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Abstract

Purpose We examine the impacts of dosing strategies of plasmids on bacterial communities in the murine gut by measuring
the quantity of plasmids in mouse feces.

Methods We fed mice carrier bacteria, E. coli, that contain plasmids with both a reporter gene and an antibiotic resistant
gene. We varied the quantity of the plasmid-carrying bacteria and the length of time the mice consumed the bacteria. We also
pretreated the gut with broad-spectrum antibiotics and used continuous antibiotic treatment to investigate selection pressure.
We collected bacteria from fecal pellets to quantify the number of plasmid-carrying bacteria via plate assay.

Results Dosing regimens with plasmid-carrying bacteria resulted in a significantly increased duration of persistence of the
plasmid within the gut when supplemented continuously with kanamycin during as well as after completion of bacterial
dosing. The carrier bacteria concentration influenced the short-term abundance of carrier bacteria.

Conclusion We evaluated the persistence of plasmid-carrying bacteria in the murine gut over time using varying dosage
strategies. In future work, we will study how bacterial diversity in the gut impacts the degree of plasmid transfer and the
prevalence of plasmid-carrying bacteria over time.

Lay Summary Observing how plasmids persist within the gut can help us understand how newly introduced genes, includ-
ing antibiotic resistance, are transmitted within the gut microbiome. In our experiments, mice were given bacteria contain-
ing a genetically engineered plasmid and were examined for the persistence of the plasmid in the gut. We found long-term
persistence of the plasmid in the gut when administering antibiotics during and following dosing of the mice with bacteria
carrying the plasmid. The use of higher concentrations of carrier bacteria influenced the short-term abundance of the
plasmid-carrying bacteria in the gut.

Description of Future Works Building on evidence from these initial studies that persistence of plasmids within the gut can
be regulated by the dosage strategy, we will explore future studies and models of gene uptake in the context of spatial and
taxonomic control and further determine if dosing strategies alter the compositional diversity of the gut microbiome.
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Introduction

In the mammalian gut, dynamics of the environment, includ-
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gene transfer [4]. Gene transfer is a frequent event among
bacteria [5, 6]. Understanding these dynamics is important
in order to recognize the impact that gene transfer events
have on the ability to break down food and drugs, the emer-
gence of antibiotic resistance, and the communication with
the host immune system [2, 3, 7-9]. The introduction of
new genetic elements to gut bacteria has been proposed as
a way of modifying their metabolic capabilities. To make
this possible, we need to understand the transmission and
persistence of mobile genetic constructs within the gut. In
this work, we examine the introduction of a plasmid to the
murine gut to measure its ability to persist within the micro-
bial community of the gastrointestinal tract. We study the
effect of dosage duration of carrier bacteria, dosage concen-
tration of carrier bacteria, usage of antibiotic pre-treatment,
and continuous supplementation of antibiotic for selection
pressure on gut bacteria. By developing a mathematical
model calibrated to experimental data, we will be able to
efficiently test multiple dosing strategies and conditions.

Past approaches to studying gene transfer in the gut
include culture-based techniques and high-throughput fluo-
rescent systems in which lab animals are fed bacteria con-
taining antibiotic resistant or fluorescent reporter genes to
isolate transconjugants by selection or screening, respec-
tively [10, 11]. A recent study used fluorescence-activated
cell sorting (FACS) of the bacterial recipients of plasmids
in a microbial community extracted from soil showing that
this heterogeneous community provides a hot-spot for gene
acquisition from phylogenetically distant groups, as intro-
duced plasmids were found to be hosted by very diverse
bacteria [12]. Data have supported that the host range of
plasmid recipients is carrier-dependent [13, 14], and it has
also been shown that plasmid fitness effects or costs to the
host can differ between bacteria, ultimately impacting plas-
mid persistence in bacterial communities [15-18]. A recent
review highlighted examples of engineered bacteria that
were clinically tested to afford gain-of-function to the gut
microbiome. A particular emphasis has been placed on con-
veying the need for more rigorous testing and modeling for
assessing stability and safety [19]. Approaches for quantify-
ing the stability of engineered E. coli have shown that the
mutation rate and overall fitness of a gene construct when
not under selective pressure will be affected by the number
of repeated sequences and the gene expression [20].

