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AbstractPlasmids carry highly specific antibiotic resistance genes and are well known to influence processes involved with bacterial cell reproduction, conjugation, and proliferation. These factors that cause horizontal gene transfer are significant in understanding bacterial communication and possible limits in health care, such as improved antibiotics. Previous work by De Gelder et Al., 2008 indicated one specific mutation in a gene that provides an important protein in the formation of the conjugation pillus, trbC altered the stability of plasmid pBlO—a plasmid well known to be a broad host range plasmid that mediates several antibiotic resistance factors. My research focused on the molecular mechanism involved with this increased stability of plasmid pBlO by investigating whether a possible improvement intransfer efficiency could explain the signature response in unstable hosts such as
Stenotrophomonas maltophilia. Through a process known as liquid mating, transconjugants were formed with ancestral plasmids, pBlO and evolved plasmids,pSH3 and pSH5. The donors, recipients and transconjugants were then plated ontolimiting media, and counted in triplicate. Results suggest an increased plasmid transfer rate with both evolved plasmids pSH3 and pSH5 compared to ancestralplasmid pBlO.
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IntroductionNosocomial infections, commonplace in health care systems including intensive care units (£aatay et al., 2007), are becoming a pressing issue as bacteria continue to exhibit multiple antimicrobial resistances. Such cases have been reported in hospitals as well as extended care facilities such as nursing homes (Wiener et al., 1999). While the development of antibiotics is important in our fight against pathogens, it is equally important to focus on the mechanisms involved in bacteria developing increased resistance. This thesis summarizes research concerning improved transfer rate of the evolved plasmids, pSH3 and pSH5—from plasmid pBlO, as it correlates with improved persistence through reinfection ofsegregants.An understanding of specific microbiology terms is necessary to betterexplain the testing of this hypothesis.
Plasmid-A distinct piece of circular chromosomal DNA that is not necessarilyessential in the overall survival of the bacterial cell; however, under selectiveconditions these plasmids are extremely useful and may carry antibiotic resistancegenes. Plasmids are transferred from cell-to-cell via conjugation, but the molecularbasis of this transfer is not fully understood.
Broad-host-range-p\asmids that can transfer to almost every bacterial species (DeGelder et al., 2007).
High-segregational loss rate-During the process of replication, plasmids can becomelost as one cell gains a plasmid and the other does not, causing an imbalance anddisproportional loss frequency.
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Horizontal gene transfer-ln bacterial cells, the process of transferring genes is instigated by plasmid transfer; in the evolutionary process it becomes known ashorizontal gene transfer.Bacterial strains and plasmidsPlasmid pBlO, described as a self-transmissible, broad-host-range, IncP-ipplasmid that carries resistance to tetracycline, streptomycin, amoxicillin,sulfonamide and against mercury ions, was isolated from a wastewater treatmentfacility (De Gelder et al., 2008). Plasmids pSH3 and pSH5 are evolved forms of pBlO that have altered mutations in trbC, a gene vital to bacterial conjugation (De Gelderet al., 2007). In order to monitor transfer efficiency, a good donor of the plasmidpBlO and an unstable host for the plasmid were needed. Donor and recipient,
Stenotrophomonas maltophilia, fit these characteristics well for the experiment. Thishost was used to monitor the effective nature of the evolved plasmids pSH3 and pSH5 by examining improved persistence in the species. S. maltophilia P21 poorlymaintains plasmid pBlO (De Gelder et al., 2008) and was used to both donate the ancestral pBlO and accept the evolved plasmids pSH3 and pSH5.Plasmid pBlO was isolated previously from a wastewater treatment plant, is a self-transmissible, broad-host range plasmid that have resistance genes to tetracycline, streptomycin, amoxicillin and sulfonamide, and mercury ions (Droge, et al., 2000). Changes in the horizontal gene pool (HGP) can be beneficial for the evolution of bacterial species. Several factors that contribute to the evolution of bacteria include transposons, bacteriophages, and plasmids (Slater et al., 2008). De

