Lab 09: Genomic Instability
Poster 2: Escherichia coli

Introduction

Mutation is generally not considered a form of gene regulation, because mutations are generally rare. However, inversions catalyzed by specific enzymes called

invertases occur at higher rate. Are they a new form of genetic regulation?

Bacteroides fragilis’ key to success of existing in the human gut lies in the ability to modulate gene expression at multiple loci scattered throughout the
genome. Such a feature enables Bacteroides fragilis to switch on and off particular genes by DNA inversions in the promoter regions. In our lab we study
the genetic mechanism of random switching of polysaccharide utilization loci (PULs) expression in Bacteroides. PULs expression is determined by the genetic
which either enable or disables the expression of the PUL. This process, which alters genetic
expression and is known as phase variation, is an important bacterial virulence factor. The rate of switching and conferred phenotypes are unknown.

variation a cell has. Overall, there are two variations,

Inspired by such mechanism, a special E. coli strain was created, which mimics the mechanism of phase variation by containing both invertase and additional

inverted repeat sites near the lac-operon.

Lac+ cells’ (Figure 2) are able to express the lac-operon, which is a reason why whose cells can ferment lactose. On the other hand, Lac- cells’ (Figure 2)

genome are structured in a way that blocks the expression of the lac-operon,

switching has a chance to shed some light on the phenomenon of phase variation.
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In the lab of Genomic Instability we used engineered E. coli to study rapid inversions for regulation of lac phenotype. Lac+ mﬂ ﬂ

which results in cells that cannot ferment lactose. The study of lac-operon
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Methods

1. Plasmid transformation

Used Milli-Qe water

Prepare CaCl2 to dissolve CaCl2
solution to 106mM
concentration '
peating
times
s )
_ Wash with CaCl2 Added culture to TP— Ce“;géggggd at
and centrifuge CaCl2 solution SO
Transformation —
Placed them in
| Heatsshock  Treubeted the cells i oo futthe celle on
methOd for 38 minutes (42°C) for 2 minures
for 30 seconds
Plate the competent Added 1 ml LB, Plated 100ul of the
— cells incubated (37°C) with culture onto a plate with

% shaking Kanamycine, then incubated
and incubate Farly R for overnight

Escherichia coli str. K-12 substr. MG1655

2.0

1.0-
3 ‘Arr%%szl\
o2 8 W ¥ 8§ o——w =
5 10

Figure 1

2.PCR + Gel electrophoresis

Polymerase chain reaction is a method that is used to significantly
increase small concentrations of certain DNA fragments in biological
material. PCR was used to check whether inversion has occurred,
the primer pairs 567+568 for Lac+ and 567+569 for Lac- orientation. DNA

concentration in the PCR product was measured using NanoDrop.

PCR results were visualized by gel electrophoresis. Gel electrophoresis
is a way to separate DNA fragments by size. 1% agarose gel with SYBR

Safe or EtBr as a stain was used.

using

Results

e Tetracycline was used in order to induce the invertase on the
plasmid. We used sub-inhibitory concentration of tetracycline,
as it slow downs the bacteria growth, due to the absence of
resistance against it.

e Despite the fact that a sub-inhibitory concentration of
tetracycline was used, we could not distinguish the inversions
and quantify the frequency by phenotype.

e In addition, leaving bacteria with tetracycline overnight
eventually caused decrease in their number, reaching 0 at the
end. (Figure 3)

e Without addition of tetracycline the exponential growth of
number of bacteria was observed. (Figure 4)

e In Figure 5 there are three lac+ colonies and one lac- colony.
The pink phenotype of bacteria colonies come from their ability
to ferment lactose (lac+). They produce acidic byproducts
changing the pH of media and color of indicator to pink
accordingly. On the other hand, bacteria that have a white
appearance are not able to ferment lactose (lac-).

e Figure 8 shows amplified DNA from an induced colony of
RR690+plasmid, using the primers 567+569 from Figure 2. The
double bands indicate a heterozygous Lac+,Lac- sample

Figure 8

: Tkb+ ladder

: 567+568 (colony 1)

: 567+568 (colony 2)

: 567+569 (no template)
: 567+569 (colony 2)
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3. MacConkey Agar

To be differentiated, bacteria samples were plated on
MacConkey agar. Lactose fermenting bacteria due to
production of acidic byproducts cause the pH of the
media to decrease. This 1is detected by a neutral red pH
indicator that turns from white to bright pink as the pH
decreases below 6.8 (Allen, 20610). Consequently,
non-lactose fermenting bacterias will have a white
appearance as there will be no change in pH.
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Side project

Our goal for this part of the project was to test how stresses affect the
fitness and random switching of the lac-operon. In this case, we investigated
heat stress, though effects of other environmental stresses could have been
investigated such as pH and concentration of aTC.

Heat shock with a heat block was the best option for our purpose. We started
by doing serial dilutions down to the 10%-12 of the overnight culture. Then
we pippeted dilutions 10%-7 through 10%-12 for each of our time slots. The
time points we measured were 30 sec, 1 min, 5 min, 10 min, 15 min, and 360
min. We conducted the experiment by putting them into the heat block at 72
degrees celsius and taking them out at their respective times.

Our results showed that bacteria die after spending 5 mins or more at this
temperature (Figure 7), though smaller intervals would provide a more
accurate figure at which bacteria die. Our results also showed no variation
in phenotypes between the different time points at which the bacteria
survived. An absence of colour variation between the 2 MacConkey plates
(Figures 6 a and b) showed us that heat stress most likely does not lead to
more frequent switching of the lac-operon in the bacteria. However a lower
temperature, such as 50-60 degrees celsius, results in higher fitness of the
bacteria and smaller intervals between time slots. By conducting an
experiment with the data above we may receive a much more reliable data in
the future. Figure 7
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