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Fall 2013: Isolation of antibiotic resistant bacteria from soil samples 
 

1. Context 
 
In industrial food production antibiotics may be administered to livestock at a therapeutic 
dose to promote growth and fight infection. In particular, beta-lactam antibiotics see high 
use in animal feedlots (Merle et al, 2013). Exposure over long periods of time may select 
for increased antibiotic resistance in the microbiome of livestock. Resistant strains may 
then be transferred to humans through the consomption of contaminated meat or through 
contact with farm workers. These bacteria may then exchange genes with bacteria of the 
human microbiome (Duckenfield, 2011). Furthermore, runoff from industrial food animal 
production may cause the contamination of nearby soil and water with harmful levels of 
bacteria and viruses (Peak at al, 2007). This poses a significant public health risk as a 
result of increasing morbidity due to increased antibiotic resistance (Pruden at al, 2013). 
 
Within this framework we propose to investigate the exchange of resistance between 
bacterial strains collected from near animal feedlots. We propose to collect soil samples 
that will then be used to select and culture resistant bacteria. These bacteria may then be 
used in microcosms to study the transfer of resistance genes to sensitive strains. 
Furthermore, relative antibiotic resistance between strains may be quantified after 
treatment with beta-lactam antibiotics. A gradient of resistance or increased antibiotic 
resistance, based on the location of sampling within farms, may indicate the transfer of 
resistance genes to the environment as found by Peak et al (2007) and Li et al (2013). 
 

2. Methods: Isolation of Sensitive and Resistant strains 
 
Within the framework presented above, we proposed to investigate the transfer of 
resistant genes between resistant and sensitive strains, from animal waste, in soil 
environments. The methods involved first collecting three animal fecal samples from a 
farm in Maine: one from a pig (P1) and two cow samples (C1,C2). The following paper 
(presented in Fall lab meeting), was particularly useful in providing background and 
helping to develop methods for isolating bacteria from animal samples:  
The effects of subtherapeutic antibiotic use in farm animals on the proliferation and 
persistance of antibiotic resistance among soil bacteria, Ghosh, S. ; LaPara, T.M, 
International Society for Microbial Ecology, (2007) 
 



Figure 1 shows the process of suspending samples in PBS, serially diluting samples and 
then plating, onto several LB plates amended with antibiotics and the anti-fungal nystatin, 
in order to isolate resistant strains. Both Amp and Tet resistant colonies were found. 
 
Figure 2 shows the process of first growing bacteria on an un-amended LB plate. This LB 
plate was then replica plated onto an antibiotic plate. From replica plating we were able 
to identify morphologically different colonies on the original LB plate that were either 
antibiotic sensitive or resistant. Hence, we attempted to pick individual, separate colonies 
and grow them in liquid culture overnight. These liquid cultures were then regrown on 
the appropriate type of plate to test for the presence of isolates. 
 
In general, we were unable to grow isolates of a single phenotype in liquid culture. In 
several cases, subsequent cases showed regrown bacteria that were not of a single 
morphology or exhibited different resistance patterns than previously noted. 
 
Methods and results are summarized in the supporting document: 
Fall2013LabSummary.doc 
 
Figure 1: Culturing bacterial strains from farm animal fecal samples (P1, C1, C2) 

 
 

Figure 2: Isolation of sensitive and 
resistant strains by replica plating 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
Spring 2014: Effect of soil on rate of Horizontal Gene Transfer 
 

1. Context 
 
Reviewing the procedures and the results of the Fall it was determined that insufficient 
background knowledge of bacterial soil populations and the procedures involved in 
isolating these strains was leading to mixed results. We lacked confidence that continued 
effort would allow us to successfully isolate genotypically different resistant and sensitve 
strains from environmental samples. 
 
