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In order to study the effect that the Rop protein may play in the observed exclusion of 
pBR322 by pUC19, attempts to cut out the rop gene from pBR322 were made. Several 
different pairs of restriction enzymes were tried for the digestion, and the innate ligation 
ability of E. coli cells was used to recircularize the cut plasmids. Transformed cells were 
screened using both ampicillin and tetracycline plates, and attempts to isolate pBR322∆rop 
through mini-prep or slot-lysis were performed on promising colonies.  In the end, all 
attempts to clone pBR322∆rop failed. This paper describes the methods used as well as 
putative reasons for why the techniques failed. The main problems were non-optimal digest 
conditions and screening of inadequate numbers of colonies. 

 
 
   Plasmids are used widely in molecular cloning.  Regulation of the copy number of plasmids in bacteria is an 
important issue, especially when plasmids are being genetically engineered for mass production of proteins like 
insulin.  Regulation of plasmid replication and thus, copy number, is dependent upon a number of factors.   
   Replication of pBR322, a low copy number plasmid, is initiated by a pBR322-encoded RNA primer called RNA 
II, which forms a persistent hybrid with the template DNA near the origin of replication (1).  Another pBR322-
encoded RNA transcript, RNA I, sequesters RNA II by binding in an antisense fashion and inhibiting its function as 
a primer.  The RNA I-RNA II complex can be further stabilized by the Rop protein, which is also encoded on the 
pBR322 plasmid.  Both RNA I and Rop are thought to decrease the plasmid copy number by sequestering RNA II 
and therefore inhibiting replication initiation (4). 
   pUC19, a high copy number plasmid, is a derivative of pBR322. pUC19 has a  temperature sensitive, single point 
mutation in RNA II. Lin-Chao et al. (1) have found that this mutation causes the copy number of pUC19 to increase 
as the temperature increases (starting at 30°C). The presence of the rop gene suppresses the effect of the mutation 
but pUC19 does not encode the rop gene.  Both of these changes contribute to the reduced stability of the RNA I–
RNA II complex and allow frequent initiation of pUC19 replication. 
   We hypothesize that when both pBR322 and pUC19 are present in a cell, Rop acts in trans on both plasmids to 
suppress the temperature sensitive mutation of pUC19 and maintain the copy number of plasmids per cell at around 
20, the copy number of pBR322.  Since the rate of DNA synthesis is constant and pUC19 (2686 bp) is smaller than 
pBR322 (4361 bp), we would expect that pBR322 would be diluted out of the population after many generations 
(see sample calculations).   
   Using the findings of Lin-Chao et al. (1), we would be able to test our model by increasing the growth temperature 
of pUC19 and pBR322-containing cells. An increased temperature would further enhance the loss of pBR322 
(phenotype) from the population over time (since increasing the growth temperature increases pUC19 copy number). 
Because pBR322 encodes the rop gene, which suppresses the mutation’s effect on copy number, we would need to 
construct a pBR322 plasmid with no rop gene, pBR322∆rop.  As Rop would normally stabilize the RNAI-RNAII 
complexes of pUC19 and pBR322, the copy numbers of both plasmids in the Rop-less cells should increase.  The 
difference in the two plasmid copy numbers should reside in the differences in their size (since the rate of DNA 
synthesis is constant) and the RNA II point mutation that only pUC19 harbours.  As a result, pUC19 would have a 
greater copy number than pBR322∆rop at 30°C and an even greater number at 42°C.   
   In addition, cutting out the bla gene, encoding ampicillin resistance, from pBR322 (which also contains a 
tetracycline resistance gene) would allow easy selection between pBR322 and pUC19 (which only contains bla), 
using tetracycline and ampicillin respectively.  This would further decrease the size of pBR322 and should result in 
a 20% increase of pBR322 vs. pUC19 at 30°C, allowing the testing of the dilution due to plasmid size model. 
Because cutting out the rop gene was more important in the testing of the model, the focus was on creating this 
construct. pBR322∆rop would allow the testing of several different temperatures and give us a gradient of results, 
whereas pBR322∆bla would only be one size difference and give us a single data point. 
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MATERIALS AND METHODS 
 
