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FIG. 7. Gel electrophoretic analysis of the plasmid preparation of donor E. coli S17-1 with
pECU-001, recipient E. coli EM24NR and putative transconjugants following various mating
times. Lanes 2, 3: donor E. coli S17-1; lanes 5, 6: recipient E. coli EM24NR; lanes 8,9: putative
transconjugant 30 mins; lanes 11,12: putative transconjugant 60 minutes; lanes 15,16: putative
transconjugant overnight conjugation; lanes 1,13: NEB molecular weight standard. Lanes 2, 5, 8,
11, 15: uncut samples, while lanes 3, 6, 9, 12, 16: EcoRI digests.
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FIG. 8. Determination of rifampin resistance in E. coli S17-1 harboring pECU-001 and
Clostridium scindens VPI 12708, 100 ul of overnight culture was lawn-streaked onto anaerobic
tryptic soy agar plates with rifampin at varying concentrations and incubated for 48 hours at
37°C in Gas Pac Jars and observed for growth. The dark blocks represent Clostridium scindens
VPI 12708%" and the light blocks represent E. coli S17-1. Too numerous to count colonies have
been represented by the maximum of 1000 CFUs.

Data are representative of two separate experiments.
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FIG. 9. Gel electrophoresis of the plasmid preparation from donor E. coli S17-1, recipient
Clostridium scindens VPI 12708%" and putative transconjugant on a 1% agarose gel,
demonstrating the presence of pECU-001. Lane 1: NEB molecular size standard; lanes 3,4,5:
E.coli S17-1, lanes 7,8,9: Clostridium scindens VPI 127088, lanes 11, 12, 13: putative
transconjugant. Lanes 3,7,11: undigested; lanes 4,8,12: digested with EcoRI; lanes 5,9,13:
digested with BamHI.
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FIG. 10a. Broth characteristics of donor, recipient, and putative transconjugant. The cultures
were inoculated (1/10) into anaerobic brain heart infusion broth with 1 day old cultures,
incubated at 37°C for 24-36 hours and observed for gas production and turbidity. (1)
Clostridium scindens VPI 12708, (2) E. coli S17-1 harboring pECU-001 and (3) putative
transconjugant with pECU-001.

42



FIG. 10b. Gram stain and morphology of the donor, recipient and putative transconjugant
containing pECU-001. Microphotographs demonstrating (A) Gram positive (recipient)

Clostridium scindens VPI 12708%". (B) Gram negative (donor) E. coli S17-1 (C) Gram positive
putative transconjugant
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FIG. 11. Determination of antibiotic erythromycin sensitivity in E. coli S17-1 with pECU-001
under aerobic and anaerobic conditions. 100 ul of an overnight culture of E. coli S17-1 was

lawn-streaked onto tryptic soy agar plates with erythromycin at varying concentrations, and the
plates were incubated aerobically and duplicates were incubated under anaerobic conditions in

44

Gas Pac jars at 37°C for 48 hours and observed for the presence of erythromycin-tolerant colony
forming units (CFUs). Too numerous to count colonies are represented by the maximum of 1000
CFUs in the figure. The dark blocks represent anaerobically incubated plates and the light blocks
represent aerobically incubated plates.
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FIG. 12. Determination of altered rifampin sensitivity under aerobic and anaerobic conditions in
E. coli S17-1 harboring pECU-001. 100 pl of an overnight culture of E. coli S17-1 was lawn-
streaked onto tryptic soy agar plates containing rifampin at varying concentrations, and the plates
were incubated aerobically and duplicates were incubated under anaerobic conditions in Gas Pac
jars at 37°C for 48 hours and observed for the presence of rifampin-tolerant colony forming units
(CFUs). Too numerous to count colonies are represented by the maximum of 1000 CFUs in the
figure. The dark blocks represent anaerobically incubated plates and the light blocks represent
aerobically incubated plates.
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FIG. 13. Gel electrophoretic analysis of plasmid preparations from donor E. coli S17-1 harboring
pWKU-001, recipient Clostridium scindens VPI 12708 and putative transconjugant(s) run on 1%
agarose gel stained with ethidium bromide. (A) Lane 1: NEB molecular weight standard; lane 3:
undigested and lane 4: EcoRI digest. (B) Lanel: 1kb molecular weight standard; lanes 2,3: E.
coli S17-1; lanes 4,5: Clostridium scindens VPI 12708; lanes 6-17: different isolates of the
putative transconjugant. Lanes 2, 4, 6, 8, 10, 12, 14, 16: samples digested with EcoRI, lanes 3,5,
7,9, 11, 13, 15, 17: samples digested with Smal.
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FIG. 14. Growth curve analysis of the putative transconjugant harboring pWKU-001. 100 ml
sterile BHI media with selective antibiotics added was inoculated (1/20) with the putative
transconjugant incubated at 37°C, OD ¢ponm measured at hourly intervals and the results were
graphically represented. Cholic acid (0.1 mM) was added (large arrow) to the bile induced
culture (A) and sterile water was added to the uninduced ( ) culture.
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FIG. 15. Growth curve analysis of C. scindens VPI 12708 and putative transconjugants
harboring pWKU-001. 100 ml sterile BHI with selective antibiotics added was inoculated (1/20)
with the putative transconjugants or C. scindens and incubated at 37°C, OD goonm measured at
hourly intervals and the results were graphically represented. A, B, 5, and D, various cultures of
putative transconjugants; test, samples induced with 0.1 mM cholic acid; control, uninduced
samples. Arrow indicates bile acid addition to the induced cultures.
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TABLE 7. Erythromycin sensitivities of E. coli S17-1 with pWKU-001 and Clostridium scindens