Instead of continuing attempts to isolate strains we proposed a related experiment. We 
proposed to use a simple soil microcosm (a lab system/setup that is designed to mimic a 
natural environment) and investigate a single parameter. Specifically, based on the 
literature and experiments in the fall, the most interesting question at hand seemed to be 
whether anti-biotic resistant bacteria could in fact transfer their genetic information to 
sensitive strains in a soil environment. Given that bacterial conjugation is most easily 
understood as the transfer of plasmids by direct cell-to-cell contact, it was hypothesized 
that spatial separation of bacterial strains, within a soil microcosm, would decrease the 
rate of horizontal gene transfer. 
 
Microcosms with differing masses of soil would be used to quantify horizontal gene 
transfer in a population of bacteria with a fixed amount of nutrients. A bacteria strain 
with a unique resistant marker and an F+ plasmid (plasmid that allows bacterial 
conjugation/codes for the formation of the F-pilus) would be mixed with a strain with a 
separate resistance marker, inoculated into the microcosms and HGT quantified by 
plating and counting various LB plates. 
 
The following review paper was particularly useful in thinking about soil microcosms 
and their uses in investigating HGT: 
Hill, Katja E., and Eva M Top. "Gene transfer in soil systems using microcosms." FEMS 
Microbiology Ecology 25, no. 4 (1998): 319-329. 
 

2. Methods 
 

• Obtained soil from Urban Environmental Lab Community Garden 



A large (unkown) volume of soil was obtained from the UEL garden and autoclaved 
twice on gravity cycle to dry out. The soil was transferred to a large container and stored 
in the 37C incubator. 
 
 
 

• Preliminary trial: growing lab strains (REL606) in soil microcosms 
Soil microcosms were constructed by adding 0g, 10g, 15g, 20g, 25g or 30g of soil to 
separate 50ml growth flasks. These flasks were then sterilized by autoclaving twice on 
gravity cycle. Controls were run by extracting a small amount of soil from an autoclaved 
microcosm, using a sterile spatula, suspending the sample in sterile PBS and then plating 
100ul of supernatant onto an LB plate. It was determined that two cycles were required to 
consistently sterilize the flasks, i.e prevent growth in controls. 
Each microcosm was then inoculated with a mixture of 4.95ml LB + 50ul REL606. 
The water holding capacity of the dried soil was determined to be 0.5ml/g. This was the 
maximum amount of water the soil could hold before a distinct/separate liquid layer was 
observed above the soil. Thus, the microcosm containing 10g of soil was fully saturated 
with bacteria/growth media. 
 
Samples from each microcosm were immediately taken. Samples were taken by mass and 
normalized such that an equal number of bacteria could be sampled from each 
microcosm. This was achieved by calculating the amount of bacteria/growth media 
expected in each gram of soil assuming that the liquid is evenly mixed with the soil. A 
further assumption is that the bacterial populations are only propagating in the liquid 
media. It was noted that a sample mass of 0.1-1g is manageable using a sterile spatula 
and is appropriate for making a x100 dilution into a 15ml test tube with PBS. 
 
The supernatants were then serially diluted to achieve a countable number of bacteria on 
the results LB plates. In the preliminary trial samples from each microcosm were plated 
onto 4 LB plates. Plates were then placed in the 37C incubator overnight. It was noted 
that there was little variation in the results between plates from the same microcosm.  
 
The procedure was repeated every day for four days and the results recorded. The general 
procedure is shown in Figure 3. Note that Figure 3 uses mixtures bacteria, which are 
discussed in the following section. However, the general prodcedure of starting an 
overnight culture, sampling to produce a supernatant, serial dilutions and plating is 
illustrated. 
 

• Spot titering: mixtures of PS624-AmpR, PS626-KanR and F+ TetR 



The above strains were obtained from the lab of Dr.Sneigowski at The University of 
Pennsylvania. Each of the three strains showed a different anti-biotic resistance, but they 
were otherwise highly similar in their sequences. 
 
It should be noted that the F plasmid has a fitness cost associated with carrying it. 
Therefore, it was initially proposed that the F+ plasmid would be transformed into the 
PS624 and PS626 backgrounds. Furthermore, an F- plasmid (knockout that retains fitness 
cost, but does not allow for conjugation) would also be transformed into these 
backgrounds. Hence, the fitness cost could be controlled for when the resulting strains 
were combined. However, transformations proved to be successful as the 100kb F 
plasmid is too large to prepare with conventional mini-prep kits available in the lab. It 
was hypothesized that the plasmid DNA was fragmented during preparation. 
 