To discover the effect of dosing schedule, dosing con-
centration, and pre-treatment on the persistence of the
plasmid-carrying bacteria in the gut, we study the persis-
tence of plasmids within E. coli that carry a set of antibiotic
selectable and fluorescently screenable genetic markers.
We hypothesize that the persistence of the plasmid depends
on the conditions under which the plasmid-carrying E. coli
were introduced to the gut, including variations in antibiotic
pre-treatment, continuous antibiotic supplementation, and
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duration and concentration of the dosage of the plasmid-
carrying E. coli. To test this, we performed a series of plate-
based culture assays to quantify the amount of plasmid-car-
rying bacteria within the fecal samples of mice that received
doses of plasmid-carrying E. coli. As described, we have
identified that the persistence of an introduced plasmid can
be extended significantly by providing continuous antibiotic
selection pressure for carrier bacteria to retain the plasmid
carrying the corresponding antibiotic resistance gene. A
two-dimensional mathematical model with seven parameters
was fit to the experimental setting allowing us to make quali-
tative predictions in virtual conditions and dosing regimens.
While this study is limited to examining only a single form
of carrier bacteria and plasmid, we believe this initial work
will serve as a step toward future studies with the goal of
predicting and potentially controlling the duration of persis-
tence for plasmids introduced to the gut.

Methods

Carrier Bacteria Preparation, Delivery to Mice,
and Quantification from Fecal Pellets

To begin examining the persistence of a plasmid within the
gut microbiota, we selected a plasmid pWRO11 containing a
kanamycin resistance cassette, a ColE1 high copy origin of
replication, and a red fluorescent mCherry gene under the con-
trol of a PL(tetO) promoter (see Fig. 1B for a schematic of the
plasmid construct). This plasmid was transformed into chem-
ically competent E. coli of the human-derived strain Nissle
1917 that then served as the carrier bacteria for the murine
studies. Mice did not experience adverse events resulting from
the E. coli consumption studies, and all studies were carried
out in accordance with our institution’s IACUC approval.
Unless otherwise specified, mice were housed at 4 mice per
cage, and their average liquid consumption from their water
bottles was recorded. We controlled water bottle content such
as the amount of water, antibiotic, carrier E. coli, and/or any
mixtures, depending on the experimental conditions. The pres-
ence of the reporter gene and selectable resistance allowed the
bacteria which received and expressed the plasmid to be easily
discerned by plating onto selective media. To determine the
number of pWRO1 1-carrying bacteria per fecal pellet, we gath-
ered four fecal pellet samples per condition, re-suspended them
in 0.5 mL of sterile PBS, and after making serial dilutions,
we plated SuL of each dilution onto LB-agar (Lennox media
formulation) petri dishes containing kanamycin (50ug/mL).
Since only 1/100th of the sample was used during plating, the
CFU detection threshold for these studies was a minimum of
100 CFU per pellet for detection. For each mouse condition at
each timepoint, we replicated 5 plates from the same dilution
for plating. Using these plate-based cultures, we determined
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the number of cultural plasmid-carrying bacteria within each
fecal pellet sample. The antibiotic and reporter genes allowed
for simple quantification of the number of CFUs per pellet
since those bacteria form colonies expressing mCherry in the
presence of 50ug/mL kanamycin. We performed three separate
experiments as depicted in Fig. 1A.

Comparison of Length of Carrier Dosage
and Antibiotic Pre-treatment on Persistence
(Experiment 1)

In experiment one, we used 16 Swiss-Webster mice (4 weeks
of age from Charles River Labs, Wilmington, MA) to
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examine the effects of antibiotic pre-treatment and length
of dosing. We separated them into 4 groups: no antibiotic
pre-treatment + 1 week of carrier bacteria; no antibiotic
pre-treatment + 1 month of carrier bacteria; antibiotic pre-
treatment + 1 week of carrier bacteria; and antibiotic pre-
treatment + 1 month of carrier bacteria. For conditions in
which we provided antibiotic pre-treatment, we filled water
bottles with an aqueous solution of 1 g/L ampicillin, 1 g/L
neomycin sulfate, 1 g/L. metronidazole, 0.5 g/L vancomy-
cin, and 5% sucrose. Then, we gave these water bottles to
the mice for 7 days prior to dosing with carrier bacteria.
We administered the carrier bacteria treatment by replacing
the liquid in their water bottles with an aqueous solution
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containing 106 CFU/mL of carrier E. coli possessing the
pWROI11 plasmid. The mice drank the aqueous solution ad
lib, and we calculated the average amount of bacteria con-
sumed per day per mouse by weighing the individual water
bottles to find the volume of liquid consumed. We collected
fecal pellets to quantify the number of colony-forming units
(CFU) of pWRO1 1-carrying bacteria using the methods out-
lined above.