   Plasmids pUC19 and pBR322 were purified from 5 ml Escherichia coli DH5α cultures.  The pBR322 culture was grown in the presence of 50 
µg/mL ampicillin to mid log phase then incubated overnight in the presence of 100 µg/mL chloramphenicol.  The pUC19 culture was grown to 
mid log phase in the presence of 50 µg/mL ampicillin and used immediately. Plasmids were purified using Promega Wizard mini-prep kits, using 
TE buffer for elution.  Plasmid concentration and purity was checked using spectrophotometry (A260, A280) and agarose gel electrophoresis. The 
plasmids were linarized with EcoRI (Invitrogen) in React3 buffer (Invitrogen) and run on a 0.8% agarose TBE gel. Figure 1 identifies all of the 
restriction sites relevant to this study.  
   In an attempt to cut the rop gene out, pBR322 was digested with AvaI (Invitrogen) and NdeI (Invitrogen) in React3 buffer for 1 hour at 37°C 
and filled-in with Klenow Large Fragment (Gibco) for 20 minutes at 20°C to create blunt ends.  Also, to cut the bla gene out, pBR322 was 
digested with EcoRI and PstI in NEB3 buffer for 1 hour at 37°C and filled-in with Klenow Large Fragment as above.  From this point on, a large 
amount of purified pBR322 was obtained from Dr. Ramey to conduct subsequent experiments. An final attempt was made to cut bla out using 
PstI alone. An alternate method was then used to cut rop out that involved digesting pBR322 with PvuII and MscI for 1 hour at 37°C, creating 
blunt ends. First this digestion was done in NEB4 buffer and second in Invitrogen React6 buffer. 
   The digestion containing linear pBR322 and pBR322∆rop was transformed into DH5α cells (grown to mid log phase, spun at 6000 rpm in a 
Beckman SS-34 rotor in oakridge centrifuge tubes, and washed with ice cold water). Transformation was done by electroporation on the E. coli 
setting in a 0.2 mm cuvette with 40 µL cells and 1 µL digestion (about 13 ng DNA). The transformed cells were plated on LB plates with 
ampicillin or tetracycline. 
   Slot lysis was performed as outlined in Sekar (3) and the full procedure is available online at the Hancock lab website 
(www.cmdr.ubc.ca/bobh/methods/SLOTLYSIS.html). 
   Briefly, colonies were picked from either clones of transformed cells or patch colonies with a toothpick and resuspended in protoplasting buffer 
(30 mM Tris-HCl, pH 8.0, 5 mM EDTA, 50 mM NaCl, 20% sucrose, 50 µg/ml Rnase 1, and 50 µg/ml Lysozyme).  Lysis buffer (89 mM Tris-
HCl, pH 8.0, 89 mM boric acid, 2.5 mM EDTA, 2% SDS, 5% sucrose, and 0.04% bromphenol blue) was added to the wells of a 0.8% agarose gel 
with 0.5 µg/ml EtBr added.  Samples in protoplasting buffer were pipetted under the lysis buffer.  The gel was run for 15 minutes at 40V to lyse 
cells and then the voltage was increased to 90V to separate the DNA.   
 

