends in mind, thirteen additional genes (with a singular GCU site) of interest
were examined using the persistence assay technique to test whether or not they exhibited an
increase or decrease in persistence when exposed to antibiotics. Six genes were studied in phase
one of the experiment as they had an exposed GCU site. In phase two, seven additional genes
were examined as they had a GCU site that was occluded by its secondary structure and it was
postulated that they would behave synonymously to the candidates tested in previous research

that had no GCT sites.
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Although none of the strains tested showed many definitive trends in persistence alone
when exposed solely to antibiotics (tables 5-1 & 5-2), future considerations may be taken to test
the masked versus unmasked GCU phenotype. Previous work has shown that the overexpression
of mgsR increases the formation of persisters as its toxin counterpart functions by cleaving
mRNA at GCU sequences’. By exposing the aforementioned thirteen knockout genes to MgsR in
large amounts would be a clearer indicator as to their role in persistence by measuring their
respective fold changes. Seeing that more 0 GCT site genes were found (Appendix C) than were
originally thought of, strains with these deletions should also be analyzed to see whether or not
they behave similarly to the original fourteen surveyed by previous researchers. There is even a
large abundance of one and two GCT site candidates that have yet to be analyzed. Furthermore,
experiments can be carried out using different antibiotics, stress conditions, or cell growth phases
(trying stationary versus exponential). The work performed through the technique of persistence
assays will hopefully be used as a launching point for future considerations which may show

more definitive trends in persistence in these strains of E. coli.



Dilution# 0,-1,-2,-3,-4
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution # 0
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution # 0
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution # 0
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
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Appendix A
Colony Counts for yaiZ and yggL

0 Hour Colony Counts

wT1 S yazz
-5 -6 -7 Dilution# 0,-1,-2,-3,-4 -5 -6 -7
37 5 Nothing Drop 1 Dense 48 9 Nothing
41 4 Nothing Drop 2 Dense 46 6 Nothing
36 2 Nothing Drop 3 Dense 34 5 Nothing

WT 2 o yemtr
-5 -6 -7 Dilution# 0,-1,-2,-3,-4 -5 -6 -7
45 4 Nothing Drop 1 Dense 25 6 Nothing
45 3 Nothing Drop 2 Dense 31 2 Nothing
42 7 Nothing Drop 3 Dense 29 3 Nothing

-5 -6 -7 Dilution# 0,-1,-2,-3,-4 -5 -6 -7
42 7 Nothing Drop 1 Dense 35 7 Nothing
51 5 Nothing Drop 2 Dense 34 6 Nothing
34 5 Nothing Drop 3 Dense 31 2 Nothing

Table A-1. Colony Counts for yaiZ and yggL before antibiotic addition

3 Hour Colony Counts

WT1 - yazz
-1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
24 2 Nothing Drop1l Dense 9 0 Nothing
31 3 Nothing Drop2 Dense 6 1 Nothing
28 3 Nothing Drop3 Dense 6 2 Nothing
WT 2 o yest2
-1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
35 7 Nothing Drop 1 30 5 3 Nothing
29 8 Nothing Drop 2 37 11 1 Nothing
32 3 Nothing Drop 3 30 10 0 Nothing

-1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
13 1 Nothing Drop 1 29 6 1 Nothing
12 2 Nothing Drop 2 23 1 1 Nothing
7 2 Nothing Drop 3 20 6 2 Nothing

Table A-2. Colony Counts for yaiZ and yggL after 3 hours of antibiotic addition
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Colony Counts for glgS and ogrK

0 Hour Colony Counts

WT 1 - g2

Dilution# 0,-1,-2,-3,-4 -5 -6 -7 Dilution # 0, -1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 32 2 Nothing Drop 1 Dense 29 7 Nothing
Drop 2 Dense 30 4 Nothing Drop 2 Dense 34 12 Nothing
Drop 3 Dense 30 1 Nothing Drop 3 Dense 39 8 Nothing

w2 o ogk1

Dilution# 0,-1,-2,-3,-4 -5 -6 -7 Dilution# 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 36 3 Nothing Drop 1 Dense 38 8 Nothing
Drop 2 Dense 39 1 Nothing Drop 2 Dense 48 5 Nothing
Drop 3 Dense 42 4 Nothing Drop 3 Dense 35 6 Nothing

o gt - ogk2z

Dilution# 0,-1,-2,-3,-4 -5 -6 -7 Dilution # 0, -1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 31 6 Nothing Drop 1 Dense 35 10 Nothing
Drop 2 Dense 35 7 Nothing Drop 2 Dense 41 10 Nothing
Drop 3 Dense 32 2 Nothing Drop 3 Dense 39 8 Nothing

Table A-3. Colony Counts for glgS and ogrK before antibiotic addition

3 Hour Colony Counts

wT1 S gles2
Dilution # 0 -1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 31 9 Nothing Dropl Dense 22 3 Nothing
Drop 2 Dense 27 3 Nothing Drop2 Dense 19 7 Nothing
Drop 3 Dense 30 4 Nothing Drop3  Dense 23 3 Nothing
wT 2 . gkl
Dilution # 0 -1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 28 5 Nothing Dropl Dense 9 4 Nothing
Drop 2 Dense 33 6 Nothing Drop2  Dense 11 1 Nothing
Drop 3 Dense 21 4 Nothing Drop3  Dense 5 1 Nothing
| - ogk2
Dilution # 0 -1 -2 -3,-4,-5,-6,-7 Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 16 2 Nothing Dropl Dense 7 0 Nothing
Drop 2 Dense 13 3 Nothing Drop2 Dense 7 0 Nothing
Drop 3 Dense 10 5 Nothing Drop3  Dense 7 1 Nothing

Table A-4. Colony Counts for glgS and ogrK after 3 hours of antibiotic addition



Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4

Colony Counts for tdcR and ydfZ

0 Hour Colony Counts

WT1
-5 -6 -7
40 6 Nothing
34 3 Nothing
35 6 Nothing
WT 2
-5 -6 -7
39 5 Nothing
39 7 Nothing
a4 7 Nothing