Comparison of Carrier Concentration of Dosage
on Persistence (Experiment 2)

In experiment two, we separated 24 Swiss-Webster mice into
3 groups of 8 (4 male and 4 female). Without any antibiotic
pre-treatment, we gave the mice water bottles containing an
aqueous solution of low dosage concentration (5x 10° CFU/
mL), medium dosage concentration (5 X 107 CFU/mL), or
high dosage concentration (5x 10® CFU/mL) of pWRO11
carrier bacteria. The mice consumed the aqueous solution ad
lib for 24 h, and we calculated the average amount of bacte-
ria consumed per day per mouse by weighing the individual
water bottles and finding the volume of liquid consumed. We
assessed the number of CFU of pWRO11-carrying bacteria
in collected fecal pellets by the plating procedure described
above.

Comparison of Selection Pressure with Continuous
Antibiotic Treatment on Persistence (Experiment 3)

In experiment three, we separated 24 Swiss-Webster mice
into 4 groups of 6 mice per group (3 male and 3 female).
Without any antibiotic pre-treatment, the mice were pro-
vided over a period of 7 days with a water bottle containing
pWROL11 carrier E. coli under one of the following four con-
ditions: (#1) medium dosage concentration (5 x 10’ CFU/mL
of E. coli), (#2) high dosage concentration (5 X 10® CFU/mL
of E. coli), (#3) medium dosage concentration (5 X 10’ CFU/
mL of E. coli) with 25 pg/mL kanamycin, or (#4) high dos-
age concentration (5 x 108 CFU/mL E. coli) with 25 ug/mL
kanamycin. The presence of the kanamycin supplement
served the purpose of providing selection pressure as the
pWRO11 plasmid contains the kanamycin resistance cas-
sette (KanR). After 7 days, we replaced the water bottles
with fresh water for conditions #1 and #2 listed above. In
contrast, we replaced the water bottles with water contain-
ing 25 pug/mL kanamycin for conditions #3 and #4 to pro-
vide selection pressure. We determined the number of CFU
of pWRO11-carrying bacteria in collected fecal pellets as
described above. Again, we allowed the mice to drink the
contents of the water bottle ad lib, and we calculated the
average amount of liquid consumed per day per mouse by
weighing the individual water bottles.

@ Springer

Results

In order to examine the persistence of pWRO11 plasmid car-
rier bacteria in the murine gut, we analyzed the number of
colony-forming units (CFUs) from fecal pellets selected on
kanamycin-containing media. Although a typical fecal pellet
was approximately 0.02 g, there were visible variations in
the pellet size across samples. This size variation was not
recorded in this study, but it is expected to be a factor in the
noticeable fluctuations in the number of carrier bacteria per
pellet collected over time. The results of the fecal pellets’
bacterial content reveal the number of CFUs of bacteria in
the fecal pellet that possess the pWRO11 plasmid for each of
the distinct dosage conditions as outlined below. In Fig. 2A,
the data reveal two distinct conditions: either (1) 1 week of
pre-treatment with broad-spectrum antibiotics followed by
1 week of consumption of bacteria via water bottles contain-
ing 10® CFU/mL of plasmid-carrying E. coli or (2) 1 week of
consumption of bacteria from water bottles with 10® CFU/
mL of plasmid-carrying E. coli but no antibiotic pre-treat-
ment. Having provided 10® CFU/mL of carrier bacteria and
recording the amount of liquid consumed to range between
4 and 9 mL per mouse per day, we determined that 4 x 10°
to 9 x 10° bacteria were consumed per mouse per day. After
1 week of providing the carrier bacteria to the mice via water
bottles, the bottles were replaced with fresh water without
bacteria, and the fecal pellets were collected beginning the
day after receiving fresh water. After providing carrier bac-
teria at 10° CFU/mL for 1 week, we measured the persis-
tence of plasmid-carrying bacteria in the fecal pellets at a
level above 10* CFUs per pellet on days 1 and 4 for the case
of antibiotic pre-treatment but on only day 1 for the case of
no antibiotic pre-treatment.