VPI 12708

100 pg/ml erythromycin 100 pg/ml eryt.h rom).fcm *
. ) 20 pg/ml rifampin
Bacterial strain Gas Gas
Turbidity production Turbidity production
E. coli Sl7—30\;/1th pWKU- No growth Nil No growth Nil
Clostridium scindens VPI et + St +
12708

“ Bacterial strains were inoculated (1/10) into 10 ml anaerobic BHI broth and incubated at 37°C
for 36 hours and observed for growth and gas production. +++, turbid growth ; +, gas produced.



CHAPTER IV

DISCUSSION

In order to characterize the baiP promoter, a functional method of gene transfer into the
bacterium is required. We have demonstrated that conjugation by a simple reproducible bench
top method is an efficient method of transfer of plasmids with RP4 capability. The results
indicate that E. coli S17-1 can serve as a conjugal donor for plasmid transfer to Clostridium
scindens VPI 12708. Also, the plasmid pECU-001 could serve as an excellent shuttle vector

between E. coli S17-1 and Clostridium scindens VPI 12708.

Most of the problems associated with conjugal transfer between facultatively anaerobic
Gram-negative E. coli and obligately anaerobic Gram-positive Clostridium scindens VP1 12708
have been addressed. E. coli S17-1, with the transfer (mobilization) genes of the Birmingham
IncPa-type plasmid RP4 integrated into the chromosome, was utilized as the conjugal donor (38,
43). The vector plasmids, pECU-001, pWKU-001 and pWKU-002, are derivatives of the
Clostridium perfringens shuttle vector pJIR750. pJIR750 has ori sequences for E. coli and
Clostridium perfringens, and a chloramphenicol acetyl transferase gene that renders the host
chloramphenicol resistant. pPECU-001 has in addition an origin of transfer region from the IncP
RK231 plasmid, another broad host range vector. A similarly designed system has been
demonstrated to successfully transfer the vector between E. coli host and Clostridium
perfringens recipient using an anaerobic chamber (27). It was hypothesized that this system
would work in Clostridium scindens VPI 12708, and it was attempted to simplify the process

without the use of an anaerobic chamber. The potential problem of anaerobiosis was tackled by
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packing together facultatively anaerobic donor E. coli cells around the anaerobic recipient during
conjugation, the idea being that any oxygen in the tube would be scavenged by the E. coli, thus
ensuring an anaerobic environment for Clostridium scindens VPI 12708 (40). Also, the media
plates were incubated in anaerobic Gas Pac jars with a palladium catalyst to facilitate bench top

anaerobiosis.

The results indicate that anaerobic incubation with the donor and recipient immobilized on an
agar surface provides adequate support for mating (Tables 1-4). However, the efficiency of cell
recovery from the matrix of the agar surface cannot be calculated using this method. It is likely
that cell recovery is poor, so this procedure is recommended only for qualitative conjugation
experiments. It is difficult to use this method, by the same argument, to quantify the precise
number of matings. Transfer frequencies of 0.2 x 10 =3.0 x 10™ per donor cell and 0.04 x 10 —
0.5x 10™ per recipient cell were obtained for the conjugal transfer of the vector pECU-001. It
can be expected that the actual transfer frequency would be higher if all the cells were to be

recovered.