-5 -6 -7
37 5 Nothing
30 6 Nothing
35 5 Nothing
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Dilution # 0,-1,-2,-3,-4 -5
Drop 1 Dense 41
Drop 2 Dense 36
Drop 3 Dense 39

-6 -7
5 Nothing
8 Nothing
8 Nothing

Dilution# 0,-1,-2,-3,-4 -5
Drop 1 Dense 43
Drop 2 Dense 36
Drop 3 Dense 38

-6 -7
8 Nothing
10 Nothing
6 Nothing

Dilution# 0,-1,-2,-3,-4 -5
Drop 1 Dense 34
Drop 2 Dense 32
Drop 3 Dense 34

Table A-5. Colony Counts for tdcR and ydfZ before antibiotic addition

Drop 1 Dense

Drop 2 Dense

Drop 3 Dense
Dilution # 0
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
Dilution # 0
Drop 1 Dense Dense
Drop 2 Dense Dense
Drop 3 Dense Dense
Dilution # 0
Drop 1 Dense Dense
Drop 2 Dense Dense
Drop 3 Dense Dense

15
20
20

-1

-1

3 Hour Colony Counts

WT1
-2 -3,-4,-5,-6,-7
3 Nothing
1 Nothing
3 Nothing

WT 2
-2 -3,-4,-5,-6,-7
12 Nothing
16 Nothing
10 Nothing

-2 -3,-4,-5,-6,-7
12 Nothing
17 Nothing
14 Nothing

Dilution # 0 -1
Drop 1 Dense Dense
Drop 2 Dense Dense
Drop 3 Dense Dense

Dilution # 0 -1
Drop 1 Dense
Drop2  Dense
Drop 3 Dense
Dilution # 0 -1
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

-6 -7
7 Nothing
6 Nothing
9 Nothing

-2 -3,-4,-5,-6,-7
22 Nothing
18 Nothing
17 Nothing

-2 -3,-4,-5,-6,-7

12 Nothing Nothing
19 Nothing Nothing
14 Nothing Nothing

-2 -3,-4,-5,-6,-7

9 Nothing Nothing
8 Nothing Nothing
4 Nothing Nothing

Table A-6. Colony Counts for tdcR and ydfZ after 3 hours of antibiotic addition



0h

3.70E+08

4 10E+08
3.60E+08
3.80E+08
2.65E+07
100.0000
9.8465

CFU/mL
0h

4.50E+08
4.50E+08
4.20E+08
4 40E+08
1.73E+07
100.0000
5.5670

3 h ampl0

2 40E+04
3.10E+04
2 80E+04
2. J7E+04
3.51E+03

0.0073

0.0011

CFU/mL
3 h ampl0
3.50E+04
2. 90E+04
320E+04
3.20E+04
3.00E+03
0.0073
0.0007
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Derivation of Fold Change Calculations for yaiZ & yggL

MG1655 yaiZ 1

Mean

stdev

Survival %
stdev relto O h
fold change

Culture
MG1655 yaiZ 2

Mean

stdev

Survival %
stdev rel to 0 h
fold change

Table A-7. Calculated fold changes for yaiZ and yggL

0Oh 3 h ampl0
4.20E+08 1.30E+04
5.10E+08 1. 20E+04
3 40E+D8 7T.00E+03
4.23E+08 1.07E+04
§.50E+07 321EH03
100.0000 0.0025
284120 0.0009
0.35
-2.889528509

CFU/mL CFU/mL

0Oh 3 h ampl0
4 80E+08 9.00E+03
4.60E+08 6.00E+03
3 40E+D8 6.00E+03
4 27E+08 7.00E+03
71.57TE+07 1.73E+03
100.0000 0.0016
25.0875 0.0005
0.23
-4.432900433

MG1655 yggl 1

Mean

stdev

Survival %
stdevrelto 0 h
fold change

Culture
MG1655 yggl 2

Mean

stdev

Survival %
stdev rel to 0 h
fold change

0h 3 h ampl0
2.50E+08 3.00E+03
3.10E+08” 3.70E+03
2.90E+08 3.00E+03
2.83E+08 3.23E+03
3.06E+07 4.04E+02
100.0000 0.0011
15.2488 0.0002
0.16
-6.379996383

CFU/mL CFU/mL

0h 3 h ampl0
3.50E+08 2.90E+03
3.40E+08 2.30E+03
3.10E+08 2.00E+03
3.33E+08 2 40E+03
2.08E+07 4.58E+02
100.0000 0.0007
8.8318 0.0001
0.10
-10.1010101
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Derivation of Fold Change Calculations for glgS & ogrK

Culture CFUmL CFU/mL

MG1655WT 1 0h 3 h ampl0
3.20E+08 3.10E+04
3.00E+08 2.70E+04
3.00E+08  3.00E+04

Mean 3.07E+08 2.93E+04
stdev 1.15E+07 2.08E+03
Survival %o 100.0000 0.00%6

stdevrelto O h 5.3250 0.0008

Culture CFUmL CFU/mL

MG1655WT 2 0h 3 hampl0
3.60E+08 2.80E+04
3.30E+08 3.30E+04
420E+08 2.10E+04

Mean 3.90E+08 2.73E+04
stdev 3.00E+07 6.03E+03
Survival %o 100.0000 0.0070

stdevrelto O h 108786 0.0016

Table A-8. Calculated fold changes for glgS and ogrK

Culture CFUmL CFU/mL

MG1655 glgS 1 0 h 3 h amp10
3.10E+08 1.60E+04
3.50E+08 1.30E+04
3.20E+08 1.00E+04

Mean J2TEHE 1.30E+04
stdev 2.08E+07 3.00E+03
Survival % 100.0000 0.0040
stdev relto O h 9.0120 0.0010
fold change 0.42
-2.403367
Culture CFU/mL CFU/mL
MG1655glgS2 0 h 3 h ampl0

2.90E+08 2.20E+04
3A0E+08 1.90E+04
3 80E+08 230E+04

Mean JA40EH08 2.13E+04
stdev 5.00E+07 2.08E+D3
Survival % 100.0000 0.0063
stdevrelto O h 20,7973 0.0011
fold change 0.90