To determine if a longer dosage period for providing
the plasmid-carrying bacteria to the mice would result in a
change in the observed persistence of the plasmid, we also
examined (as seen in Fig. 2A) the presence of carrier bacte-
ria in the fecal pellets of the mice that received 1 month of
the pWRO11 plasmid-carrying E. coli. In looking at these
longer dosing timescales, we can see that the number of
plasmid-carrying bacteria in the fecal pellets remained
above the level of 10* of CFU/pellet for 15 days in both
the case of mice having undergone antibiotic pre-treatment
and mice having no antibiotic pre-treatment prior to this
1 month (30 days) of ad lib consumption of plasmid-car-
rying E. coli to the mice at 10° CFU/mL. In comparison to
our 1-week dosing study, it appears that this longer dosage
time of 1 month for the plasmid carrier E. coli could result in
extended persistence of 15 days as compared to persistence
of only 4 days if dosing with carrier bacteria for 1 week.

In experiment 2 (Fig. 2B), we gave mice without anti-
biotic pre-treatment three different dosage concentrations
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of pWRO11 plasmid carrier E. coli bacteria in their water
bottles for a single 24-h period. The concentrations span-
ning three orders of magnitude were a low dosage concen-
tration of 5 x 10® CFU/mL, a medium dosage concentra-
tion of 5x 10’ CFU/mL, or a high dosage concentration of
5x 10® CFU/mL of the pWRO11 carrier bacteria. The data
in Fig. 2B affirms the expectation that a higher number of
carrier bacteria initially appeared in the pellet for mice,
providing the higher concentration dosing of carrier bac-
teria. These results indicate that the higher dosage concen-
tration of consumed carrier bacteria provided an increased
timeframe of plasmid persistence. Specifically, 2 days of
plasmid carrier persistence was observed after a single
day dosage of low concentration carrier CFU, while 6 days
of plasmid carrier persistence was seen after a single day
dosage of either medium or high concentration of carrier.

To examine if increased persistence could be achieved by
providing a selection pressure for the bacteria to carry the
plasmid, we provided half of the mice in experiment 3 with a
continuous supply of kanamycin in their water bottles along
with a 1-week continuous dose of either medium or high
dosage concentration of pWRO11-carrying E. coli. After
1 week of bacterial dosing, those mice receiving simulta-
neous kanamycin continued to receive the kanamycin sup-
plement alone in their water bottles. Because the pWRO011
plasmid imparts kanamycin resistance, the selective advan-
tage for carrying the plasmid was expected to enhance its
persistence in the gut, as seen in Fig. 3. The data demon-
strated that after 1 week of providing carrier bacteria to the
mice at either the high or medium dosage concentration, a
significant increase in the persistence of plasmid-carrying
bacteria could be seen for the mice that were also provided
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a continuous supply of kanamycin as a selection pressure.
Without the continuous supply of kanamycin, the number
of carrier bacteria remained detectable for 3 to 10 days,
respectively, for 1 week of medium or high dosage concen-
tration of carrier bacteria. In contrast, at those same dos-
ages and provided a continuous supply of kanamycin, the
carrier bacteria population remained detectable (above our
100 CFU detection limit) for 50 to 55 days (Fig. 3). Directly
comparing the two conditions, we observed a statistically
significant increase in persistence when applying selection
pressure (48 + 14 days) as compared to no selection pressure
(6 +4 days) (P-value=0.007 using a two-tailed #-test).
Using the data from experiment 3, we developed a model
for mice given antibiotics consistently or without antibiotics
using a two-population logistic growth model based on the
introduction of a carrier species harboring a transferrable
plasmid that confers antibiotic resistance as well as a second
population that does not possess the antibiotic resistance
but that may become resistant upon receiving the plasmid.
The following are the model equations for each population:

B,
dt

B\+B,

= alBl(l -

the “multistart” option. The parameters were constrained to
be in a prescribed interval, and the fitting routine started at
multiple points in this constrained parameter space in order
to distinguish between local minima. The parameters a;, a,,
n, and y were first fitted to data from the experiment without
antibiotics (Fig. 4A), and then using these values of 7 and ,
the growth and death parameters (a,, a,, and ) were fitted
to the experimental data for the antibiotic model (Fig. 4B).
Numerical simulations were run using the built-in ordinary
differential equations solver ode45 in MATLAB.