RESULTS 
 
   Promega Wizard mini-prep plasmid purification of pBR322 and pUC19 yielded about 100 µg/mL DNA for each 
plasmid (see sample calculations) and was very pure.  
   The initial attempt to cut out rop from pBR322 with AvaI and NdeI and fill-in the remaining hanging ends failed.  
The corresponding gel showed a smear near the bottom of the lane containing the double-digested pBR322.  MscI 
and PvuII were then used in the digestion instead.  This attempt to cut out rop using NEB4 buffer also failed.  The 
gel showed one large band in the lane containing the digested sample at 2.3 kb, about half the size of pBR322.  
Using Invitrogen React6 buffer instead of NEB4 buffer produced a band at 4.3 kb and another at 3.7 kb indicating 
that both pBR322 and pBR322∆rop were present in the digested sample (Fig. 2).   
   The first attempt to cut out bla with PstI and EcoRI also utilized the Klenow Large Fragment, which gave a smear 
on an agarose gel. Upon consultation with Genbank, PstI was believed to cut twice; the second cut site falling near 
the EcoRI site (refer to Fig 1). After digesting with only PstI, this information turned out to be incorrect as only one 
band migrating at 4.3kb was seen (data not shown). No more attempts to cut out bla were made. 
   Transformation of an estimated 10:1 mixture of linear pBR322 to pBR322∆rop (Fig. 2) into E. coli DH5α cells 
yielded 80 colonies per transformation, for a combined transformation and ligation efficiency of 6 colonies per ng of 
DNA in the digestion mixture (see sample calculations).  Initially, seventeen of these colonies were selected for slot 
lysis; the ones selected had grown on solid media containing either ampicillin or tetracycline. None of these 
colonies, however, showed plasmids by agarose gel electrophoresis (data not shown).   
   The seventeen colonies selected were also touched, in a grid pattern, to two plates—one containing ampicillin and 
one containing tetracycline—to produce patch colonies.  Thirty-three other colonies were also picked from the 
transformant plates and touched to the two grid plates.  Of the fifty clones selected, all 50 formed patch colonies on 
the tetracycline plate and 49 formed patch colonies on the ampicillin plate.  The clone that did not grow as a patch 
colony on ampicillin had previously grown on ampicillin so it probably was not actually touched to the ampicillin-
containing patch colony plate.  The colonies on both of the grid plates grew to a much greater size than the original 
transformed cells.   
   Mini-preps were used to isolate the plasmids of six randomly chosen patch colonies; running the samples on a gel 
revealed that they all contained plasmids the same size as pBR322 (Fig. 3).  Realizing that a larger number of clones 
might need to be screened to find one containing pBR322∆rop, seventeen additional clones were screened with slot 
lysis.  Sixteen of these clones showed plasmids (Fig. 4).  The sample of clone #5 was lost during the loading of the 
samples.  All sixteen clones that showed plasmids had a band similar in size to pBR322; in addition, four of the 
clones (#2, 3, 39, 42) had bands located slightly below pBR322 that were thought to possibly correspond to 
pBR322∆rop.   
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Figure 1. pBR322 with restriction enzyme digest 
sites relevant to this report modified from NEB 

online catalog (www.neb.com). The Ava I site in red 
was predicted from the pBR322 genbank sequence 

(www.ncbi.nlm.nih.gov) but not from the NEB 
restriction map. 

 

 
 

Figure 2. Double digest of pBR322 to cut out rop. 
Lane 1) 1 kb marker, 2) uncut pBR322, 3) Pvu II + 
pBR322, 4) Msc I + pBR322 in React6 buffer, 5) 
Msc I + Pvu II + pBR322, 6) Msc I + pBR322 in 

NEB4 buffer, and 7) Pst I + pBR322 

 

 

 
 
 
 
 
Figure 3. Plasmids prepared from 
six patch colonies were either 
digested (c) with EcoR1 or 
undigested (u) and separated by 
agarose gel electrophoresis.  All 
six clones had bands that 
corresponded in size to the 
pBR322 control (C). Numbering 
designates the number of the 
patch colony on the grid. 

 
 
 

http://www.neb.com/
http://www.ncbi.nlm.nih.gov/
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   The gel of the mini-prep plasmid isolation of clones #2, 3, 39, and 42 showed a single band migrating to the same 
place as pBR322 in all of the samples (Fig. 5).  None of the clones showed a second band migrating below this that 
could possibly be pBR322∆rop.  Therefore, the bands that migrated faster and were located below the pBR322 
bands on the previous slot lysis gel must be some type of artifact. 
 

 
 
Figure 4. Slot lysis of cells taken from patch colonies.  Note that 
the pBR322 control (C) was simply purified plasmid and was not 
a colony. Numbering indicates the designation of the patch colony 

on the grid. 
 

 
 
Figure 5. Plasmids prepared from clones 
that showed bands lower than pBR322 

by slot lysis and separated by agarose gel 
electrophoresis.  Note that the lower 

bands are no longer apparent. 

