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Stability of plasmid pBR322 within Escherichia coli

cells

Abstract

Insertion of plasmids into the bacterial cells is of great significance especially in course
of the transfer of drug resistance, virulence and other traits. Retention of plasmids within
the host bacteria is therefore an important factor for bacterial homeostasis. Current study
inferred the pBR322 plasmid stability within the Escherichia coli competent cells. The
calcium chloride heat shock method was used for the transformation purpose. The plasmid
retention phenomenon was assessed through the replica plating. The results positively

showed the plasmid retention within E. coli.
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Introduction

Plasmids, the self-replicating genetic elements, separated from the
host chromosome, are widely distributed among bacteria, yeast and
archea, imparting the host specific traits like adaptation to specific
habitats, production of virulence factors, resistance to antibiotics,
heavy metals, degradation of xenobiotics or other attributes.'* The
general mechanisms involved in the maintenance of plasmid within
the host cells have been reported as the random or active partitioning,
plasmid addiction systems, horizontal gene transfer, positive selection
for the plasmid encoded genes, etc.!** Plasmids like pBR322,
pACYC177, pBAD24, pUC118, etc. have long been known as the
common vectors (with some broad-host-range plasmid vectors with
additional cloning sites i.e., the polylinker sites and the improved
antibiotic-resistance genes) to genetically manipulate a range of
microorganisms especially the most commonly used model bacterium
Escherichia coli and some other hosts.> '

An interesting aspect of plasmid DNA transformation into the host
bacterial cell lies within the findings that the transformed plasmids can
be lost during the bacterial cell growth in absence of selection pressure
like the saturation of the appropriate concentration of the required
antibiotics like ampicillin with the growth medium." In the antibiotic
free medium (antibiotic representing the drug-resistance marker of
the particular plasmid), the plasmid-bearing and the plasmid-free
cells may differ in growth revealing a relatively slower growth rate
among the transformants; i.c., the plasmid bearing cells.!" However,
supplementation with low dose of the corresponding antibiotics may
sustain the plasmid stability." Regarding the plasmid stability, several
suggestive evidences include:

a. The appearance of plasmid-free cells due to the result of
segregational instability of a resident plasmid;

b. The kinetics of DNA synthesis and plasmid segregation;

c. Replication and segregation of plasmid copies to daughter
cells; and the

d. Dynamics of plasmid persistence in the absence of

selection.!»1>13

Such segregation and selection model (SS) further suggested the
inclusive study of the growth dynamics of two bacterial populations:
one, consisting of plasmid containing cells and the second, consisting
of plasmid-free cells, which delivered a simple system of equations
whereby it was assumed that the abundance of the plasmid-free cells
might increase due to the faults in the plasmid segregation machinery.!

Most recently a highly sensitive method to measure the plasmid
stability in Gram-negative bacteria has been reported which is based
on the counter-selection of the plasmid bearing cells using an aph-
parE cassette together with the kanamycin resistance marker (aph).'®
Several experimental evolution studies relating to plasmid stability
demonstrated the importance of selection for the plasmid presence,
the compensatory evolution of the plasmid or the role of the host
chromosome influencing the plasmid retention.!”'* According to
these lines of experimental results, the current study was designed
specifically to examine the plasmid stability in E. coli cells.

Material and methods

For the transformation of pBR322 plasmid into Escherichia coli
cells, the calcium chloride heat shock method was followed.!® At first
the competent cells of E. coli were prepared according to the standard
protocol.® Cells were washed with 0.1 M CaCl, for three times in
ice-cold condition. An aliquot of 1.5 ml of competent cells was used
to conduct transformation using 1pl of plasmid. The plasmid was
homogeneously mixed with the competent cells and kept at 42 °C for
1 min; and then was quickly transferred to ice (0 °C) and kept for 2
minutes. After such heat shock procedure, 0.5 ml of Luria Bertani
(LB) was added and kept at 37 °C water batch (with 100 rpm) for an
hour. After this adaptation, 100 pl of the culture was spread onto the
LB plates containing amplicillin in 50 pg.mL"' concentration (LB,
the Master Plates). Plates were incubated at 37 °C overnight and the
appearance of the transformants was observed. For replica plating
of the Master Plates (M) containing the E. coli colonies retaining
the pBR322 plasmids, sterile velvet cloths were used. Plates were
incubated at 37 °C for 12 hours the appearance of the transformants
was observed on this Master Plate (M). Sterile velvet cloths were used
to make the Replica Plate (R) and the Control Plate (C, LB medium
without drug).
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Results and discussion

Our results showed that E. coli cells were transformed successfully
by the plasmid pBR322; and the plasmid retention was nearly 100% as
was noticed in the replica plate (Figure 1). The Master Plate was kept
at 4 °C for 5 days and the replica plating was conducted in the similar
way. The plasmid retention; the transformant colonies decreased by
nearly 50% (results not shown). However, in such replica plating
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experiment, the only selection pressure was the addition of the drug
ampcillin (at a concentration of 50 pg.mL"). Nevertheless, this data
efficiently showed the plasmid retention assessment in E. coli cells.
Besides, as stated above, a remarkable feature of plasmid DNA
transformation into the host bacterial cell is their instability during the
microbial growth in absence of the selection pressure as in the case of
the current study, the drug-resistance marker, ampicillin.

Figure 2 Estimation of pBR322 plasmid retention capacity by E. coli cells.

In the model proposed by Werbowy et al.!, it was shown that upon
cell division, each daughter cell inherits a particular amount of plasmid
molecules from the mother cell. At the beginning of the experiment;
i.e., at the early exponential phase, all the transformants were noticed
to retain the plasmids,’ which is actually not different from our
observations too. In the exponential phase whereby the plasmids
are expected to segregate randomly between the two daughter cells,
the number of plasmid bearing cells may slightly decrease. After
cell division, the inherited plasmid molecules may replicate only
once per cell cycle! which may actually lead to the loss of plasmids.
One important aspect in our experiment would be pondering of the
ascending concentration of the selective drug which may infer better
observation of the plasmid retention capacity. Secondly, multiple
hosts can be selected for the future experiments which would
definitely clearly show the variations of plasmid retention capacity
within different microbial species.

After transformation of pBR322 into the E. coli competent cells
(as described in the Materials and Methods), the transformants were
subjected to replica plating from the Master Plates (M) with the aid
of sterile velvet cloths. Upon incubation for 12 hours at 37 °C, the

transformants were observed and enumerated on the Replica Plate (R)
consisting of ampicillin antibiotc at the prescribed concentration. A
Control Plate (C) was also used for the precision of the experiment.

3-ml of LB broth was inoculated with one loopful colony from the
10-days old Master Plate (as explained in Figure 1) which was kept
at 6 °C, and the broth culture was incubated for 4 hours till the optical
density at 600 nm (OD, ) reached approximately 0.6 (meaning the
log phase growth). 10 pl was spread onto the LB plates supplemented
with amplicillin. Following the similar procedure as stated in
Figure 1, plates were incubated at 37 °C for 12 hours to examine the
appearance of the transformants; i.e., the second Master Plate (M).
Then the replica plating experiment was conducted and the retention
of the transformants was noticed on Replica Plate (R). A Control Plate
(denoted as C; i.e., the LB medium) was also used without the drug.

Conclusion

The study clearly showed the phenomenon of plasmid retention
within the E. coli transformants. However, future experiments with
the increasing concentrations of the antibiotics (serving as the drug
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resistance markers) would clarify the precise plasmid retention
capacity among various natural microbial strains as well as would
unravel the freuency of natural transformation of plasmids within the
envirnment.
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