Discussion

Our observations that mice provided a 1-week dosage of
carrier E. coli show plasmid carrier persistence for 4 days
are consistent with prior work showing that E. coli K12
can survive in the human intestine for nearly a week after
a single dose of > 10* CFU [21]. In another example from
the literature in which E. coli were genetically engineered

) ~ 7B, +nB, - DB, & = a282(1 - B';KBZ) +yB, — 4B, — DB, — 1B,

Here, B, is the plasmid carrier bacteria, B, is the non-
carrier bacteria, K is the carrying capacity of the environ-
ment, D is the dilution rate of bacteria due to defecation, a;
and a, are the intrinsic growth rate constants of B; and B,,
n is the rate of plasmid transfer from carrier to non-carrier,
y is the rate of plasmid loss, and 4 is the antibiotic-induced
death rate. In Fig. 4, the model is fit to our data of the high
dosage concentration of carrier bacteria with the units of the
number of bacteria present per fecal pellet, and time is meas-
ured in days. The fits were carried out using MATLAB’s
built-in constrained optimization routine “fmincon” with

Fig. 3 Results from experiment
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to possess a chromosomally integrated lambda-epigenetic
switch as a memory element for detected chemical cues,
it was shown that 8 days after the final dosage of the K12-
based E. coli strain, the amount of remaining engineered
bacteria in the fecal pellet was less than 1 CFU per mg,
where a typical fecal pellet may be approximately 20 mg.
Thus, the engineered bacteria were almost completely out-
competed by the natural gut flora, while a higher amount
(of ~1000 CFU per mg) was identified on day 8 for a simi-
larly engineered NGF-1 strain [22]. We found that increasing
the single day dosage amounts of carrier bacteria produced
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Fig.4 Preliminary models of
persistence of bacteria intro-
duced to the murine gut based
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noticeably higher abundances of plasmid carrier in the initial
days after completing the dosing regimen. In looking at the
longer dosing timelines, we saw an increased duration of the
persistence of the plasmid within the gut. This could be due
to the longer duration course of consumed bacteria harbor-
ing the plasmid providing more opportunities for transfer
of the plasmid to the existing commensal gut bacteria, or
alternatively, it could be due to the longer dosing allowing
the consumed bacteria a better chance of colonizing the gut.

It has been shown that the stable introduction of exog-
enous bacterial strains for conditioning to the gut may ben-
efit from the use of antibiotic pre-treatment to reduce com-
petition with resident gut bacteria [23]. Our comparison
between broad-spectrum antibiotic pre-treated mice and
untreated mice did not reveal differences in persistence,
but a higher carrier bacteria abundance was observed for
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antibiotic pre-treated mice immediately after the carrier E.
coli dosage period, which may be reasonably attributed to
increased survival of the introduced E. coli. There are sev-
eral reports in the literature of the effects of competition
from resident bacteria on colonization [24-26]; however,
we cannot say definitively from this study that antibiotic
pre-treatment reduces commensal bacteria to increase car-
rier survival. For example, in our 1-month and 1-week
study shown in Fig. 2A, we observed no significant effects
of antibiotic pre-treatment on the persistence. We did, in
contrast, find a significant increase in the persistence of
the pWRO11-carrying bacteria in the fecal pellets when
providing selection pressure, as seen in Fig. 3, compar-
ing mice having consumed bacteria with and without the
continuous supplement of kanamycin.
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This work represents our first attempts to examine the
persistence of plasmid within carrier bacteria. Further
work using refined approaches is needed to uncover pos-
sible underestimation of the number of plasmid-carrying
bacteria. Not all transconjugants such as resident bacteria
that have received the plasmid are capable of being cul-
tured on the selected media used here. Our preliminary
mathematical model predicts that, when an antibiotic is
administered persistently over a period of time, the growth
rate of the non-carrier bacteria decreases, while the growth
rate of the carrier bacteria increases slightly. This model
qualitatively describes the selection pressure due to con-
tinuous kanamycin supplementation. We will build on this
model in future work, where we will incorporate more
details of the processes associated with the transfer and
maintenance of plasmids. We will include aspects of plas-
mid stability and an additional population not capable of
carrying the plasmid to better represent the physical sys-
tem. Additionally, we will carry out a sensitivity analysis
that will illustrate which parameters are most influential
in the model.

