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The rate of T7 phage-mediated lysis of Escherichia coli growing
in exponential phase is not affected by deletion of rpoS
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SUMMARY RpoS is an Escherichia coli sigma factor shown to regulate genes in response
to various environmental and internal stressors. Previous studies have investigated the role
of RpoS in a mechanism known as a cross-protection, in which prior exposure to one
stressor leads to increased tolerance to a subsequent stressor. Pre-treatment with
subinhibitory levels of antibiotics have been used in several studies in an attempt to elicit a
delay in phage-lysis, with varying and contradicting results. We propose that the delayed
T7-mediated lysis phenotype may be growth phase dependent as the stress response sigma
factor RpoS is known to be expressed in stationary phase. Here, we attempted to perform
phage lysis assays on wild-type (WT) and rpoS knockout strains of Escherichia coli strains
growing in stationary and exponential phase, to look for differences in the time to observe
bacteriophage-mediated lysis. We did not observe differences in the time of phage-mediated
lysis between wild type and rpoS knock-out strains of E. coli growing in exponential phase.
An attempt was made to compare phage-mediated lysis time of E. coli grown in exponential
and stationary phase, however, technical issues related to normalizing optical density
prevented meaningful comparisons. In conclusion, our study characterizes the E. coli rpoS
knock-out strain JW5437-1 at the nucleotide level, compares the growth curves of a wild
type and rpoS knock-out strain of E. coli, and shows that phage-mediated lysis times are not
different between these strains when growing in exponential phase, which suggests RpoS
plays no role in this phase.

INTRODUCTION

E scherichia coli, like many bacteria, utilizes diverse mechanisms to regulate gene

expression in response to environmental stimuli. RpoS (6S) is an E. coli sigma factor

responsible for regulating genes during stationary phase and starvation and is upregulated in

response to external or internal stress (1). Upon activation, RpoS binds to RNA polymerase

(RNAP), controlling its association with specific promoter regions in the genome, and

hence the transcription of different genes (1). This mechanism allows the cell to respond to

a diverse array of stressor signals through transcription-level regulation of the genome.
Global transcriptomes of bacteria show an extensive number of genes being expressed

in response to seemingly unrelated stressors (2). Previous studies have proposed that

crosstalk between various stress response mechanisms may be involved in cross-protection,

a mechanism in which prior exposure to one stressor leads to increased tolerance to a

subsequent stressor (2, 3). Given its role as a global regulator, RpoS has often been selected

as a primary target of investigation for its potential role in conferring cross-protection (3,

4). However, the role of RpoS in conferring cross-protection is not well understood. Published Online: September 2020
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Cho et al. treated E. coli B23 with sub-lethal concentrations of aminoglycoside and beta-
lactam antibiotics prior to T7 phage exposure (8). These cells exhibited delayed lysis
compared with cells received no treatment (8). However, when the role of RpoS in cross-
protection against bacteriophage infection was investigated, it was shown to be non-
essential by Krystal et al. (3). Additionally, another study by Beskrovnaya et al. found that
antibiotics did not confer any bacteriophage resistance (4).

This discrepancy in results can potentially be explained by asking whether there is a
difference in bacteriophage mediated lysis time at different stages of growth. Previous
studies on cross-protection have focused primarily on the expression of RpoS in exponential
phase E. coli (3, 8-10). However, there are studies that have questioned the role of RpoS in
exponential phase cells (11-13). RpoS is shown to be upregulated in the stationary phase
(2), which is likely a product of increased stress (i.e. nutrient deficiency and/or waste
accumulation), that warrants higher RpoS-dependent gene expression (14). If rpoS is only
expressed at higher levels in stationary phase cells, exponential phase cells treated with sub-
lethal concentrations of antibiotics would exhibit little or no delayed T7 phage-induced
lysis. As such, we decided to measure T7 lysis times in E. coli growing in exponential phase
and stationary phase in order to establish the role (or lack thereof) RpoS has in conferring
cross-protection against bacteriophage.