DISCUSSION 
 
   The first double-digested sample that used AvaI and NdeI to cut rop out of pBR322 resulted in a small smear near 
the bottom of the gel in its corresponding lane while the simultaneously double-digested sample that used PstI and 
EcoRI to cut bla out of pBR322 resulted in a larger smear in its lane. As standard double-digest protocol was 
followed and the pBR322 used was very pure, protein contamination or high salt concentrations do not seem a likely 
explanation for the smeared bands. The smeared DNA bands could have resulted from improper electrophoresis 
conditions or more likely DNA degradation.  If degradation of the plasmids is the explanation, it is hard to tell if it 
resulted from the over-activity of the Klenow fragment or from somewhat random cutting by the restriction 
enzymes.  According to Genbank sequence data, AvaI, used in the digestion, cuts pBR322 twice; this contradicted 
the information restriction map from NEB and may explain why a smeared band near the bottom of the gel 
appeared.   
   In the second set of digestions, we altered the method as to eliminate the Klenow fragment step. This was done by 
choosing restriction enzymes that cut blunt ended.  Nevertheless, the digest still did not yield reasonable results 
showing a single band at 2.3 kb on the gel. It is quite possible that PvuII star activity resulted in the peculiar band; 
perhaps the enzyme cut the plasmid twice, into equal halves, leaving a band around 2.3 kb, half the size of the 4.3 kb 
pBR322. Invitrogen indicates that to avoid PvuII star activity the reaction requires both a low enzyme to DNA ratio 
and an optimal buffer (Invitrogen React6 buffer instead of the NEB4 buffer used, which was optimal for MscI).  
   In React6 buffer, the double-digest reactions yielded bands at 4.3 kb and 3.7 kb, which correspond to the sizes of 
pBR322 and the expected pBR322∆rop respectively.  Both plasmids were thus believed to be present in the double-
digest sample, but pBR322 was ten times more abundant than its rop-less counterpart according to the intensity of 
the bands on the gel.  The control digestions with MscI and PvuII alone showed MscI was cutting very slowly and 
PvuII was cutting all the plasmid. Carrying out the MscI digestion for a longer period of time would result in a 
greater ratio of pBR322∆rop to pBR322. 
   According to Sekar (3), slot lysis should be successful with just 10% of the cells of a colony 1 mm in diameter 
(roughly 104-105 cells).  The colonies that formed after the transformations were small, possibly less than 1 mm in 
diameter, but more than 10% of each colony used for slot lysis was re-suspended.  Accordingly, it was very 
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surprising that no plasmids were visible on the slot lysis gel for any of the seventeen colonies tested.  The colonies 
were quite small but were not allowed to grow any further because the β-lactamase produced by them was 
accumulating at a high enough concentration in some areas of the plate to break down ampicillin in the media.  This 
accumulation allowed the formation of pinpoint sized colonies from contaminants or untransformed cells.   
   Despite the fact that no plasmids were seen after the first slot lysis, the clones used must have contained plasmids 
since all but one of the transformed clones grew in patch colonies on both media containing ampicillin and media 
containing tetracycline and plasmids were subsequently isolated from these colonies. 
   After the screening of six more colonies for pBR322∆rop using mini-preped plasmid failed to reveal the desired 
pBR322∆rop (Fig. 3), slot lysis was performed on different patch colonies to rapidly screen more clones.  These 
colonies were quite large, providing vastly more cells than was recommended by Sekar for the slot lysis procedure 
(3).  In fact, the slot lysis appeared to be overloaded with cells (Fig. 4).  Migration through the gel was very slow 
and bands were very smeared.  The smearing may be a combination of too much DNA being added to the gel, 
protein contamination of the DNA, and slight DNA degradation that reflects the nature of the procedure.  All of the 
clones showed a signal that migrated to the same place as pBR322; in addition, clones #2, 3, 39, and 42 showed 
bands below this.  We believed that all of the clones contained pBR322 and that some also contained pBR322∆rop.   
   Unfortunately, a gel run from the plasmid isolation mini-preps of the four best candidates (clones #2, 3, 39, and 
42) revealed that they did not contain pBR322∆rop but only pBR322 (Fig. 5).  Closer inspection of the second slot 
lysis (Fig. 4) suggests that perhaps all of the clones used in the procedure would have shown bands at similar 
distances below pBR322 had their intensity matched the intensity of clones #2, 3, 39, and 42.  In the slot lysis 
procedure, it is quite easy to pick up different amounts of cells for each sample.  Had more cells been added to the 
lanes that did not show bands below pBR322 (as to equal the number of cells added to #2, 3, 39, and 42), perhaps all 
the clones would show the lower second band.  As a result, the bands below pBR322 that were thought to possibly 
be pBR322∆rop are probably some sort of artifact and not a plasmid at all. 
   All attempts at isolating pBR322∆rop failed and we did not continue due to time restraints.  As a result, a number 
of changes should be made to our protocol to not only make isolation successful but also timely.  Firstly, pBR322 
should be digested for a longer period by MscI to ensure full digestion.  Since PvuII, which can be digested with 
MscI in order to excise rop, is capable of star activity it cannot be part of the digestion for more than an hour. 
Hence, we recommend that pBR322 first be digested by MscI for three hours and then PvuII added and digestion 
continued for an additional hour.  If digestion is adequately complete, running the sample on a gel should reveal a 
much greater ratio of pBR322∆rop to pBR322 than we encountered and when used for transformation result in a 
great proportion of the antibiotic selected clones being positive for pBR322∆rop.  Screening will still be necessary 
because a small proportion will not be cut by both enzymes and there is a small chance that the rop-containing 
fragment could be reincorporated into the plasmid.  If the digestion is not complete and a lot of pBR322 remains 
partially or undigested, then it is advisable to cut the band corresponding to completely digested pBR322 
(pBR322∆rop) out of the gel.  The fragment can then be purified from the gel and transformed into cells.  Although 
a lot of DNA will be lost with this additional step, pBR322∆rop should be fairly pure and all transformants should 
have rop cut out of them.  Nevertheless, the transformants should still be screened to be certain that they have 
pBR322∆rop and not two copies of pBR322∆rop ligated together into one plasmid or a rare pBR322 wild type 
contaminant.   
   With pBR322∆rop in hand, pBR322∆rop∆bla could be made using a suitable double digest protocol to remove the 
bla gene.  We observed that EcoRI linearized the plasmid as did PstI. Therefore a double digest with these enzymes 
should be possible and the only challenge remains is optimizing the fill-in reaction. Obtaining pBR322∆rop∆bla 
would allow one to carry out an experiment with two plasmids the same size with different antibiotic resistances and 
the only difference being that pUC19 has a temperature sensitive mutation in RNAII. A pBR322∆bla would also be 
a good control for pBR322∆rop as they are the same size and the only difference that could affect copy number is 
the absence of Rop. 
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Appendix A – Sample Calculations 
 