However, transfer frequencies could not be obtained with matings involving pWKU-001 as
the shuttle vector. Isolated colonies could not be obtained with this method. As demonstrated by
gel electrophoresis, the plasmid was successfully transferred to the recipient, however it was not
stable (Fig. 13A and Fig. 13B). It is possible that the putative transconjugant developed tolerance
to chloramphenicol and the plasmid was lost. As the putative transconjugant was constantly
cultured in chloramphenicol, it is possible that a spontaneous chloramphenicol mutant arose. It

can be hypothesized that as spontaneous chloramphenicol resistance increased in the culture, the
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requirement for the plasmid decreased. It is possible that as the plasmid was not required for

survival in the presence of chloramphenicol, it was lost.

Alternatively, the GUS reporter gene could be toxic to the cell. In order to test this
hypothesis, growth curve analysis was performed on bile acid induced and uninduced putative
transconjugant cultures. It was hypothesized that if reporter gene toxicity was indeed present
then a difference in growth rates would be observed between the bile acid induced and
uninduced samples. However, growth curve experiments demonstrated no difference in cell
viability in the cholic acid induced and uninduced samples, thus eschewing this hypothesis (Fig.
8). In addition, no demonstrable increase of GUS activity upon bile acid induction in the putative
transconjugants was observed. This confounds the results of the growth curve analysis, as it is
uncertain if the promoter itself was functional. In addition, as noted previously (25), Clostridium

scindens VPI 12708 did not exhibit any B-glucuronidase enzyme activity (Fig. 9).

Possible explanations for lack of induction by cholic acid in the putative transconjugant
include: a) the plasmid was absent in the putative transconjugant, possibly due to an increase in
cell chloramphenicol resistance, b) promoter was inactive or nonfunctional, ¢) the reporter gene
was not induced by the promoter, d) the reporter gene was transcribed but not translated, or e)

the B-glucuronidase protein was misfolded and inactive.

Changes in level of antibiotic sensitivity of E. coli S17-1 were also a problem. It was noted
that E. coli S17-1 was susceptible to an antibiotic in aerobic conditions but became tolerant to

the antibiotic at the same concentration when plated under anaerobic conditions. It is possible
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that this is related to the oxygen requirements of the protein responsible for antibiotic resistance.
It is also interesting that E. coli S17-1 harboring pWKU-001 was more tolerant to rifampin than
E. coli S17-1 harboring the smaller pPECU-001. Perhaps antibiotic resistance also is dependent on
the metabolic requirements of the cell, as the cell harboring a larger plasmid would have
different metabolic requirements than a cell harboring a smaller plasmid. Since the donor E. coli
S17-1 quickly became tolerant to rifampin, in experiments involving transfer of pWKU-001 and
pWKU-002, erythromycin (100 pg/ml) was used for recipient selection. The concentrations of
both chloramphenicol and erythromycin were increased to 200 pg/ml in the conjugation
experiments involving pWKU-002. However, whether it is a good idea to increase antibiotic
concentration to higher levels to circumvent the potential development of antibiotic resistance is

confounded by the fact that no putative transconjugants were obtained in these experiments.

It is interesting that a commercially available plasmid preparation kit, utilizing the alkaline
lysis method, extracted plasmids from Clostridium scindens VPI 12708 transconjugants, and
yielded ~2-5ng DNA/ul, with a similar high copy number as in the donor E. coli S17-1 as
demonstrated by the gel electrophoresis photographs. This suggests the cell wall of Clostridium
scindens VPI 12708 is sensitive to lysozyme and is lysed easily under standard conditions. This

observation should simplify the genetic analysis of the strain.

The data suggest that the method of conjugation followed in this study could be useful
because mating can occur on the bench top or in an incubator in anaerobic agar tubes rather than
mating on membranes, as is traditionally done. Furthermore, these data suggest that the

Clostridium perfringens plasmid pECU-001 can be successfully used as a vector to introduce
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genetic constructs in Clostridium scindens VPI 12708. The results indicate that the
chloramphenicol resistance marker is adequately expressed and the origin of replication (oriCP)

is functional even in Clostridium scindens VPI 12708.

However, pWKU-001 is not stable in the transconjugant and pWKU-002 could not be
transported into Clostridium scindens VPI 12708. A better understanding of the confounding
problems associated with these shuttle vectors is needed. This will be crucial in the successful
development of a system of genetic transfer into the bacterium Clostridium scindens VPI 12708
to characterize the bai promoter region. An elucidation of the mechanism of action of the bai
promoter is required to understand the process of 7a-dehydroxylation that converts primary bile

acids to secondary bile acids.
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