-1.116987

Culture CFU/mL CFU/mL

MG1655 ogrK 10 h 3h ampl0
3.80E+08 S.00E+03
4. 80E+08 1.10E+04
3.50E+08 5.00E+03

Mean 403E+08 833E+03
stdev 6.81E+07 3.06E+03
Survival % 100.0000 0.0021
stdevrelto0h  23.8670 0.0008
fold change 022
-4.629565
Culture CFUmL CFU/mL
MG1655 ogrk 20 h 3 h ampl0

3.50E+08 7.00E+03
4. 10E+08 T7.00E+03
3.90E+08 7.00E+03

Mean 3 83E+H08 7.00E+03
stdev 3.06E+07 0.00E+0D0
Survival % 100.0000 0.0018
stdevrelto O h 11.2709 0.0001
fold change 0.26

-3.833014
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Derivation of Fold Change Calculations for tdcR & ydfZ

MGI1655WT 1 0h

Mean

stdev

Survival %o
stdev rel to 0 h

Culture

4.00E+08
3 40E+08
3.50E+08
3.63E+08
3. 21E+07
100.0000
12,5121

CFU/mL

MG1655 WT 2 0h

Mean

stdev

Survival %
stdevrelto O b

3.50E+08
3.30E+08
4 40E+08
4.07TE+H08
2. 89E+07
100.0000
10.0382

CFU/mL CFU/mL

3 hampl
1.50E+04
2 00E+H04
2.00E+04
1.83E+04
2 89E+03

0.0050
0.0009

CFU/mL
3 h ampl0
1.20E+05
1. 60E+05
1 00E+05
1.27E+05
3.06E+04
00311
0.0078

Table A-9. Calculated fold changes for tdcR and ydfZ

Culture CFU/mL
MG1655tdeR 10 h
3_T0E+08
3 00E+08
3.50E+08
Mean 3 40E+08
stdev 3 61E+07
Survival %o 100.0000

stdevrelto O h 14,9971
fold change

Culture CFU/mL
MG1655tdcR 20 h
4. 10E+08
3 6G0E+08
3 S0E+08
Mean 3 87E+08
stdev 2.52E+H07
Survival %% 100.0000

stdevrelto O b 9.2044
fold change

CFU/mL
3 hampl0
1.20E+05
1.70E+05
1.40E+05
1 43E+05
2 52EH4
0.0422
0.0086
8135
-0.119693

CFU/mL
3 h ampl0
220E+03
1.80E+05
1.70E+05
1.90E+05
2 65E+H4
0.0491
0.0076
1.58
-0.63388

Culture CFU/mL CFU/mL

MG1655 vdfZ 1o h 3 h ampl0
430E+08 1.20E+04
J.60E+08  1.90E+04
3.50E+08 1.40E+04

Mean 3 93E+H08 1 50E+04
stdev 351E+07 3.61EH13
Survival % 100.0000 0.0038
stdevrelto 0 h 12 6268 0.0010
fold change 0.76
-1.32314
Culture CFU'mlL CFUmL
MG1655vdfZ 2 b 3 h amp10

3.50E+08 S.00E+04
3.20E+08 S.00E+04
3 40E+08 4.00E+04

Mean 3.50E+08 T7.00E+04
stdev J.61EHDT  2.65E+04
Survival % 1000000 0.0200
stdevrelto O h 14.5686 0.0078
fold change 0.64

-1.557377



Dilution# 0,-1,-2,-3,-4
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
Dilution# 0,-1,-2,-3,-4
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4

Table B-1. Colony Counts for ygiW and yhhY before antibiotic addition

Drop 1 Dense

Drop 2 Dense

Drop 3 Dense

Dilution # 0 -1
Drop 1 Dense 35
Drop 2 Dense 37
Drop 3 Dense 33
Dilution # 0 -1
Drop 1 Dense 36
Drop 2 Dense 38
Drop 3 Dense 34
Dilution # 0 -1
Drop 1 Dense 35
Drop 2 Dense 34
Drop 3 Dense 26

Appendix B

0 Hour Colony Counts

Colony Counts for ygiW and yhhY
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Dilution# 0,-1,-2,-3,-4

Dense
Dense
Dense

-5 -6 -7
31 5 Nothing
30 5 Nothing
34 3 Nothing

Dilution# 0,-1,-2,-3,-4

WT 1
-5 -6 -7
40 6 Nothing Drop 1
32 3 Nothing Drop 2
36 0 Nothing Drop 3
WT 2
-5 -6 -7
37 3 Nothing Drop 1
35 3 Nothing Drop 2
37 7 Nothing Drop 3

Dense
Dense
Dense

-5 -6 -7
30 3 Nothing
31 8 Nothing
23 2 Nothing

Dilution# 0,-1,-2,-3,-4

-5 -6 -7

17 1 Nothing Drop 1
22 4 Nothing Drop 2
19 2 Nothing Drop 3

3 Hour Colony Counts

WT1
-2 -3,-4,-5,-6,-7 Dilution #
10 Nothing Drop 1
4 Nothing Drop 2
6 Nothing Drop 3
WT 2
-2 -3,-4,-5,-6,-7 Dilution #
12 Nothing Drop 1
10 Nothing Drop 2
3 Nothing Drop 3

-2 -3,-4,-5,-6,-7 Dilution #
6 Nothing Drop 1
3 Nothing Drop 2
2 Nothing Drop 3

Dense
Dense
Dense

-5 -6 -7
37 9 Nothing
43 10 Nothing
38 4 Nothing

Dense
Dense
Dense

28
32
39

-2 -3,-4,-5,-6,-7
5 Nothing
0 Nothing
3 Nothing

Dense
Dense
Dense

0

Dense
Dense
Dense

-1

-2 -3,-4,-5,-6,-7
11 Nothing
12 Nothing
10 Nothing

Dense
Dense
Dense

0

Dense
Dense
Dense

-1

-2 -3,-4,-5,-6,-7
9 Nothing
13 Nothing
11 Nothing

Table B-2. Colony Counts for ygiW and yhhY after 3 hours of antibiotic addition
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Colony Counts for flgM and yciH