2



Gelder et al., (2008), established a relationship between improvedstability/persistence of the pBlO plasmid in unfavorable hosts such as 5. maltophilia due to evolved mutations, specifically those associated with the trbC genesuggesting that broad-host-range plasmids play an important role in evolution (De Gelder et al., 2008). The trbC gene is associated with the conjugative transfersystem, and studies suggest trbC is essential in F-pillus assembly (Maneewannakulet al., 1991). As compared to pBlO, mutations in trbC, (named pSH3 and pSH5according to replicate numbers, respectively) allowed for increased persistence inthe unfavorable host, S. maltophilia P21, on solid media. While these results showthe persistence of the evolved plasmids, pSH3 and pSH5, further work is needed tounderstand the molecular basis for these differences in plasmid stability overseveral generations (specifically in liquid mating). Improved stability may be in part due to a higher transfer efficiency and thus increased persistence (De Gelder et al.,2008). I hypothesize the mutation in trbC has altered the ability of the bacterial cellto conjugate and thus improve transfer efficiency rates through both evolvedplasmids pSH3 and pSH5.
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Materials and MethodsCulture ConditionsCulture conditions were based on preparations made by De Gelder et al.,(2008) with the following modifications. The experiment was conducted withtryptic soy broth (TSB) and tryptic soy agar (TSA) all at 30°C. All liquid matingswere done at 30°C, but placed on a 200 rpm rotary shaker. Antibiotics were placedinto the media in the following concentrations: 150 mg/liter tetracycline (Tc), 250 mg/liter naladixic acid (Nal), 250 mg/liter rifampicin (Rif). Media were preparedand abbreviated as follows: TSA-Nal250Tcl50 is representative of TSA media with 250 mg/liter rifampicin and 150 mg/liter tetracycline. Transconjugant cultureswere stored at -80°C, as were the pre-existing cultures.
Conjugation Transfer of PlasmidsTo transfer plasmids between isolate donor S. maltophilia and recipient S. 
maltophilia, pre-cultures from freezer stock samples previous isolated via De Gelder et. al (2008) at -80°C were first grown by placing 3 mL of donor and recipient strains into 5 mL of sterile TSB test tubes and allowing them to grow overnight under appropriate selection. Appropriate selection in the sterile test tubes of TSB included: Nal50Tcl00 in order to prevent background bacteria from interfering with evolution results and to maintain the plasmid in its host. The following donors and recipient strains were grown: 1) P21ancRif (pB10) rep 3-ancestral donor, 2) P21ancRif (pBlO) rep 5-ancestral donor, 3) P21ancRif (pSH3-l)-evolved plasmid

4





donor, 4) P21ancRif (pSH5-l]-evolved plasmid donor, 5) P21ancNal-recipient. Theabbreviations are based on the following description: P21 corresponds to strain, Rif indicates the resistance to rifampicin, the name of the plasmid the cell carries is listed in parentheses, and finally the replicate number may be included on the end ofthe name. It is important to note the evolution experiment was conducted in two parts, because of the extensive plate work and replicate mating. Note also, thatcorresponding ancestral replicates relate to their evolved donor strains. For example, P21ancRif (pBlO) rep 3-ancestral donor corresponds to P21ancRif (pSH3-!)• After 24 hours the ancestral plasmid-carrying donors (APD3, APD5], evolved plasmid-carrying donors for pSH3 and pSH5 (EPD3, EPD5, respectively], as well as the recipient (R] had all reached approximately 10A9 cell stability levels and were ready for mating. Each donor (2.5pL) and recipient was combined into 4.88pL of TSB for liquid mating (Table 1).
Table 1. The relationship among mated donors and recipient partners.

Donor Recipient Mating PairAPD3 R APD3+RAPD5 R APD5+REPD3 R EPD3+REPD5 R EPD5+R
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Mating pairs were allowed to conjugate for another 24 hours. Cultures were thenplated, and dispensed onto the following plates in lOOpL and 250pL increments:Nal250-recipient positive control, Rif250Tcl50-positive control for donor, and Nal250Tcl50-transconjugant plates. Plates were allowed to incubate for up to fourdays at 30°C. Plates were counted and stored in 20°C.Statistical AnalysisA T-test was used to test the relationship between improved transfer efficiency of the evolved plasmids. Effective size was also measured to test the relative significant difference of the sample data.
C2 3~' . s21 /  +  Vs-

^ 2 (T-test, unequal sample sizes, unequal variance) 
Figure 1. T-test equation used to determine significance among data sets.

mcant — mcan2
vM + sl)/2

d
(Cohen’s D, measuring effect size and distribution) 

Figure 2. Effective size equation, used to determine practical significance 
among data sets.