Instead, mixtures of PS624-AmpR/ F+ TetR and PS626-KanR/ F+ TetR were made and 
inoculated into soil microcosms as shown in Figure 4. The microcosms were sampled 
every day for three days, as previously discussed. The samples were diluted down the 
rows of a 96-well plate, where each row was a x10 dilution. A multi-pipet was then used 
to plate 5ul dots onto appropriate LB plates. 
 
Recombinants on the spot titer plates were counted, were a good number of countable 
colonies was expected to be 1-10. These counts and the dilutions they correspond to were 
then able to inform the subsequent experiment, using larger plates. The results of the spot 
titering are shown in Figure 6. Unfortunately, no growth was shown for the AmpR strain, 
despite the fact that positive controls showed growth on LB-Amp plates when overnight 
was directly plated. 
 
Overall the results seem to indicate that the population of recombinants is stable after 1 
day of growth in the microcosms. Furthermore, there appears to be a trend of decreasing 
frequency of recombination with increasing soil mass. The spot titering data, however, 
was quite coarse due to the fact that only 1-10 colonies could be counted within each 5ul 
dot. Therefore, the experiment was then repeated on full plates at the appropriate dilution 
factors. 
 

• PS626-KanR and F+ TetR mixture with replication 
Figure 5 illustrates the procedure for the final experiment using a single mixture of 
PS626-KanR and F+ TetR. Each of the microcosms was replicated, for a total of 12 
microcosms. The resulting recombinant counts are shown in Figure 7. 
 
Raw data is found in the supporting document: SoilTrial2.xlsx 
 



3. Conclusions 
The results of the final experiment as shown in Figure 7 suggest a clear trend between the 
mass of soil and the number of recombinants, per milliliter of growth media in the 
microcosm, after one day. Specifically, there appears to be a linear decrease in the 
number of recombinants formed with increasing mass of soil in the microcosm.  
 
We suggest that this decrease is due to two factors. Firstly, at larger masses of soil, the 
bacterial population is occupying a larger effective volume. However, the total 
population size is still constrained by the fixed availability of growth media. Therefore, 
we propose that the kinetics at larger soil volumes is such that bacteria are less likely to 
come in contact with each other and achieve the cell-to-cell contact necessary for 
conjugation. Furthermore, we propose that larger soil masses also cause physical 
separation between bacteria in the population. That is to say, not only does the population 
exist within a larger volume, members of the population may in some cases be physically 
separated by soil particles or collide with soil particles instead of other bacterial cells. 
 
However, due to the availability of only 4 data points in the range of 0-20g of soil, it is 
unclear whether the actual relationship would be linear. More data is needed within this 
range, and in particular between the masses of 15-20g to determine the point at which 
recombinants are no longer retrieved. 
 
It is important to note that the lower limit of sensitivity for recombinants is constrained 
by the lowest dilution factor of x2,000. A larger sample mass or fewer dilutions may be 
able increase detection sensitivity for recombinants. 
 
Furthermore, in terms of collecting more data within the range of 0-10g, it is important to 
note that the 10g microcosm was completely saturated with growth media. Therefore, the 
addition of any more media to 10g or less of soil would result in the formation of a 
separate liquid layer in which recombination could occur. 
 
Figure 3: General workflow for growing mixtures of AmpR/TetR or KanR/TetR in soil microcosms and 
plating to record recombination 



 
 
Figure 4: Spot titering workflow, bottom right: example of a spot titering plate after 1 night of growth in 
37C incubator 

 
Figure 5: Workflow of final trial, using only a F+ TetR/PS626-KanR mixture, with one replicate for each 
microcosm (12 total) 



 
 
 
 
 
 
 
 
 
 
 
Figure 6: Spot titering results 



 
 
Figure 7: 
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