We hypothesized that upregulation of RpoS in the stationary phase E. coli will lead to
delayed phage-mediated lysis, when compared to exponential phase E. coli. Additionally,
insufficient levels of RpoS in exponential phase E. coli will lead to faster onset of phage-
lysis when compared to stationary phase cells. To investigate this, we attempted to assess
wildtype and rpoS knockout E. coli strains in both stationary and exponential phase for
differences in onset of bacteriophage-mediated lysis. We expected the stationary WT
samples to exhibit delayed onset of phage-lysis compared to the exponential WT samples,
and both exponential and stationary rpoS-knockout samples. However, we were unable to
assess the differences between growth phases due to technical issues related to normalizing
optical density. Despite this, we found that phage-mediated lysis times are not different
between both strains when growing in exponential phase, which suggests RpoS does not
play a role in conferring phage resistance in this phase.

METHODS AND MATERIALS

Bacterial strains and bacteriophage used in this study. Wild type E. coli K-12
(BW25113) and rpoS knockout mutant (JW5437-1) strains were obtained from the in-house
collection at the Department of Microbiology and Immunology at the University of British
Columbia. All cells were grown in Luria Bertani (LB) medium at 37°C on a shaker (200
rpm) for 24 hours prior to use. In this paper, strains BW25113 and JW5437-1 are referred
to as wild type (WT) and ArpoS, respectively. T7 phage stock used for propagation was also
obtained from the in-house collection.

T7 bacteriophage propagation. 50 uL of WT overnight culture was added to 5mL LB
media and incubated at 37°C on a shaker (200 rpm) until a desired ODsoo (0.5-1.0) was
measured. 1mL of T7 phage stock solution was then added to the cell culture. The infected
cells were incubated in a 37°C shaker (200 rpm) until clearing or reduced turbidity was
observed. To induce cell lysis and phage release, 1% w/v chloroform was then added into
the infected cell cultures. The cultures were centrifuged for 10 minutes (2750 x G, 4°C).
The supernatant was filter sterilized using 0.22um PES membrane filters and the phage
stock was stored at 4 °C.

Double agar overlay plaque assay to determine T7 phage titre. 50uL of the WT
overnight culture was added to 5 mL of LB liquid media. The subculture was incubated at
37°C on a shaker (200 rpm) until log phase (ODsoo ~ 0.5). 100pL of the overnight culture
was then mixed with 100uL of T7 phage of varying dilutions (undiluted, 10-2, 10-4, 10-6, and
10-s). The phage-cell mixtures were incubated for 10 minutes prior to transfer into 3mL

0.75% (w/v) LB top agar. The solution was vortexed and poured onto the underlay 1.5%
(w/v) agar LB plate. Three replicates were performed, and plates were incubated at 37 °C
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overnight. The plaques were quantified on the following day. T7 bacteriophage titer was
determined based on plaque forming units (PFU) per mL.

PCR and agarose gel electrophoresis to confirm rpoS knockout mutant (JW5437-1)
strain. Colony Polymerase Chain Reaction (PCR) was performed by selecting a single
isolated colony and placed it in the PCR mix. Each PCR mix was prepared with 0.4 uM
forward and reverse primers, 1.5 mM MgCI2, 0.2 mM dNTP mix, 1x Taq polymerase
(Invitrogen) as well as 1x PCR buffer (Invitrogen). Primers were designed to flank the
kanamycin resistance gene (Table 1). Three replicates were performed with WT as our
positive control. PCR was performed in the Bio-Rad T100TM Thermal Cycler (Bio-Rad
Laboratories, Inc.) programed to first lyse the cells by running at 95°C for 5 minutes. The
Thermal Cycler was then run denaturation at 95°C for 30 seconds, annealing at 58°C for 30
seconds, extension at 68 °C for 30 seconds, and repeat for 50 cycles, followed by a final
extension at 68°C for 5 minutes. PCR products were then held in the Thermocycler at 4 °C
overnight and purified using PureLink PCR Purification Kit (Invitrogen). Both PCR
products and a 100 bp DNA marker were run on a 1% (w/v) agarose gel containing SYBR
Safe DNA Gel Stain (Invitrogen) in 0.5x Tris/Borate/EDTA (TBE). Gel was run in 1x TBE
buffer at 100V for 60 minutes. Bands were visualized using the Gel Doc UV imager. The
PCR products were then sequenced and confirmed via Sanger sequencing (Genewiz
company). The results were blasted against the reference genome in the NCBI database.

