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Figure 5.6 
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Stem mutant 2 contained a disruption in the pairing at the top of the terminator and 

displayed a different phenotype compared to the other previously described mutants.  As 

seen in the other two terminator mutants, higher levels of eutG expression were seen 

under non-inducing conditions. Additionally, expression increased approximately 20% in 

the presence of both AdoCBL and ethanolamine (p value = 0.014).  However, cells 

grown with only ethanolamine did not follow the same pattern observed with the other 

two terminator mutants.  The addition of only ethanolamine to the media resulted in an 

approximately 20% increase in expression compared to cells grown in media lacking both 

AdoCBL and ethanolamine (p value = 0.0051) (Figure 5.6).  

 

Overall, there was constitutive expression of eutG in mutants with a disruption or a 

deletion in the putative terminators, providing evidence for the formation of this structure 

and its importance in regulating eutG expression.  One important difference between my 

studies of terminator deletions in the 5’UTR of eutG and Dr. DebRoy’s similar studies of 

terminator mutations in the 5’UTR of eutP is that in all my terminator deletion mutants, 

expression of eutG underwent a slight increase in the presence of both AdoCBL and 

ethanolamine.  As stated above, this may suggest that my mutations do not completely 

disrupt terminator function, or alternatively, that the upstream eutP promoter is 

contributing to the overall gene expression observed.  Disrupting the eutP promoter 

would be one method by which we could distinguish between these two possibilities.  Of 

particular interest is stem mutant 2, which completely loses dependence on the 

ethanolamine inducer but retains partial dependence on AdoCBL.  This result could 

indicate that the part of the terminator that remains is still sensitive to the antitermination 
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effects of EutV, but not the riboswitch, potentially hinting at a dissectible difference 

between how these two antitermination mechanisms both act on this terminator.  This 

makes sense considering that the part of the terminator that remains does contain the P6 

loop, which I am hypothesizing is what EutV binds.    

 

Mutational analysis of the P5 and P6 stem loops 

The universal ANTAR model posits that a dimer of EutV interacts with two stem loop 

pairs, locking in a structure that prevents the hairpin terminator from forming.  The 

presence of the conserved AXXG motif on the loop of each stem is also required for 

interaction.  Therefore without the stem loops, or if the AXXG sequence is mutated, the 

antitermination complex will not form but the transcription terminator will, leading to no 

induction of expression of the downstream genes.  Preliminary experiments by Dr. 

DebRoy on the P1 loop of eutP fit with this hypothesis as mutation or deletion of the P1 

loop greatly inhibits antitermination. 

 

To examine if the P5/P6 region in eutG functions in accordance with the model, I made 

three mutations in the eutG P5/P6 region.  The first mutant changed the sequence 

containing the AXXG motif of P5 from CAAUGC to CUUAAG, which is a AflII 

restriction endonuclease cleavage site (Figure 5.7B).  According to our model, this 

mutant should reduce transcription due to a lack of formation of an antitermination 

complex.  
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I also constructed a mutant in which the sequence containing the AXXG motif in P6 was 

mutated from GCAAAG to GUUAAC, again changing both conserved bases.  This 

mutation also eliminated a predicted base pairing interaction in the stem (Figure 5.7C).  

According to the model, expression of eutG will not be induced in any conditions 

because the antitermination complex will not form.   

 

The third mutant has changes of predicted pairing bases in the P5 stem to non-pairing 

bases (Figure 5.7D).  Based on the model, if the P5 stem is not formed, little eutG 

expression will be seen.  

 

Mutants 1 and 2 individually changed the AXXG motif of P5 and P6 respectively.  To 

investigate the role of the P5 and P6 AXXG motifs in eutG expression, I used qRT-PCR 

to determine the expression of eutG in the two mutants that had individual changes to the 

AXXG of P5 or P6.  Both mutants had low transcript levels of eutG in all conditions 

tested  (No addition, AdoCBL, ethanolamine, and AdoCBL and ethanolamine).  When I 

compared the eutG expression levels in the mutants to that measured in wild-type, I 

found that the mutants displayed similar expression level to the wild-type locus in non-

inducing conditions (Figure 5.8).  Therefore, the conserved AXXG motif on both P5 and 

P6 are likely required for proper formation of the antiterminator complex at eutG.  In P5 

there was a slight increase in transcription in the inducing conditions.  A similar increase 

was observed in P6, but this result was not consistent between experiments (Figure 5.8).  

This may indicate that a slight level of induction occurs in these mutants. 
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Figure 5.7  Schematic representation of mutations to P5 and P6 stem loops.  A. Wild-

type P5 and P6 sequence.  B.  AXXG mutation of P5.  C.  AXXG mutation of P6.  D.  