The following reasoning was used to hypothesize the way pBR322 would be diluted out in a cell 
with both pBR322 and pUC19. 

• Assume DNA synthesis at constant rate and neither plasmid is favored. 
• pUC19 is 60% the size of pBR322 and therefore if the time pBR322 takes to replicate is 

1.0 T, pUC19 takes 0.6T. 
 At time 0.0T there is one copy of each plasmid transformed into the cell. 
 At time 0.6T pUC19 finishes first round of replication, pUC19=2 pBR322=1 
 At time 1.0T pBR322 finishes first round of replication, pUC19=2 pBR322=2 
 At time 1.2T pUC19 finishes second round of replication, pUC19=4 pBR322=2 
 At 1.8T, pUC19=8 pBR322=2 
 At 2.0T, pUC19=8 pBR322=4 
 At 2.4T, pUC19=16 pBR322=4….this gives 20 plasmids in the cell. 

• This is one cell division and already pUC19 has four times as many plasmids as pBR322 
• With repeated cell division, the proportion of pBR322 will decrease and eventually the 

majority of cells will have only pUC19 
 
The following equation was used to calculate the concentration of DNA obtained from mini-
preps.  It was obtained from Microbiology 421 Manual of Experimental Microbiology (2). 
 

[DNA]µg/ml = [(63 x A260) – (36 x A280)] x dilution factor 
 
For pUC19 mini-prep, diluted to 1/80, the following measurements were obtained: 
 A260 = 0.024 
 A280 = 0.002 
 [pUC19]µg/ml = [(63 x 0.024) – (36 x 0.002)] x 80 
            = 115.2 µg/ml 
 
Transformation/Ligation Efficiency was calculate as follows: 
 
 Number of bacteria into which the plasmid was transformed and ligated per plate: 
  = Sum of the colonies that grew up / the number of plates 
  = (91 + 70 + 79) / 3 = 80 
 
 Amount of DNA added per transformation: 
  Amount of DNA digested = 4 µl x 100 ng/µl = 400 ng in a 30 µl digestion 

Since 1 µl of the digestion was used in each transformation, then the amount of 
DNA added per transformation = 400 ng x (1/30) = 13.3 ng 
Each of the transformations were spread on a single plate 

 
 Number of bacteria into which the plasmid was transformed and ligated per unit of DNA: 
  = Number of transformants per plate / amount of DNA per transformation 
  = 80 transformants per plate / 13.3 ng DNA / transformation 
  = 6 transformants / ng of DNA 
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