PCR and agarose gel electrophoresis to confirm T7 phage stock purity. Polymerase
Chain Reaction (PCR) performed consisted of 1.036 x 10'°M T7 bacteriophage stock, 0.2
uM forward and reverse primers, 1.5 mM MgClz, 0.2 mM dNTP mix, 1x Taq polymerase
(Invitrogen) as well as 1x Taq polymerase buffer (Invitrogen). T7-specific primers were
designed to amplify the gp10A gene of T7 phage while T4-specific primers, amplifying the
gp23 gene of T4 phage, was also used as a negative control to check for T4 contamination
(Table 1). Three replicates were performed. PCR was performed in the Bio-Rad T100TM
Thermal Cycler (Bio-Rad Laboratories, Inc.) programed to run denaturation at 95°C for 30
seconds, annealing at 58°C for 30 seconds, extension at 68°C for 30 seconds, and repeat for
50 cycles, followed by a final extension at 68°C for 5 minutes. PCR products were then held
in the Thermocycler at 4°C overnight and purified using PureLink PCR Purification Kit
(Invitrogen). Both PCR products and a 100 bp DNA marker were run on a 1% (w/v)
agarose gel containing SYBR Safe DNA Gel Stain (Invitrogen) in 0.5x Tris/Borate/EDTA
(TBE). Gel was run in 1x TBE buffer at 100V for 60 minutes. Bands were visualized using
the Gel Doc UV imager. The PCR products were then sequenced and confirmed via Sanger
sequencing (Genewiz company). The results were blasted against the reference genome in
the NCBI database.

TABLE. 1 PCR primer sets and expected annealing temperature

UJEMI

Gene Primer Sequence (5°-3°) ('(I)'(r:n ) Annealing Temperature (°C)
Forward: TGGTGCGTATGGGCGGTAAT 69.6
rpos Reverse: TGCCGCAGCGATAAATCGG 68.5 716
Forward: CGAGGGCTTAGGTACTGC 64.7
T79p10a  Reverse: GGTGAGGTGCGGAACTTC 65.9 68.0
Forward: 656
T4 gp23 GCCATTACTGGAAGGTGAAGG 66.6
Reverse: TTGGGTGGAATGCTTCTTTAG 63.2
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M NE PE rpoSKO P7 N7 T4 T7 FIG. 1 PCR analysis confirms that the

o kanamycin resistance cassette was removed from
WT to create ArpoS as well as the presence of T7
gp10a gene without T4 phage contamination.
PCR was performed using isolated colonies of
ArpoS with rpoS primer flanking the kanamycin
resistance cassette (7poS KO 1-3). The T7 phage
purity was also confirmed with T7 gDNA using
both T7 primers (T7 1-3) as well as T4 primers
(T4). WT colonies was used as template for our
positive control (PE, P7) while distilled water for
negative control (NE, N7). Amplicons were
resolved on a 1% agarose gel at 100V. Image of the
gel was taken using the UV light viewing cabinet.
Successful removal of the cassette should yield a

WT and ArpoS growth curves. 50 uL of WT and ArpoS E. coli overnight culture were
each added to 5 mL of LB liquid media. The subculture was incubated at 37 °C on a shaker
(200 rpm) till the expected ODsoo (~0.02). 200 pL of each subture was loaded to the 96well
plate. Ten replicates were run with sterile LB as the blank. The plate was incubated at 37°C
in the BioTek Epoch plate reader for 24 hours with linear shaking every minute. Measured
ODsoo was plotted against the time that the samples were taken to obtain the growth curve
for both WT and ArpoS. The early exponential phase, late exponential phase and stationary
phase were determined based on the curve with a conversion factor of 1 ODsoo=8 x 108
CFU/mL for cell concentration calculation.