0 Hour Colony Counts

WT1
Dilution# 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 42 9 Nothing
Drop 2 Dense 40 11 Nothing
Drop 3 Dense 39 10 Nothing
WT 2
Dilution# 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 41 8 Nothing
Drop 2 Dense 37 6 Nothing
Drop 3 Dense 43 11 Nothing
S fgm1
Dilution# 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 29 4 Nothing
Drop 2 Dense 34 7 Nothing
Drop 3 Dense 32 5 Nothing

Dilution # 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 31 4 Nothing
Drop 2 Dense 37 7 Nothing
Drop 3 Dense 36 4 Nothing

Dilution# 0,-1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 32 5 Nothing
Drop 2 Dense 28 10 Nothing
Drop 3 Dense 32 10 Nothing

Dilution # 0, -1,-2,-3,-4 -5 -6 -7
Drop 1 Dense 38 4 Nothing
Drop 2 Dense 34 11 Nothing
Drop 3 Dense 42 13 Nothing

Table B-3. Colony Counts for flgM and yciH before antibiotic addition

3 Hour Colony Counts

WT1
Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 26 Nothing Nothing
Drop 2 Dense 25 Nothing Nothing
Drop 3 Dense 25 Nothing Nothing

WT 2
Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 27 10 Nothing
Drop 2 Dense 26 8 Nothing
Drop 3 Dense 33 4 Nothing
S fgma
Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop 1 Dense 20 1 Nothing
Drop 2 Dense 20 0 Nothing
Drop 3 Dense 18 2 Nothing

Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop1l Dense 19 6 Nothing
Drop2  Dense 19 6 Nothing
Drop3  Dense 21 4 Nothing

Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Dropl Dense 36 12 Nothing
Drop2  Dense 34 9 Nothing
Drop3  Dense 35 11 Nothing

Dilution # 0 -1 -2 -3,-4,-5,-6,-7
Drop1l Dense 31 7 Nothing
Drop2  Dense 35 11 Nothing
Drop3  Dense 36 12 Nothing

Table B-4. Colony Counts for flgM and yciH after 3 hours of antibiotic addition



Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
Dilution #

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
Dilution #

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense
Dilution #

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Colony Counts for hicA and yoeB

0 Hour Colony Counts

WT1
-5 -6 -7
40 7 Nothing
40 12 Nothing
40 10 Nothing
WT 2
-5 -6 -7
39 8 Nothing
41 10 Nothing
34 8 Nothing

-5 -6 -7
32 8 Nothing
30 8 Nothing
33 8 Nothing
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Dilution# 0,-1,-2,-3,-4

Drop 1
Drop 2
Drop 3

Dense
Dense
Dense

-5 -6 -7
35 4 Nothing
36 8 Nothing
38 8 Nothing

Dilution# 0,-1,-2,-3,-4

Drop 1
Drop 2
Drop 3

Dense
Dense
Dense

-5 -6 -7
28 5 Nothing
30 4 Nothing
30 5 Nothing

Dilution # 0,-1,-2,-3,-4

Drop 1
Drop 2
Drop 3

Dense
Dense
Dense

-5 -6 -7
30 5 Nothing
34 7 Nothing
34 2 Nothing

Table B-5. Colony Counts for hicA and yoeB before antibiotic addition

33
38
35

-1
35
37
28

-1
24
23
27

3 Hour Colony Counts

WT1
-2 -3,-4,-5,-6,-7
7 Nothing
8 Nothing
8 Nothing

WT 2
-2 -3,-4,-5,-6,-7
9 Nothing
9 Nothing
9 Nothing

-2 -3,-4,-5,-6,-7
5 Nothing
9 Nothing
5 Nothing

Dilution #
Drop 1
Drop 2
Drop 3

Dilution #
Drop 1
Drop 2
Drop 3

Dilution #
Drop 1
Drop 2
Drop 3

Dense
Dense
Dense

21
19
22

-2 -3,-4,-5,-6,-7
5 Nothing
5 Nothing
3 Nothing

Dense
Dense
Dense

0

Dense
Dense
Dense

-1

-2 -3,-4,-5,-6,-7
19 Nothing
17 Nothing
18 Nothing

Dense
Dense
Dense

0

Dense
Dense
Dense

-1

-2 -3,-4,-5,-6,-7
10 Nothing
10 Nothing

7 Nothing

Table B-6. Colony Counts for hicA and yoeB after 3 hours of antibiotic addition



Dilution# 0,-1,-2,-3,-4

Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

Dilution# 0,-1,-2,-3,-4
Drop 1 Dense

Drop 2
Drop 3

Dense
Dense

Dilution # 0
Drop 1 Dense
Drop 2 Dense

Drop 3 Dense

Dilution # 0
Drop 1 Dense
Drop 2 Dense
Drop 3 Dense

27
30
27

-1
28
26
24

Colony Counts for yiaG

0 Hour Colony Counts

WT1
-5 -6 -7
36 10 Nothing
41 8 Nothing
35 14 Nothing
WT 2
-5 -6 -7
40 13 Nothing
39 9 Nothing
40 11 Nothing

Dilution# 0,-1,-2,-3,-4 -5
Drop 1 Dense 32
Drop 2 Dense 29
Drop 3 Dense 32

Dilution# 0,-1,-2,-3,-4 -5
Drop 1 Dense 28
Drop 2 Dense 33
Drop 3 Dense 32

Table B-7. Colony Counts for yiaG before antibiotic addition

3 Hour Colony Counts

WT1
-2 -3,-4,-5,-6,-7
7 Nothing
5 Nothing
4 Nothing

WT 2
-2 -3,-4,-5,-6,-7
4 Nothing
2 Nothing
3 Nothing

-6 -7
10 Nothing
5 Nothing
10 Nothing

Dilution # 0 -1
Dropl Dense 26
Drop 2 Dense 22
Drop 3 Dense 22

-2 -3,-4,-5,-6,-7
3 Nothing
3 Nothing
3 Nothing

Dilution # 0 -1
Dropl Dense 25
Drop 2 Dense 22
Drop 3 Dense 23

Table B-8. Colony Counts for yiaG after 3 hours of antibiotic addition

-2 -3,-4,-5,-6,-7
2 Nothing
9 Nothing
2 Nothing
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Derivation of Fold Change Calculations for ygiWw & yhhY