ResultsDue to the large amount of plating and laboratory preparation for this experiment, the task was broken into two parts, named according to the evolved
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plasmids: the pSH3 experiment and the pSH5 experiment.pSH3 ExperimentThe first objective was to collect data to test the rate of plasmid transferbetween the evolved pSH3 plasmid versus the ancestral pBlO plasmid. The June 27th, 2008 collections revealed significant growth in evolved plasmid transconjugantnumbers. Recipient cells, donor cells, and transconjugant cells were all measured intriplicate (Table 3); however, there was no ancestral plasmid transconjugant growthin replicate 3.
pSH5 experimentSeveral attempts were made to obtain data for this part of the experiment, the most significant data were collected on August 5th, 2008 after several attempts to obtain data and avoid contamination. The results yielded slightly better numbers of transconjugant growth in both the donors and on transconjugants plates (Table 4); however in replicate 1 there was no growth in ancestral plasmidtransconjugants, again suggesting increased frequency of transfer with the evolved pSH5 plasmid compared to its ancestral pBlO.The second objective was to analyze whether the differences in cell growth numbers for transconjugants were significant using the T-test and effect size test. Table 2 illustrates the comparisons of the data sets. Abbreviations are as follows: A-ancestor, T-transconjugant, E-evolved, R-recipient, D-donor. An evolvedtransconjugant/recipient ratio (ET/R) from the pSH3 experiment would therefore be pSH3 ET/R. 7



Table 2: T-test and effect size of the pSH3 and pSH5 experiments. A relative 
value of <0.05 was used to calculate the significance of the T-test Also, for 
calculating the effect size, Cohen’s D represents the result of the test: 0.2 
would be considered a small effect, 0.5 medium, and 0.8 large effect

Data Compared Effect Size P-Value T-test result(True/False]pSH3 AT/R: ET/R 2.5449 (Large] 0.06854 FalsepSH3 AT/D: ET/D 0.69406 (Medium] 0.50236 FalsepSH5 AT/R: ET/R 2.7311 (Large] 0.05804 FalsepSH5 AT/D: ET/D 2.0928 (Large] 0.10570 False
None of the transfer efficiencies appear to be significant based on a T-test, due to the fact that at least one replicate from each experiment lacked sufficient transconjugants from the ancestral plasmids. Nonetheless, the effect size was considerably large for the pSH3 experiment, as well as for the pSH5 experiment suggesting there is a significant difference between the persistence of the plasmid and reinfection rate of the recipient.

DiscussionThis experiment was based on the understanding and observation of increased stability of the plasmid pBlO in unstable hosts such as S. maltophilia P21 (De Gelder 2007]. It was later discovered that plasmids maintaining this high stability also contained the same mutation in trbC (De Gelder 2008]. This increased persistence of plasmid pBlO prompted me to formulate an explanation of how
8



changing the trbC mutation could affect this process, specifically on the molecular level. Plasmids with this mutation may transfer more efficiently upon segregationand thus may have a higher rate of transfer than ancestral plasmid pBlO.
pSH3 ExperimentData suggest that transfer efficiency rate is significantly greater than that of its ancestor. While the T-test yields a “false” result, it becomes apparent how relatively significant the data are through the effect size calculation—showing that the evolved plasmid is 1.414 fold higher in transfer rates of (ED/ED+R)/[AD/AD+R] with a T-test p-value= 0.50236. Also, growth rates on transconjugant plates were considerably greater for the evolved plasmid transfer compared to the ancestor. It is necessary to have quantifiable growth when testing with T-tests; thus it may be suggested that plasmid pSH3 has a higher transfer rate than that of its ancestor, pBlO.
pSH5 experimentThe pSH5 experiment was able to generate comparable results to the pSH3 experiment. While the t-test was able to generate "false" as a result, the effect size was considerably large for this experiment as well. These data suggest that the transfer efficiency of the plasmid pSH5 is significantly greater than that of its ancestor, pBlO. The data suggest that the hypothesis of a higher transfer rate and of the two plasmids pSH3 and pSH5 is significantly greater than their ancestor pBlO.
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In this experiment there was a 59.3 fold greater transfer rate of the evolved plasmid than that of the ancestor with a p-value of 0.10570 for the experiment.Continued research in the area of plasmid pBlO stability and persistence is being conducted at the University of Idaho to directly alter the mutation involved with trbC. A new mutation will be generated to alter the ability of the plasmid to conjugate. This new research will examine whether the mutation of trbC is actually altering the pillus during conjugation (causing possible improved transfer rates) or if this mutation actually just improves the fitness of the pBlO carrying cells.
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Appendix