Conclusion

Through this study, we provide an assessment of the plas-
mid carrier’s persistence in the murine gut. We revealed
the effect of duration in plasmid carrier dosing as well as
selection pressure by continuous antibiotic treatment on per-
sistence. While serving as a starting point for more sophis-
ticated studies of gene transfer, this work can provide a foun-
dation for selecting plasmid carrier dosing conditions when
examining the dynamics of genetic constructs through the
murine gut. We have also provided a very simple prelimi-
nary model, which displays a qualitative fit; however, we
aim to explore more advanced models that provide accurate
approximations for more complex processes. Future work in
discerning between carrier and recipient bacteria among the
carrier bacteria will also help to improve our understanding
of the degree of gene transfer, and examining compositional
changes in the bacterial diversity of the recipients over time
will provide valuable information on rates of carrier-recip-
ient transfer. Finally, we anticipate that continued work on
iteratively improving these models will help to direct future
experiments and, ultimately, lead to a better understanding
of the persistence of mobile genetic elements in the gut.

Funding The authors acknowledge the financial support from the
National Heart, Lung, and Blood Institute with the award number NIH
T32 HL134613 to LeNaiyaKydd. In addition, this research was sup-
ported by the Office for Research at UT Arlington via the Interdisci-
plinary Research Program.

@ Springer

Availability of Data and Material All data collected has been provided
within the manuscript.

Code Availability Not applicable.

Declarations

Ethics Approval Not applicable.
Consent to Participate Not applicable.

Consent for Publication Not applicable.

Conflict of Interest The authors declare no competing interests.

Additional Declarations for Articles in Life Science Journals that Report
the Results of Studies Involving Humans and/or Animals The studies
have been approved by the Institutional Animal Care and Use Commit-
tee (IACUC) at UT Arlington where we conducted our study (Animal
Care Assurance Number: A3169-01).

Disclaimer The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Insti-
tutes of Health.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Barr 1J, Auro R, Furlan M, Whiteson KL, Erb ML, Pogliano
J, et al. Bacteriophage adhering to mucus provide a non—host-
derived immunity. Proc Natl Acad Sci. 2013;110:10771-6.

2. Porse A, Gumpert H, Kubicek-Sutherland JZ, Karami N, Adler-
berth I, Wold AE, et al. Genome dynamics of Escherichia coli dur-
ing antibiotic treatment: transfer, loss, and persistence of genetic
elements in situ of the infant gut. Front Cell Infect Microbiol.
2017;7:126.

3. Garud NR, Pollard KS. Population genetics in the human micro-
biome. Trends Genet. 2020;36:53-67.

4. van Reenen CA, Dicks LM. Horizontal gene transfer amongst
probiotic lactic acid bacteria and other intestinal microbiota: what
are the possibilities? A review. Arch Microbiol. 2011;193:157-68.

5. Lambrecht E, Van Coillie E, Van Meervenne E, Boon N, Heyn-
drickx M, Van de Wiele T. Commensal E. coli rapidly transfer
antibiotic resistance genes to human intestinal microbiota in the
Mucosal Simulator of the Human Intestinal Microbial Ecosystem
(M-SHIME). Int J Food Microbiol. 2019;311:108357.

6. Wang T, You L. The persistence potential of transferable plasmids.
Nat Commun. 2020;11:1-10.


http://creativecommons.org/licenses/by/4.0/

Regenerative Engineering and Translational Medicine (2022) 8:489-497

497

10.

11.

12.

13.

14.

15.

16.

17.

Van Schaik W. The human gut resistome. Philos Trans R Soc B:
Biol Sci. 2015;370:20140087.

Christaki E, Marcou M, Tofarides A. Antimicrobial resistance
in bacteria: mechanisms, evolution, and persistence. ] Mol Evol.
2020;88:26—40.

Lopatkin AJ, Meredith HR, Srimani JK, Pfeiffer C, Durrett R,
You L. Persistence and reversal of plasmid-mediated antibiotic
resistance. Nat Commun. 2017;8:1-10.

Mclnnes RS, McCallum GE, Lamberte LE, van Schaik W. Hori-
zontal transfer of antibiotic resistance genes in the human gut
microbiome. Curr Opin Microbiol. 2020;53:35-43.

