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Co-transformation of the plasmids pBR322 and pUC19 has been shown to result in 
exclusion of pBR322 from transformed cells. The underlying mechanism for this 
exclusion is believed to be due to differences between the two plasmids including size, 
genetic mutations, and the presence or absence of specific genes. One such gene of 
potential importance is the rom gene, which has been shown to stabilize an interaction 
between RNAI and RNAII, inhibiting DNA replication in pBR322. This study investigates 
a derivative of the plasmid pBR322 with a specific mutation in the ribosome binding site 
of rom, pIK054, and compares it to pUC19 and pBR322 in co-transformation studies. It 
was expected that because of the mutation to the rom ribosome binding sequence, the rom 
gene product would not be formed and replication would increase in pIK054. It was 
found that despite this mutation, pIK054 did not outcompete pBR322 directly, and was 
still excluded during co-transformation with pUC19. The data suggests either that 
additional changes to the pBR322 plasmid are necessary to account for the improved 
replication of pUC19, or that the mutation to the ribosome binding site did not inhibit 
translation of the rom gene product. Future studies can investigate the presence of the 
rom gene product or the relative affinities of the ribosome to the ribosome binding site of 
the rom gene. In addition, a future study can systematically investigate the regions of 
pBR322 (or pIK054) that can improve replication.  

 
 

 
Plasmids pUC19 and pBR322 are popular cloning 

vectors with the former being a higher-copy derivative 
of the latter (3). During co-transformation of the two 
plasmids, exclusion of pBR322 and retention of pUC19 
has commonly been observed (10). The reason for this 
exclusion has been attributed to a number of differences 
between pUC19 and pBR322 which ultimately affect 
plasmid replication, including size, mutations near the 
origin, and loss of the rom (RNA one modulator) gene. 

Size has been considered a potential reason for 
increased replication of pUC19 because it is close to 
one half the size of the parental pBR322. It is therefore 
expected that if replication between the two plasmids 
were constant, pUC19 would have a shorter replication 
cycle, and therefore be more easily maintained than 
pBR322. 

When size has been kept relatively constant, 
mutations near the origin have also been shown to have 
an effect on replication. ColE1-type replicons such as 
pBR322 and pUC19 initiate replication through an 
interaction between an RNA primer, RNAII, and DNA 
at the origin of replication (1). This interaction is 
regulated by RNAI, which can bind to RNAII and 
promote a secondary structure that does not facilitate 
DNA binding (1,6,8). Interestingly, a point mutation in 

RNAI present in pUC19 and not pBR322 has been 
shown to increase replication in pBR322-derivatives 
when lacking the rom gene (1,3). 

The rom gene is also believed to play a role in 
replication and is found in pBR322 but not pUC19. The 
rom gene product has been shown to inhibit replication 
through stabilisation of the interaction between RNAI 
and RNAII, and is frequently lost in pBR322 
derivatives with increased replication (5). Unfortunately 
the loss of rom in previous studies has occured in 
conjunction with a reduction in plasmid size or with 
other mutational changes. One study has shown that 
deletion of rom alone may not be significant enough to 
increase plasmid copy number (3). 

Previous work by another MICB 447 student has 
provided a pBR322 derivative, pIK054, which has a 
mutation in the ribosome binding site of the rom gene, 
and an additional AluI restriction site for plasmid 
determination (4). The purpose of this study was to 
show unequivocally whether this mutation in the 
ribosome binding site, G1905T, alone results in 
decreased plasmid exclusion during co-transformation 
with pUC19 relative to pBR322. It was expected that 
because of the importance of the rom gene in plasmid 
replication, the mutation in the ribosome binding site of 
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rom would allow pIK054 to avoid exclusion during co-
transformation with pUC19, and that when co-
transformed with pBR322, would result in a greater 
number pBR322 excluded clones than random chance 
alone. 

 
MATERIALS AND METHODS 

 
Bacterial strains. Wildtype Escherichia coli DH5α and strains 

with pBR322, pUC19 and pIK054 plasmids were obtained from Dr 
William Ramey of the Microbiology and Immunology Department at 
UBC. These strains were used for all parts of this experiment 
including plasmid growth and isolation, electro competency, and 
transformation experiments. 

Plasmid isolation. Plasmid (pBR322, pUC19, and pIK054) 
carrying DH5α were grown in Luria-Bertani (LB) broth with 
100μg/mL ampicillin. For large scale plasmid preps, 500mL of 
starting culture was used, and for small scale preps 2mL of starting 
culture was used. Plasmids were isolated using the Invitrogen™ maxi 
and mini-prep (cat# K210006  and K210010) protocols provided by 
the manufacturer. DNA samples used for transformation were 
purified in a biological safety cabinet to maintain sterility. DNA 
concentration was determined by UV spectroscopy. 