MGI655WT 1 0h

Mean

stdew

Survival %
stdev relto 0 h

Culture

MG1655 WT 2

Mean

stdew

Survival %
stdevrelto 0 h

4.00E+08
3.20E+08
3.60E+08
3.60E+08
4.00E~07
100.0000
15.7135

3.70E+08

" 3.50E+08

3.70E+08
3.63E+08
1.15E+07
100.0000
4.4945

3 hcipro 5
3 50E+04
3.70E+04
3 30E+04
3.50E+H04
2.00E+03

0.0027
0.0012

CFU/mL CFU/mL
0h

I hcipro 5
3 60E+04
3. B0E+D4
3 40E+04
3 60E+D4
2.00E+03

0.0099
0.0006

MG1655 ygiw1 0 h 3 h cipro 5
1.J0E+D8  3.50E+04
220E+08  3.40E+04
1.90E+08 2.60E+04

Mean 1.93E+08 3.17EHM
stdev 2.52E+07 4.93E+03
Survival % 100.0000 0.0164
stdevrelto 0 h 18.4038 0.0033
fold change 1.68
-0.593367
Culture CFUmL CFU/mL
MGLO35ygiW2 0 h 3 hcipro 3

3.10E+08 2.80E+04
3.00E+0D8 3.20E+04
340E+D8 3.90E+04

Mean 3.17E+08 3.30E+04
stdev 2.08E+07 5.57EHN3
Survival % 1000000 0.0104
stdevrelto 0 h 92966 0.001%
fold change 1.05

-0.950792

Table B-9. Calculated fold changes for ygiW and yhhY

MG1655 vhhY 10h Ihcipro 5
3.00E+08 1.10E+05
3.10E+08 1.20E+05
2.30E+08 1.00E+0S

Mean 2. 80E+08 1.10E+05
stdev 436E+07 1.00E+04
Survival % 100.0000 0.0393
stdevrelto 0 h 220158 0.0071
fold change 404
-0.247475
Culture CFU/mlL. CFU/mL
MGLO35 yhhY2 0 h 3hcipro 3

3.70E+08 S.00E~04
4.30E+08 1.30E+05
3.80E+08 1.10E+05

Mean 3.93E+08 1.10E+05
stdev 3.21E+07 2.00E+04
Survival % 100.0000 0.0280
stdevrelto O h 11.5578 0.0056
fold change 2.82

-0.354295



Oh
4.20E+08
4.00E+0D8
3.90E+08
4.03E+08
1.53E+07

100.0000
5.3560

CFU/mL
0h

4.10E+08
3.70E+08
4.30E+08
4.03E+08
3.06E+07
100.0000
10.7120
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Derivation of Fold Change Calculations for flgM & yciH

Ihcipro 5
2 60E+04
2.50E+4
2 50E+H4
2.53E+HM
5.77TEH2

0.0063
0.0003

CFU/mL
Jhcipro 5
2. T0E+04
2 60E+H4
3. 30E+04
2 87E+HM
3.79E+03
0.0071
0.0011

MG1655 flgM1 0h 3heipro s
290E+08 2.00E+(4
I40E+08  2.00E+04
320E+08 1.80E+04

Mean 317EH08 1.93E+04
stdev 2.52EH7 1.15E+03
Survival % 1000000 0.0061
stdevrelto O h 11.23%0 0.0006
fold change 0.97
-1.028783
Culture CFU/'mL CFU/mL
MG1635fleM2 0 h 3 hcipro 5

3.10E+08 1.90E+04
3. 70E+08 1.90E+04
3.60E+08 Z2.10E+04

Mean JATEHE 197E+04
stdev 321IEHT 1.15E+HD3
Survival % 1000000 0.0057
stdevrelto O h 13.1136 0.0006
fold change 0.80

-1.252837

Table B-10. Calculated fold changes for flgM and yciH

MGle55veiH1 0Oh Jhcipro 5
3.20E+08 3.60E+04

" 2.80E+08 3.40E+04

3.20E408 3.50E+04

Mean 3.07E+08 3.50E+04
stdewv 231E+07 1.00E+03
Survival % 100.0000 0.0114
stdevrelto O h 10.6500 0.000%
fold change 1.82
-0.550335
Culture CFU/mL CFU/mL
MG1655 ychiH2 O h 3 h cipro 5

3.80E+08 3.90E+04
3 40E+08 3.50E+04
4 20E+08 3.00E+04

Mean 3 80E+08 3 67E+04
stdev 4 00E+H07 2.08E+D3
Survival % 100.0000 0.00%6
stdev rel to 0 h 148865 0.0012
fold change 1.36

-0.736589%



0h

4 00E+08
4 00E+08
4 00E+08
4.00E+08
0.00E+00
1000000
0.0000
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Derivation of Fold Change Calculations for hicA & yoeB

3hcipro 5

330E+04
3.80E+04
3.50E+04
3.53E+04
2.52E+03

0.0088

0.0006

CFUmL CFU/mL

0h

3 50E+08
4 10E+08

3 40E+08
3. B0E+08
3.61E+07
1000000
13.4185

3hcipro 5

3.50E+04
3.70E+04
2 80E+04
3 33E+04
4.73E+03

0.0088

0.0015

MG1655 hicAl 0h 3hcipro 5
3.20E+08 2.40E+D4
3.00E+08 230E+D4
3.30E+08 2.70E+04

Mean 3 17E+08 2 47E+04
stdev 1.53E+07 2.08E+013
Survival %o 1000000 0.0078
stdev rel to 0 h 6.8218 0.0008
fold change 0.88
-1.13400%
Culture CFU/'mlL. CFU/mL
MG1635 hicA2 0h Jhcipro 5

3.50E+08 2.10E+4
3.60E+08 1.90E+4
3.B0E+08 220E+4

Mean 3. 63E+08 207E+04
stdev 1.53E+07 1.53E+H13
Survival %o 1000000 0.0057
stdevrelto O h 5.9456 0.0005
fold change 0.65

-1.542162

MG1635voeB 1 Oh 3 hcipro 5

2 80E+08 1.80E+D5
3.00E+08 1.70E+05
3.00E+08 1.80E+05

Mean 293E+08 1.80E+05
stdev 1.1SE+07 1.00E+04
Survival % 1000000 0.0614
sidevrelto O h 3.5670 0.0042
fold change 6.95
-0.143951