Phage lysis assays. The susceptibility of WT and ArpoS E. coli strains to T7 phage lysis
was first confirmed by infecting a 5 mL overnight subculture sample of each strain with T7
bacteriophage stock solution and observing the clearing of the cell cultures. 50 pL of WT
and ArpoS overnight culture were each added to 5 mL of LB liquid media. The subculture
was incubated at 37 °C on a shaker (200 rpm) until an ODsoo of 0.1 for exponential phase
and 0.6 for stationary phase cells. Bacteriophage T7 was diluted to a multiplicity of
infection (MOI) of 0.05 and 0.1, according to the following equation:

(pfu/mL)x(mL Phage)
Number of cells

MOI=

Ninety uL of WT cells (ODsoo= 0.1/0.6) were loaded to the 96 well plates, together with 10
uL of T7 phage solutions (MOI=0.05/0.1). Seven replicates were performed with same
method repeated for ArpoS. Sterile LB was used as blank while WT and ArpoS overnight
culture without T7 phage were used as our control. The plate was run in the BioTek Epoch
plate reader at 37°C for 2 hours with linear shaking every minute.

RESULTS

PCR analysis and Sanger sequencing confirms the disruption of rpoS gene in ArpoS E.
coli strain (JW5437-1). To observe the effects of RpoS during phage-mediated lysis, we
compared the lysis curves of the wild type E. coli K-12 (BW25113) and ArpoS E. coli strain
(JW5437-1). In order to confirm the rpoS knockout in the ArpoS E. coli strain (JW5437-1),
colony PCR and gel electrophoresis were performed. Colony PCR was used to amplify the
rpoS gene region in the ArpoS E. coli strain (ArpoS) and gel electrophoresis was performed
to confirm the purity of the colony PCR-amplified products. Colony PCR was successful as
the rpoS knockout samples all yielded single bands at around 400bp and the negative
control did not have any PCR products (Fig. 1). Even though the positive control for the
colony PCR failed to work, the positive control for the T7 PCR worked. Since both positive
control samples are the same except for the annealing temperature, it indicated that the
September 2020 Volume 25: 1-9 Undergraduate Research Article ¢« Not refereed https://jemi.microbiology.ubc.ca/ 4
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positive control in the colony PCR was not successful, possibly due to the low annealing
temperature.

In order to observe the knockout in the rpoS gene, the PCR-amplified products were
then sent to Genewiz for Sanger sequencing. The sequencing result using the rpoS forward
primer was then aligned against the WT reference genome in the NCBI database. Since
JW5437-1 has a kanamycin resistance cassette in place of the rpoS gene, successful removal
of the cassette should yield a band of approximately 300bp in size, including a start codon, a
scar sequence of 81 nucleotides in length, 18 nucleotides in the 3’ region of the rpoS gene,
and a stop codon (10). The BLAST result showed that the PCR product we obtained from
the ArposS strain indeed has a missing segment in the middle when compared to the original
rpoS gene (Fig 2A). The resulting amplicon sequence is 383 nucleotides long with 25
nucleotides aligning with the 5° region and 120 nucleotides aligning with the 3’ region of
the rpoS gene (Fig S1). Within the first 25 nucleotides, we observed a nucleotide sequence
that indicates a start codon. Similarly, within the 120 nucleotides in the 3” end there is a
stop codon sequence. The middle of the amplicon consisted of a 34-nucleotide-long partial
scar sequence called FRT (FLP recognition target) sites (16). This region is seen in the
ArpoS strain indicating that a gene cassette was removed from the strain using FLP
recombinase, leaving a FRT sequence (also known as a ‘scar sequence’) behind (16).
Between the partial scar sequence and the regions that match up with the rpoS gene, there
are sequences that do not match up to either the rpoS gene or the scar sequence (19
nucleotides before and 26 nucleotides after the partial scar sequence).