Plasmid identification. 2-5 U of AluI (cat# ER0012) from 
Fermentas was added with 1X Tango Buffer (cat# BY5) and equal 
volumes of isolated DNA. Restriction Digests and 1X final 
concentration loading buffer (cat# R0611) were run on 1% agarose 
(cat# 161-3102EDU) gels. 

Preparation of electrocompetent DH5α cells. DH5α cells were 
grown in 500 mL LB broth to an OD600 of ~0.7. Cells were 
resuspended in 500 mL sterile 10% glycerol solution and were 
washed through centrifugation and resuspension in decreasing 
volumes (250, 10, 1mL) of glycerol. Cells were aliquot in 40μl and 
frozen immediately at -80ºC. 

Transformations. 20 μL of cold electro competent DH5α cells 
were mixed with plasmid(s) and placed into a sterile cold 0.2 cm 
electroporation cuvette (cat# 165-2086) and run on Ec2 on the 
MicroPulser Electroporator (cat# 165-2100). 1 mL LB broth was 
immediately added and cells were grown at 37ºC for 90 min. The 
outgrowth was plated on 100 μg/mL ampicillin plates.  

Co-transformations. Co-transformations were performed 
identical to single transformations, however two sources of DNA at 
3.0 μg were used. The three co-transformations performed were 
pUC19/pIK054, pUC19/pBR322, and pBR322/pIK054.   

Gel analysis. .Tiff images were loaded on ImageJ v1.42q 
software and analyzed by creating gel lanes and having the density of 
light measured along each lane. Bands were scored as positive or 
negative for unique peaks. 

 
RESULTS 

 
Plasmid isolation and characterization. To ensure 

that each strain carried the appropriate DNA (pUC19, 
pBR322 and pIK054) each was grown on selective 
media. Following, plasmids were isolated, digested 
with AluI endonuclease and run on a 1% agarose gel 
with the results shown in Figure 1. 

pUC19, pBR322, and pIK054 digested with AluI are 
shown in lanes 1-3 respectively, and the 1kb plus 
standard is shown in Lane 4. The plasmids showed 
characteristic banding patterns expected of each 
plasmid (7), with pUC19, pBR322, and pIK054 each 

showing their largest bands at ~600, 900 and 800bp 
respectively (Fig 1). 

 
 

FIG 1. AluI digestion of isolated plasmids run on a 1% 
agarose gel. Lane 1-3 contain AluI digested pUC19, pBR322, 
and pIK054 respectively. Lane 4 is the 1kb plus standard. 

Production of electrocompetent E. coli DH5α 
cells. Cells were washed with 10% glycerol to remove 
all residual media and prepare for freezing conditions in 
a non-ionic solution. Frozen cells were verified as 
competent by electroporating, plating on selective 
media, isolating plasmids, and checking plasmids 
through AluI endonuclease restriction digest. Isolated 
plasmids showed similar patterns to those shown below 
in Fig 1. 

Determination of DNA transformation 
saturation. It was expected that co-transformation 
experiments would only be relevant past the point of 
DNA saturation, where increasing DNA concentration 
would no longer increase the number of transformants. 
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FIG 2. Determination of DNA transformation saturation. 
Transformations using increasing amount of DNA were used in 
pUC19, pBR322, and pIK054. 
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To determine the point of DNA saturation, single 
transformations with increasing DNA inputs were used 
with the transformations/mL of culture determined and 
shown in Figure 2. It was found that for all values of 
DNA measured, approximately 2-2.5*106 
transformations/ml was recovered. It was assumed that 
since all reactions were estimated at approximately the 
same number, saturation occurred at or below 0.5 μg of 
DNA. 

The mutation to the ribosome binding site of the 
rom gene in pIK054 has no effect on exclusion.  To 
test the effect of the mutation of the ribosome binding 
site of the rom gene on pBR322 exclusion during co-
transformation with pUC19, co-transformation 
experiments were performed using pUC19 and pIK054, 
pBR322 and pIK054, and pUC19 and pBR322. 
Plasmids were isolated from transformants at random 
and digested with AluI with the results shown in Figure 
3 and summarized below in Table 1.  

As seen in Figure 3 and Table 1, pUC19 
predominantly excluded both pIK054 and pUC19 
(Lanes e-k and s-y), while when pIK054 and pBR433 
were transformed together they assorted randomly. 
During the pUC19/pIK054 transformation, pUC19 was 
found in each transformant (lanes e-k),  while pIK054 
was only found in one (lane h). During the 
pUC19/pBR322 transformation, pUC19 was found in 
six of the seven transformants (Figure 3 lanes s-u and 
w-y), while pBR322 was only strongly found in one 
(lane v), and weakly found in another with pUC19 (lane 
t). Interestingly, there appeared to be no significant 
difference between pIK054 and pBR322 distribution 
during the pBR322/pIK054 transformation, with four 
transformants containing pBR322 (lanes l, m, o, p) and 
three pIK054 (lanes n, p, q). The results show that the 

mutation to the ribosome binding site of rom  is not 
sufficient to reduce plasmid exclusion during co-
transformation with pUC19. 