Culture CFU/mL CFU/mL
MG1635yoeB2 0Oh 3hcipro s
3 40E+08 1.00E+05
3 40E+08 1.00E+05
3.00E+08 7.00E+04
Mean 32TE+08 9.00E+04
stdev 231E+07 1.73E+4
Survival % 1000000 0.0276
stdevrelto O h 9.9979 0.0036
fold change 3.14
-0.313389

Table B-11. Calculated fold changes for hicA and yoeB



Derivation of Fold Change Calculations for yiaG

Culture CFU/mL CFU/mL
MG1655 WT 1 0h 3 h cipro 5
3.60E+08 2.70E+04
4.10E+08 " 3.00E+04
3.50E+08 2.70E+04
Mean 3.73E+08 2.80E+04
stdev 3.21E+07 1.73E+03
Survival % 100.0000  0.0075
stdevrelto O h 12,1769 0.0008
Culture CFU/mL CFU/mL
MG1655 WT2 0h 3 b cipro 5
4.00E+08 2.80E+04
" 390E+08 2.60E+04
400E+08 2.40E+04
Mean 3.97E+08 2.60E+04
stdev 5.77E+06 2.00E+03
Survival % 100.0000  0.0066
stdevrelto O h 2.0584 0.00035

Culture CFU/mL CFU/mL
MGl635yiaGl Oh 3 hcipro 5
J20E+08 2.60E+04
" 2.90E+08 220E+04
J20E+H08 2.20E+04
Mean JI0E+H08 2.33E+H04
stdev 1.73E+07 231E+03
Survival % 100 0000 00075
stdevrelto O h 7.9016 0.0009
fold change 1.00
-0.996429

Culture CFU/mlL. CFU/mL
MGl1655yiaG2 Qh 3 hcipro 5
2. 80E+08 2.50E+H04
I 30E+-08 2.20E+04
J20E+-08 230E+04
Mean 3 10E+H08 2 33E+04
stdev 265E+07 1.53EH03
Survival % 1000000 0.0075
stdevrelto O h 12.0699 0.0008
fold change 1.15
-0. 870828

Table B-12. Calculated fold changes for yiaG
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Gene Name ENATvpe Function/Description Amino Acids
mal mBENA Begulatory leader peptide for tha operon 24
tipL mBENA Begulatory leader peptide for trp operon 14
fEisd mENA Restriction alleviation gene in Fac prophage 64
ptaF mBENA thrW pseudogene, CP4-6 prophage attachment site N/A — 40 nucleotides
psad mBENA ssrA pseudogene, CP4-37 attachment site duplication; putative defective prophage N/A — 14 nucleotides
yerG mBENA Fequired for swarmmg phenotype, function unkmewnymdF and veiG are paralogs. VoG 39
and YmdF may be related to small stress proteins (shares COG3 729 with GsiB of B.
subtilis) and appears to be regulated by BpoS.
yheV mBENA Function unknown 66
vjd0 mENA Function unkmewn 37
vkgE. mBENA Expressed protem, function unknown 33
ylbl mBENA The vlbI intemal fragment is N-terminzl, but missing the start codon Pseudogene, intemal | 31
frapment, Rhs family
ylcH mBENA Immuncblets of chromosemal SPA-tagged YlcH faled to show 2 band, mdicatmg that if 33
ylcH 15 2 gene, it 15 not expressed under the conditions tested Funetion unlmown, DLP12
prophage
vmdF mENA vmdF and yeiG are paralegs. YoiG and YmdF are similar to small stress proteins 37
(COG3T29) meludmg GsiB of B. subtlis and yoiG 15 repulated by BpoSFunction unkmown
ymgJ mBENA vmegl and ymg] are adjacent, drvergently oriented, and paralegous to one another Funchon | 61
umknown
yubiG mBENA Expressed protem, fimetion unkmown 21
ythA mRNA Expressed protem, function unknown 41
vqeG mFENA Expressed protein, fimetion umkmown 46
ypdE mENA Expressed protem, membrane-asseciated, fimction unkmown 23
ypdl mENA Tpdl zppears to be 2 pseudogene fragment encodmg the N-termmus (mmnus the start 17
codon) of an excisionasePssudogens, exisonase fragment, CP3-33/EpLEl prophage
yoeD mEMNA Pseudogene, CP4-44 putatve defective prophage; C-termmnal fragment of 2 putstive 42
transposase
actZ (ybhT) mENA accessory factor stebilizmg or modulatmg the actABTolC efflux pump through AcB £
binding AcrAB-TolC efflux pump accessory protein, membrans-associated
azul mBENA Expressed protem, membrans-assoctated 23
hisL mFENA his operen leader peptide 16
v mENA Expressed protein, fimetion umkmown 16
ok mBENA 3-hydroxypropionic acid resistance peptide 21
KilE. mFENA Killmg function of the Rac prophags during zygotic induction; causes cell division arrest 73
and altered cell morphology, suppressed by fisZ overexpression
metl. mEMNA The mgtA pene 1= regulated by a nboswitch respondmg to Mg(2+) and the MgtL leader 17
peptide respendmg to mtracellular prolme levelsRegulatory leader peptide for metA
pauD mFENA argl pseudogene, DLP12 prophage attachment site N/A 45 nucleotides
pawZ mENA CP5-33 prophage attachment site 2ttR 2rgW psendogene N/A 13 nucleotides
phel mENA pheA gene regulatory leader peptide 15
tteC mRNA Pseudogene, prophage Rac mtegration site ttcA duplicationThe ttcC” pseudogene is a 17