E. coli strain JW5437-1 bearing a deletion of rpoS shows decreased growth rate and
yield compared to an isogenic wild type strain. In order to compare the effect of RpoS
level in the stationary phase versus the exponential phase during phage-mediated lysis, we
need to be able to harvest cells in these particular cell phases. The parameter we chose to
use is ODsoo readings for cells in exponential and stationary phases. To determine the
respective ODsoo readings, we obtained the growth curves for both the ArpoS and WT

A

Forward primer

> Reverse primer
rpoS
FIG. 2 The rpoS gene in the ArpoS strain is a
combination of the front and back portion of
! the original rpoS gene with the kanamycin-
ACAGCGCTTC CAAATOGTTA resistance cassette (Kan) removed, leaving

\ / FRT \ / with a FRT region in between. Colony PCR
. e —— was performed with 7poS primer flanking the
kanamycin resistance cassette. The blast result of
the PCR product sequence shows that ArpoS
strain has a partially deletion of the 7poS gene in
B the middle replaced by a FRT (FLP recognition
target) site. Since the original Kan cassette is
flaked with FRT (FLP recognition target) site,
rpos the leftover 7poS gene sequence in the strain is a
combination of the front and back portion of the
original rpoS gene with a scar sequence in the

m IK l — middle.
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FIG. 3 The ArpoS and WT strains have
distinctive growth curves. On the graph,
“RpoS” represents the ArpoS strain and the
“WT” represents the wild type E. coli K-12
strain. The growth curves were measured over
24 hours at 37 °C (n = 8) with a constant linear
shaking (A). ArpoS and WT showed similar
growth patterns before 6 hours. However, as
time progressed, ArpoS cells grew distinctive
slower compared with WT cells. In order to
determine the exponential and stationary
phases for both strains, a semi-log graph was
generated based on the growth curve (B). The
exponential phase was determined when ODsoo
readings increased shapely and stationary phase
was when the graph plateaued. Hence, an
ODsoo reading of 0.1 and 0.6 were used to
harvest cells in exponential and stationary
phase respectively.

0 4 8 12 16 20 24
Time (hr)

strains (Fig. 3A and 3B). The ODsoo readings for exponential and stationary phase were
determined to be 0.1 and 0.6, respectively. The ArpoS and WT had growth curves with
distinctive patterns. In the exponential phase, the two strains showed no difference,
however, from the start of the stationary phase onwards, the ArpoS cells started to show a
lower ODsoo readings compared to the WT cells. The difference in ODsoo readings increased
between the two strains as the growth curve proceeded.

Confirming T7 bacteriophage stock solution titering and purity. Based on the double
agar overlay plaque assay, the T7 phage stock solution was determined to have a
concentration of 2.59 x 101 T7 phage/mL (Table S1). To determine the purity of the T7
phage stock solution we made, we performed PCR and gel electrophoresis with primer sets
designed to amplify T7 gpl0a and T4 gp23 genes. The resulting amplified product should
be 296bp and 398 bp respectively (3). The gel image showed that there are strong single
bands for T7 phage ran with T7-specific primers and no product yield for the sample ran
with T4-specific primers (Fig. 1). The strong single bands all have been observed to have a
sequence size of around 300bp, which corresponds to the expected size of 296bp. The
amplicons were also sent for Sanger sequencing. The sequencing results matched with the
bacteriophage T7 genome in the NCBI database (Data not shown). The amplicons
confirmed the identity of T7 bacteriophage in the stock solution and the lack of amplicon
using T4-specific primers indicated that the T7 stock solution we have is high in purity.