TABLE 1. Number of plasmids isolated from co-transformant 
colonies. Lanes from Figure 3 were scored as positive or negative 

for parental plasmids. The column both represents lanes where 
both parental plasmids were visible with the imaging tool. 

 
Number of plasmids isolated from co-

transformant colonies Co-Transformation 
Reactions pUC19 

only 
pBR322 

only 
pIK054 

only Both 

pUC19/pIK054 6 - 0 1 
pBR322/pIK054 - 4 3 0 
pUC19/pBR322 5 1 - 1 

 
 

FIG 3. AluI restriction digest of co-transformation 
experiments. Lanes a and z contain the 1kb plus standard. Lanes 
b-d are pUC19, pIK054 and pBR322 alone. Lanes e-k are 
pUC19/pIK054 transformations, lanes l-r are pBR322/pIK054 
transformations and lanes s-y are pUC19/pBR322 
transformations. 

 
DISCUSSION 

 
To determine the effect of a specific mutation at 

base pair 1905 in the rom gene of the pBR322 plasmid 
on exclusion when co-transformed with pUC19, 
competent E. coli DH5α cells were transformed with 
combinations of pUC19, pBR322 and pIK054. The 
results shown in Figure 3 indicates that this single 
mutation does not play a significant role in plasmid 
exclusion, as both  pIK054 and pBR322  were excluded 
during co-transformation with pUC19 and both 
excluded each other randomly when co-transformed 
together. Unfortunately only seven random 
transformants were chosen for plasmid identification 
from each co-transformation, however due to the cost 
of reagents and the apparent indifference between 
pIK054 and pBR322 this was thought to be sufficient 
numbers.  

Interestingly this data indirectly supports the 
conclusion found by Chao et al (3) that loss of rom 
alone is insufficient for improved plasmid replication of 
pBR322. If plasmid exclusion is a phenomenon that is 
related to plasmid replication, pIK054 should exclude 
pBR322 more often than randomly. The data from this 
study suggests that additional or different changes to 
pIK054 are necessary for an improvement in plasmid 
exclusion. Examples of potential changes that may 
improve exclusion include decreasing the size of 
pBR322, introducing a mutation in the RNAII codon in 
pBR322 similar to pUC19 (2), or exchanging other 
regions of pBR322 with similar regions in pUC19. It is 
also possible that multiple alterations to pBR322 are 
necessary to improve exclusion to the competitive 
levels of pUC19 (3). A more broad experiment that 
systematically changes multiple factors individually 
and in combination can help elucidate the precise 
coding regions responsible for pBR322 exclusion. 
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In addition to the above, it is also possible that the 
mutation to the ribosome binding site was insufficient 
to inhibit translation. Although the introduced AluI 
restriction site was present, more direct evidence would 
need to be present to prove the rom gene product was 
not formed, or formed in lesser quantity. The mutation 
of the ribosome binding site may have been insufficient 
because the mutation GGAGG to TGAGG of the Shine-
Delgarno sequence has only been previously shown to 
reduce translation by sevenfold (9). A sevenfold 
reduction of the rom gene product may have a subtle 
difference in replication, and no observable effect on 
plasmid exclusion. Moreover,  it is possible that rom is 
functional as a nucleic acid, and reductions in 
translation would have no effect. It should be noted that 
no other GGAGG sequences  were identified in the rom 
gene. Future experiments could therefore characterize 
the pIK054 plasmid further. 

 
FUTURE EXPERIMENTS 

 
Potential experiments to investigate the significance 

of the ribosome binding site mutation include an 
immunoblot of the rom gene product from pIK054 
cells. It would be expected that there would be reduced 
rom found in pIK054 compared to pBR322 cells, 
however the presence of rom would indicate either the 
initial mutation of the ribosome binding site was not 
produced during the site-directed mutagenesis or that 
the mutation is insufficient to fully inhibit ribosome 
binding. The weakness of this experiment is the 
unavailability of commercial antibodies that target the 
rom gene product. 

Other future experiments can investigate additional 
mutations to pIK054 and/or pBR322 including an 
exchange of origins which may impact exclusion (2,3).  
Multiple plasmids with these mutations have already 
been shown in the literature to improve replication, 
including pBRA322, pBR3722, pBU4132, and 
pBU2686 (3). These plasmids are versions of pBR322 
and pUC19 which have been systematically altered near 
the origin of replication, in regions where the plasmids 
differ. It is expected that changes in replication would 
result in differences in the exclusion phenomenon. 

Therefore future experiments which investigate the 
effects of these plasmids on exclusion may ultimately 
define the most relevant genetic sequences important 
for exclusion. 
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