remnant 17 2a displaced from the erigmal chromosomal ttcA gene
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vbiQ mENA Pszudogene, H repeat-associated protem, FhsC-linked: putative defective transposaseN- 19
terminzl domain fragment, matches first 79 residues of paralogs Thhl, VdeC, ThiD,
peendogene Thil, and the more distant pseudogene paralog Yncl. Putative transposase
fragment
cyst RNA Cysteine tRNA(GCA) N/A 74 muclzotides
leuW RNA Leucme tRNA(CAA) 3; anticoden has cme(5)U N/A 83 nucleotides
leuX BNA Lencme tRNA(UAA) S (amber [UAG] suppressor) N/A 83 nucleotides
Ei RNA Glutamine RNAUUG) 1 N/A 73 nuclzotides
glnW RNA Glutamme RNA(UUG) 1 N/A 73 nucleotides
glnV BNA Glutamne (RNACUG) 2 N/A 73 nucleotides
¥ RNA Glutamine tRNA(CUG)2 N/A 73 nucleotides
eltT BNA Glutamate (RNAUUC)2 N/A 76 nucleotides
Eii BENA Glutamate tRNAUUC)2 N/A 76 nucleotides
gltly BNA Glutamate tRNA(UUC)2 N/A 76 nucleotides
gltw BNA Glutamate (RNAUUC)2 N/A 76 nucleotides
aspV RINA Aspartate tENA(GUC) 1 triplicated gene N/A 77 mucleotides
zsnl] RNA Asparapme RNA(GUL) N/A 76 nucleotides
2znW BENA Asparagime t(RNA(GUL) NA 76 nucl=otides
aspT RIMNA Aspartate tENA(GUC) 1 triplicated gene N/A 77 nudleotides
asnT RNA Asparagime t(RNA(GUL) N/A 76 nuclzotides
2snV RNA Asparagme tRNA(GUU) N/A 76 nucleotides
asplJ RINA Aspartate tENA(GUC) 1 triplicated gene N/A 77 nucleotides
proK ENA Prolins (ENACGGE) 1 N/A 7T nucl=otides
proL BENA Prolms (BNA(GGE) 2 N/A 7T nucl=otides
tpT RINA Tryptophan tRNA(CCA) N/A 76 nucleotides
vl ENA Tyrosine tRNA(GUA)2 MN/A 83 nucl=otides
T RINA Tyrosine tRNA(GUA) I; tandemly duplicatzd N/A 33 nuclzotides
tyrV RINA Tyrosme tRNA(GUA) 1; tandemly duplicated N/A 35 nucleotides
micA sRMNA Induced during stationary phase. RpoE regulon. Hig-bound MicA antisense sRNA binds N/A 78 nucleotides
the EBES region of ompA mENA, blocking translation and promoting mEMNA
degradation sEINA regulztor of ompA, lamE, ompX and phoP, Hfg-dependent
cmtB sENA Hig-dependent omrA and onuB sENAs downregulate curli gene activator CsgD post- N/A 32 nuclzotides
transcriptionally and repress curli formanonsENA downregulatng OM protems and cusli;
positively regulated by OmpR/EnvZ; binds Hig
rdlC sENA Antisense sENA RAIC affects LdrC translation; proposed addichion moedule m LDR-C N/A 63 nucleotides
repeat, with toxic peptide LdrC
rdlD sENA Antisense sENA RAID affects LdrD translation; proposed addiction module m LDR-D N/A 66 nuclzotides
repeat, with toxic peptide LdiD
rdlA sENA Antizense sENA RdlA affects LdrA translation; proposed addiction module m LDE-A N/A 67 nucleotides
repeat, with toxie peptide LdrA
rdlB sENA Antizense sSENA RAIB affects LdrB translation; propesed addiction medule m LDR-B N/A 66 nucleotides
repeat, with toxie peptide LB
tif sENA MNovel sENA, function unknown MN/A 136 nucleotidas
sroH sENA Movel sENA, function unknown N/A 161 nucleetides




69

1viB sEMNA Novel sENA, fimetion unkmewn N/A 90 nucleotides
rydC sEMNA sENA regulztor of yeJABEF; over-sxpression causes 2 thermesensitive growth phenotype | N/A 64 nucleotides
on minimal glyeerel, maltose, or ribose media
rviD sRINA Nowvel sENA, fmction unknown N/A 143 nuelzotides
2ad¥ sEMNA patrs with the 3" end of gzd¥ mRNA to stzbilize itgad¥ zlse has twoshort forms: @0 and | N/A 103 nucleetides
39 nt. RpoS regulon. Found only n E. coli. sRINA regulator of gadAE transcriptional
activater GadX mENA
merR sRINA sENA zffectimp sensitivity to antmicrobial peptides; regulated by PhoPQ and Mg(2+)An | N/A 98 nuclzotides
mgerE. deletion confers a 10-fold merszse m Polymyxin B resistance, ndicating a probable
change in LPSvgd() and eptB are negatively regulated by the mgtF. sRINAThe sENA
mgrF. and the adjacent converging protem gene yneld are conserved and are zlse
expressed m Salmonella
riB ENA 35 tRINA of rmB operon N/A 120 nucleotides
il ENA 35 tRNA of rmD opeton N/A 120 nucleotides
riF ENA 35 tRNA of rmD opeton N/A 120 nucleotides
ofH ENA 35 tRNA of rmH operon N/A 120 nucleotides
A ENA 35 fRINA of rmA operon N/A 120 nucleotides
rfC ENA 35 tRNA of rmC opeton N/A 120 nucleotides
riE ENA 35 tRINA of rmE operon N/A 120 nucleotides
G RINA 38 fRINA of rm(G operon N/A 120 nucleotides