Lower levels of RpoS expression in the WT exponential phase lead to no delayed
phage-mediated lysis. In order to test the susceptibility of WT and ArpoS E. coli strains to
T7 phage lysis, we infected an overnight subculture sample of each strain with T7
bacteriophage and looked for the clearing of the cell cultures. Since both samples showed
significant clearing compared with no treatments, T7 was confirmed to lyse both ArpoS and
WT strains of E. coli. To observe the role of RpoS on delay phage lysis in stationary phase
and exponential phase cells, we performed lysis assay on both the WT and ArpoS E. coli
strains using T7 phage. Lysis curves were generated to compare the time of onset for T7
phage-mediated lysis in two different strains to see if there is a delay in lysis. All control
samples showed continuous increase in ODsoo readings indicated that the cells were in a
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healthy state and hence the decrease in ODsoo readings were due to T7 phage lysis in

treatment groups. From the lysis curves of the exponential phase cells, it is shown that the

ArposS strain lysed at the same time as the WT strain. Even though cells in stationary phase

showed a delay in lysis in WT compared with ArpoS strain, cells were started with different

ODeoo readings and hence no conclusion can be drawn confidently (Data not shown).

DISCUSSION

RpoS has been found to regulate gene expression in the stationary phase of E. coli
growth cycle (1). Studies investigating the involvement of RpoS in decreasing E. coli
susceptibility to T7 phage lysis found contradicting results (3, 4, 8). When Cho et al. treated
E. coli B23 with sub-lethal concentrations of antibiotics prior to T7 phage exposure, the
cells exhibited delayed lysis compared with cells received no treatment (8). However, when
the role of RpoS in E. coli was investigated by Krystal et al, it was shown to be non-
essential in increasing tolerance against bacteriophage infection. (3). We noticed that
previous studies investigating the role of RpoS in relation to E. coli phage susceptibility
have focused primarily on exponential phase E. coli (3, 8-10). Since RpoS is a global stress
regulator that induces the expression of different stress genes, including genes responsible
for phage lysis, its higher expression in the stationary phase compared to exponential phase
may be the reason why there are discrepancies between previous studies. (1). As such, we
chose to investigate whether or not the presence of RpoS in different phases of growth,
specifically between the stationary and exponential phase, has an effect on E. coli
susceptibility to T7 phage lysis. To further examine the findings of previous research, we
hypothesized that the presence of rpoS in the E. coli genome was involved in delayed
phage-induced lysis in the stationary phase, and its absence in the genome or low level of
expression in the exponential phase will not lead to a delay in phage induced lysis.

We designed our experiment to compare the effects of different stages of growth on
RpoS dependent delay in T7 phage induced lysis. In order to do so, we performed a growth
curve analysis to identify the timing and the ODsoo readings associated with exponential
growth phase and stationary growth phase (Fig. 3). We acquired a rpoS mutant strain
(JW5437-1) to be able to compare it to wildtype (BW25113) as rpoS has been proven to be
transcribed in stationary phase. We also characterized the rpoS mutant using PCR and
Sanger sequencing (Fig. 1 and 2). Finally, we designed a lysis assay to measure time of
lysis under different conditions (Fig. 4).

0.12

0.08

S —WT exponential state MIO=0.05
X 0.06 bt
o —WT exponential state MIO=0.1
RpoS exponential state MIO=0.05
—RpoS exponential state MIO=0.1

0.04

0.02

0.01 0.22 043 0.63 0.84 1.05 1.26 1.4 1.68 1.88
Time (hrs)
FIG. 4 The WT and ArpoS cells in exponential phase show no difference in T7 phage lysis time. 90ul of cells in LB
and 10uL of T7 phage (MOI = 0.05/0.1) were incubated for 2 hours at 37 °C (n = 7). Both WT and ArpoS showed similar
lysis pattern in exponential phase, indicating the insignificance of rpoS in exponential phase cell lysis. Cell lysis was also
independent of T7 phage concentration as cells treated with different MOI had consistent lysis pattern.
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For this study, we obtained the strains used in a previous study by Krystal et al. The
sequencing results show a partial knockout of the rpoS gene. This form of gene knockout is
likely a result of the removal of the kanamycin-resistance cassette that was initially located
within the ArpoS cell genome. In 2018, Krystal et al. reported that they removed the
kanamycin-resistance cassette from the ArpoS strain (Fig. 2B). Therefore, the leftover rpoS
gene sequence in the strain is a combination of the front and back portion of the original
rpoS gene with a scar sequence in the middle.