Table 3: Summary of data collected in pSH3 experiment

Replicate
1

Recipient
Avg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans 
(Log) Avg

R X X X X
<4
cfu/mL

N/A

APD3 X X X X
<4
cfu/mL

N/A

EPD3 X X X X 32
1.50514997

8

APD3+R 2.79E+09 9.45E+00
4.HE 

+08
8.61E

+00 1.00E+02 2.00E+00

EPD3+R 2.68E+09 9.43E+00
3.73E

+09
9.57E

+00 1.86E+04 4.27E+00

Replicate
2

Recipient
Avg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans 
(Log) Avg

R X X X X
<4
cfu/mL

N/A

APD3 X X X X
<4
cfu/mL

N/A

EPD3 X X X X
<4
cfu/mL

N/A

APD3+R 1.01E+10 1.00E+01
2.91E

+08
8.46E

+00 6.08E+03 3.78E+00

EPD3+R 2.27E+09 9.36E+00
5.99E

+09
9.78E

+00 1.77E+05 5.25E+00

Replicate
3

Recipient
Ayg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans 
(Log) Avg

R X X X X
<4
cfu/mL

N/A

APD3 X X X X
<4
cfu/mL

N/A

EPD3 X X X X
<4
cfu/mL

N/A

APD3+R 1.50E+10 1.02E+01
3.70E

+08
8.57E

+00
<4
cfu/mL 6.02E-01

EPD3+R 8.70E+09 9.94E+00
6.37E

+09
9.80E

+00 3.20E+04 4.51E+00
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Table 4: Summary of data collected in pSH5 experiment

Replicate
1

Recipient
Avg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans
(Log)
Avg

R X X X X
<4
cfu/mL

N/A

APD5 X X X X
<4
cfu/mL

N/A

EPD5 X X X X
<4
cfu/mL

N/A

APD5+R TNTC TNTC
3.95E

+08 8.60E+00
<4

cfu/mL 6.02E-01

EPD5+R TNTC TNTC
8.10E

+09 9.91E+00
2.42E+

05 5.38E+00

Replicate
2

Recipient
Avg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans
(Log)
Avg

R X X X X
<4
cfu/mL

N/A

APD5 X X X X
<4
cfu/mL

N/A

EPD5 X X X X
3.32E+

02 2.51E+00

APD5+R 3.01E+09 9.48E+00
3.30E

+08 8.52E+00
5.15E+

02 2.71E+00

EPD5+R 3.51E+09 9.55E+00
3.56E

+09 9.55E+00
3.40E+

07 7.53E+00

Replicate
3

Recipient
Avg

Recipient 
(Log) Avg

Donor
Avg

Donor
(Log)
Avg

Trans
Avg

Trans
(Log)
Avg

R X X X X
<4
cfu/mL

N/A

APD5 X X X X
<4
cfu/mL

N/A

EPD5 X X X X
2.58E+

02 2.41E+00

APD5+R 4.92E+09 9.69E+00
4.82E

+08 8.68E+00
6.40E+

02 2.81E+00

EPD5+R 6.30E+09 9.80E+00
3.86E

+09 9.59E+00
3.04E+

05 5.48E+00

12





Figure 3: Transconjugants formed from ancestral plasmid donors are 
significantly lower than the transconjugants formed from evolved plasmids 
pSH3 and pSH5. The above legend corresponds with the following 1) APD 
(Ancestral Plasmid Donor), 2) APD+R (Ancestral Plasmid Donor and 
Recipient), 3) EPD (Evolved Plasmid Donor), 4) EPD+R (Evolved Plasmid 
Donor).
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