Karimi S, Ahl D, Vagesjo E, Holm L, Phillipson M, Jonsson H,
et al. In vivo and in vitro detection of luminescent and fluorescent
Lactobacillus reuteri and application of red fluorescent mCherry
for assessing plasmid persistence. PLoS One. 2016;11:e0151969.
Kliimper U, Riber L, Dechesne A, Sannazzarro A, Hansen LH,
Sgrensen SJ, et al. Broad host range plasmids can invade an unex-
pectedly diverse fraction of a soil bacterial community. ISME J.
2015;9:934-45.

De Gelder L, Vandecasteele FP, Brown CJ, Forney LJ, Top EM.
Plasmid donor affects host range of promiscuous IncP-1p plasmid
pB10 in an activated-sludge microbial community. Appl Environ
Microbiol. 2005;71:5309-17.

Rodriguez-Beltran J, DelaFuente J, Le6n-Sampedro R, MacLean
RC, San Millan A. Beyond horizontal gene transfer: the role of
plasmids in bacterial evolution. Nat Rev Microbiol 2021:1-13.
Alonso-del Valle A, Ledn-Sampedro R, Rodriguez-Beltran J,
DelaFuente J, Hernandez-Garcia M, Ruiz-Garbajosa P, et al. The
distribution of plasmid fitness effects explains plasmid persistence
in bacterial communities. bioRxiv 2020.

Di Luca MC, Sgrum V, Starikova I, Kloos J, Hiilter N, Naseer U,
et al. Low biological cost of carbapenemase-encoding plasmids
following transfer from Klebsiella pneumoniae to Escherichia
coli. J Antimicrob Chemother. 2016;72:85-9.

Gama JA, Kloos J, Johnsen PJ, Samuelsen @. Host dependent
maintenance of a bla NDM-1-encoding plasmid in clinical Escher-
ichia coli isolates. Sci Rep. 2020;10:1-7.

18.

19.

20.

21

22.

23.

24.

25.

26.

Li L, Dechesne A, Madsen JS, Nesme J, Sgrensen SJ, Smets BF.
Plasmids persist in a microbial community by providing fitness
benefit to multiple phylotypes. ISME J. 2020;14:1170-81.
Riglar DT, Silver PA. Engineering bacteria for diagnostic and
therapeutic applications. Nat Rev Microbiol. 2018;16:214-25.
Sleight SC, Sauro HM. Visualization of evolutionary stabil-
ity dynamics and competitive fitness of Escherichia coli engi-
neered with randomized multigene circuits. ACS Synth Biol.
2013;2:519-28.

Anderson E. Viability of, and transfer of a plasmid from, E. coli
K12 in the human intestine. Nature. 1975;255:502—4.

Kotula JW, Kerns SJ, Shaket LA, Siraj L, Collins JJ, Way JC, et al.
Programmable bacteria detect and record an environmental signal
in the mammalian gut. Proc Natl Acad Sci. 2014;111:4838-43.
Poulsen LK, Lan F, Kristensen CS, Hobolth P, Molin S, Krogfelt
KA. Spatial distribution of Escherichia coli in the mouse large
intestine inferred from rRNA in situ hybridization. Infect Immun.
1994;62:5191-4.

Deriu E, Liu JZ, Pezeshki M, Edwards RA, Ochoa RJ, Contre-
ras H, et al. Probiotic bacteria reduce salmonella typhimurium
intestinal colonization by competing for iron. Cell Host Microbe.
2013;14:26-37.

Lazzaro BP, Fox GM. Host-microbe interactions: winning the
colonization lottery. Curr Biol. 2017;27:R642-4.

Obadia B, Giivener ZT, Zhang V, Ceja-Navarro JA, Brodie EL,
William W], et al. Probabilistic invasion underlies natural gut
microbiome stability. Curr Biol. 2017;27:1999-2006. e8.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Introduction of Plasmid to the Murine Gut via Consumption of an Escherichia coli Carrier and Examining the Impact of Bacterial Dosing and Antibiotics on Persistence
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Lay Summary 
	Description of Future Works 

	Introduction
	Methods
	Carrier Bacteria Preparation, Delivery to Mice, and Quantification from Fecal Pellets
	Comparison of Length of Carrier Dosage and Antibiotic Pre-treatment on Persistence (Experiment 1)
	Comparison of Carrier Concentration of Dosage on Persistence (Experiment 2)
	Comparison of Selection Pressure with Continuous Antibiotic Treatment on Persistence (Experiment 3)

	Results
	Discussion
	Conclusion
	References