When comparing the growth curves for WT and ArpoS, we found that the growth curves
showed distinct patterns (Fig. 3). From the growth curves, it was shown that the WT
samples were able to grow to a higher final concentration as measured by the higher ODsoo
readings (Fig. 3). This divergence in growth rate between WT and ArpoS is potentially due
to the presence or absence of a functional rpoS gene. ArpoS mutants have been shown to
have a lower biomass yield and overall concentration compared to the wildtype (15).
Rahman et al. attributed the disruption of growth to the dysregulation in enzyme expression
and changes in metabolism due to lack of RpoS activity (15). Hence, the difference in
growth curves demonstrate the importance RpoS gene regulation and how it affects the
growth rate of E. coli. It also indirectly confirms that the ArpoS mutants we have lack a
functional rpoS gene, and hence likely have minimal levels RpoS protein expression.

Cells in exponential and stationary phases were collected based on the growth curves
ODeoo readings. T7-phage mediated lysis assay was then performed with different cell
phases. The results obtained from the lysis curve analysis showed similar lysis time upon
T7 phage infection for both WT and ArpoS samples in exponential phase. This is in
alignment with the findings of Krystal et al., which shows that the loss of RpoS does not
result in greater susceptibility to T7 phage-induced lysis in exponential phase E. coli (3).
From this we can see that RpoS may have little to no role in the mediation of resistance
against T7 phage-lysis in the exponential phase. However, for samples in the stationary
phase, it is difficult to compare our results due to the discrepancy in the initial ODsoo values.

Conclusions In this study, we confirmed that the ArpoS mutant (JW5437-1) has a partial
knockout of the rpoS gene with a partial scar sequence in the middle. Additionally, the
growth curves of the E. coli K-12 wild type (BW25113) and ArpoS mutant (JW5437-1)
showed distinctive patterns, which further confirms that the ArpoS mutant (JW5437-1) lacks
a functional growth factor rpoS. ODsoo readings on the growth curves were used to harvest
cells in the exponential and stationary phases for the lysis assay. The lysis assay showed
that for both E. coli K-12 wild type (BW25113) and ArpoS mutant (JW5437-1) samples in
the exponential phase, the time of T7-mediated lysis was similar. For the cell samples in the
stationary phase, we were unable to draw a conclusion due to the discrepancy in the initial
ODsoo values.

Future Directions Due to the different starting ODsoo readings of stationary phase cells, no
conclusion can be drawn confidently despite an apparent delay in phage lysis in WT
compared with ArpoS. Hence, in order to confirm the role of RpoS in delay phage lysis, the
experiment should be repeated again with same starting ODsoo readings. Additionally, the
RpoS level in different strains should be quantified in order to show a direct correlation
between RpoS level and phage-mediated lysis. Hence, for later experiments, western blot
analysis should be performed. If our hypothesis is correct, we will see a higher level of
RpoS in the WT stationary phase E. coli and delayed in phage-mediated lysis when
compared to ArpoS stationary phase cells. Furthermore, since past studies use subinhibitory
levels of antibiotic treatment to induce rpoS expression while generating distinct results, it
would be beneficial for future research to elicit RpoS expression with antibiotic treatment in
stationary phase cells to test our hypothesis and also resolve the discrepancy between other
studies. Finally, a logical continuation of this experiment could be performing the lysis
assay with different bacteriophages, such as T4 phage, to see if there are any similarities to
the response seen with T7 phage. This can allow us to know if RpoS plays a role in delayed
phage-mediated lysis for T7 phage only or other bacteriophages as well.
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