Table C-1. Chart documentation of 0 GCT site généé
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Gene Name ENA Tvpe Amino Acids KEIO/ASKA Collection
vhh' mPENA 162 K- Plat 33, Well 7C A:Plate 30, Well 10H]
yhiA mPENA 134 K- Plate 33, Well 3D A Plate 43, Well 10G
yEiW mENA 130 E: Plate 33, Well TA AcPlate 33, Well 2D
yeeL mBENA 108 K- Plat= 61, Well 2C ArPlate 32, Well 12E
voill mENA 108 E: Plate 21, Well 4E A: Plate 20, Well 3B
izl (elbA) mRNA 107 EC Plate 31, Well 8G A Plate 46, Well TA
mgsE (yzill) mENA a8 K- Plate 33, Well 6G A Plate 22, Well 6G
flzhl mPNA 97 E: Plate 89, Well 12H AcPlate 15, Well 8C
vials mFENA 26 E: Plate 33, Well 10H A Plate 44, Well 4C
yegll mENA 26 E: Plate 62, Well 6G A:Plate 43, Well 8E
eutN (echE) mENA 93 K- Plate 27 Well SE A Plate 31, Well 10C
thiB mPNA o4 E: Plate 1, Well 4F Az Plate &, Well 11H
gath mFNA 94 K- Plate 53, Well 6G A Plate 72, Well 3F
racC mENA o1 E: Plate 63, Well 24 A:Plate 20, Well 3D
veal mFNA 90 E: Plate 11, Well 2D A Plate 21, Well TE
yihL mENA 36 E: Plate 27, Well 4C A Plate 31, Well 12H
voeB mENA 54 E: Plate 62, Well IF A Plate 45, Well 7D
ydeY mFNA il K- Plate 13, Well 12D A Plate 70, Well 5C
yodD mENA 73 E: Plate 77, Well TA A: Plate 48, Well 4D
yhiH mFNA 73 E: Plate 17, Well 9B A Plate 3, Well 3G
yitF mENA 72 K- Plate 87, Well IE A Plate 43 Well 3B
ygel mBENA 2 K- Plat= 79, Well 3B A Plat= 48 Well 3D
tdcR. mFENA 72 E: Plate §7 Well 6F A Plate 48, Well 3C
ogrk mENA 72 E: Plate 63, Well 44 AcPlate 22, Well 5A
mfA mENA 72 NONE A Plate 9 Well 8B
vad mPENA n E: Plate 73, Well 1F A Plate 48, Well 2D
cspH mRNA 70 K Plate 83, Well 11F A Plate 48, Well 2B
rebA (vd2C) mENA 62 E: Plate 13, Well 8E A Plate 20, Well 3B
ydfZ mFNA 67 E: Plate 13, Well 1G A Plate 20, Well 11H
iscX (yfhl) mENA 66 K- Plate 17, Well 5E A Plate 31, Well 124
glgs mFNA 66 K- Plate 5, Well 3G A Plate 33, Well 3C
ydiD mFENA 3 E: Plate 11, Well 6D A Plate 21, Well 2D
hicA (yncN) mENA 38 E: Plate 67, Well 10A Az Plate 47, Well 8H
ymel mENA 57 NONE
ydeA mPENA 57 K- Plate 13, Well 11T A-Plate 20, Well 8D
yoiZ mRNA 37 NONE
msB mENA 37 E: Plate 77. Well JE A:Plate 47 Well 8E
ek mENA 33 E: Plate 79, Well 124 A Plate 47, Well 5C
vjis mRENA 54 E: Plate 39, Well 5B A Plate 46, Well 4A
ynfN mENA 31 E: Plate 67, Well 10G A:Plate 47, Well 8F
vdaF mBENA 31 E: Plate 13, Well 8G A:Plate 20, Well 3G
ecnB mBENA 43 E: Plate 63, Well 11C Az Plate 47, Well 7C
vobE mBENA 47 K Plate 83, Well 2B A:Plate 22, Well 10C
ykz0 mENA 16 NONE
sra mENA 43 K: Plate 37, Well 3E A-Plate 11, Well 6C
bl mFENA 41 E: Plate §5, Well 9D A:Plzte 47, Well 5B
vmiB mFENA 34 NONE
whL mFENA 32 E: Plate 89, Well 6C A:Plate 44 Well 7G
ynehd mFENA 51 NONE
vnhF mFENA 29 NONE
kdpF mRENA 29 E: Plate 67, Well 24 A Plate 7, Well 9F
uef mBENA 28 NONE
leul mENA 28 E: Plate 41, Well 2H ArPlate 1, Well F
ydgll mBENA Fi NONE
ygel mBENA 26 NONE
voat mENA 24 NONE
yobl mENA 21 NONE
thel. mFENA il E: Plate 79, Well 11D NONE
yoel mFENA 20 NONE
ypih mFENA 10 NONE
1hsC mFENA 19 NONE
thsE mFENA 19 NONE
eV mENA 17 NONE
2l mENA 121 nt NONE
oRYS mENA 110 nt NONE
vthA pseudogsns 164 K: Platz 89, Well 1G A:Plate 40, Well TE
k] pseudogene [ E: Plate 17, Well 8F A: Plate 22, Well TF
yiblJ pseudogene 66 NONE
ysaD pseudogens 64 NONE
mtG pseudogene 34 K: Plate 67, Well 12H NONE
voeH pseudogene 33 NONE
yhil pseudogene 49 NONE
wrdF pseudogsne 47 NONE
vmjC pseudogsne 46 K Plate 13, Well BH A Plate 20, Well 4F
vsaC pseudogsne 33 NONE




71

sokA pseudogens 30 nt NOMNE
vkgP pseudogene 29 NONE
e pseudogene 29 NOMNE
vkgT pseudogene 26 NONE
vmjD pseudogens 21 NONE
spf sENA 109 nt NONE
miclC sENA 109 nt NONE
me sENA 96 nt NONE
mick sENA 93 nt NONE
omrA sEMNA 38 nt NONE
chix sENA 34 nt NONE
ohsC sEMNA i nt NONE
rvbB sENA 68 nt NONE
rydB sEMNA 68 nt NONE
sokE sENA 39 nt NONE
sokB sENA 36 nt NOMNE
sokC sENA 33mt NONE
dick sEMNA 33nt NONE
selC [N 83 nt NONE
serlJ RNA 90 nt NONE
seri ENA 33 nt NONE
ser] RNA 33 nt NONE
serW ENA 33 nt NONE
valW RNA 11 nt NONE
valV RNA 11 nt NONE
probd RINA 77 nt NONE
argl] ENA 1l nt NONE
thr W EINA J6nt NONE
thrlU RINA 76 nt NONE
phel ENA 16 nt NONE
pheV [N 7o nt NONE
Iys ¥ RINA 76 nt NONE
pheV [N 7o nt NONE
IysY EINA J6nt NONE
lysV RNA 76 nt NONE
IysT EINA J6nt NONE
Iys RNA Jont NONE
lysW [N 16 nt NONE
Iys0) ENA 76 nt NONE
zgW RIA Iint NONE

Table D-1. Chart documentation of 1 GCT site genes
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