Mutation to the stem of P5 from pairing to non-pairing bases. Red letters indicate bases 

that were mutated.  Red Bold letters indicate the conserved A and G of the AXXG motif. 
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Figure 5.7 
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Figure 5.8  qRT-PCR of eutG in P5 and P6 mutants.  Expression of eutG is not 

inducible when mutations are made to P5 and P6 AXXG motif.  Mutation to the P5 stem 

is also renders eutG uninducible. Error bars indicate standard deviation. Etn = 

ethanolamine. 
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Figure 5.8 
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 My third mutant disrupted pairing interactions within the P5 stem.  Similar to my results 

with the AXXG motif mutants, there was also similar expression levels in non-inducing 

vs. inducing conditions in the mutant that disrupts pairing interactions within the P5 stem.   

Therefore the formation of a hairpin structure is likely necessary for proper 

antitermination complex formation (Figure 5.8).  

 

Mutation of the P3 and P4 region of eutG 5’UTR 

A unique feature of the eutG UTR is the presence of a putative second pair of stem loops, 

P3 and P4.  One potential hypothesis is that EutV dimer binding at P3 and P4 promotes 

binding at P5 and P6 through a cooperative interaction between two EutV dimers.  The 

following section describes mutations I constructed to assess the function of P3 and P4 in 

eutG expression (Figures 4.9 and 4.10).   

 

As shown in Figure 5.9, the first mutation I constructed was a complete deletion of the P3 

and P4 regions.  The model predicts that in the absence of P3 and P4, EutV will not bind 

to the region and result in loss of the cooperative interaction that brings EutV to P5 and 

P6.  This will lead to reduced antitermination complex formation at the eutG terminator 

and therefore less eutG expression.  The second mutant changed the pairing bases to non-

pairing bases in both P3 and P4 stems simultaneously.  In this situation it is predicted that 

EutV cannot form a complex with the P3 and P4 stem loops and again would result in 

reduced expression of eutG due to the antiterminator complex not forming.  The third 

mutation substituted the AXXG motif in both P3 and P4 loops simultaneously.  P3 was 

changed from AAUG to UUAA and P4 was changed from AAUG to UUAU.  It is  
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Figure 5.9  Schematic representation of P3 and P4 mutants.  A.  Wild-type P3 and P4 

sequence.  B.  Deletion of P3 and P4.  C.  Mutation of P3 and P4 AXXG motifs.  D.  

Mutation of pairing bases in the stem of P3 and P4.  
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Figure 5.9 
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Figure 5.10  qRT-PCR of eutG in P3 and P4 mutants.  In a deletion of P3 and P4 (red) 

eutG is uninducible.  eutG expression resembled wild-type patterns in AXXG mutants 

and stem disruption mutants. Error bars indicate standard deviation. 
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Figure 5.10 
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predicted that the changes will lead to reduced eutG expression because of loss of EutV 

binding that leads to loss of a cooperative interaction that brings EutV to P5 and P6 the 

antitermination complex.   This is supported by my previous data showing that in the P5 

and P6 mutant, changing the AXXG motif led to little expression of eutG.  I tested these 

mutants as previously described for eutG expression (Figure 5.10).  The second P3/P4 

region mutation, which disrupts binding interactions within the stem, had an expression 

profile that resembled wild-type in that low expression was seen in non-inducing 

conditions and a 20-fold increase in expression occurred in inducing conditions. This 

result is in contrast to our model of expression, which predicts that eutG induced 

expression would be reduced because of a cooperative interaction.  

 

The third mutation, which changes the ANTAR substrate binding sequences AXXG 

motifs, also failed to produce a phenotype different from wild-type.  In this mutant, eutG 

was expressed at a low level in non-inducing conditions and was expressed about 20-fold 

higher in inducing conditions.  These results suggest that P3 and P4 are not needed for 

eutG expression.   

 

The first mutation deleted the entire region containing P3 and P4.  My initial prediction 

was that eutG expression would be reduced due to a loss of a cooperative interaction 

between EutV at P3 and P4 and EutV at P5 and P6.  As a result the antitermination 

complex would not form as efficiently.  As I showed with the stem mutant and the 

AXXG mutant, mutation of the P3 and P4 did not lead to a loss of expression of eutG in 

inducing conditions.  Initially, I predicted that a deletion of P3 and P4 would result in 
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reduced eutG expression due to the loss of a cooperative interaction promoting EutV 

binding to P5 and P6.  In light of the data from the P3 and P4 AXXG mutant and stem 

mutant, I predict that the deletion will function like wild-type because the P3 and P4 

sequence seems to not be required for eutG expression.   

However, in the P3 and P4 deletion mutant, eutG expression in inducing conditions was 

the same as in non-inducing conditions.  eutG expression was not induced upon the 

addition of AdoCBL and ethanolamine.  In light of the results of mutant 2 and 3, this 

result suggests that this part of the RNA is important for function, even if the more 

detailed mutations do not fit with our initial hypothesis.  Alternatively, the deletion could 

cause a deleterious change in the overall secondary structure of the 5’UTR or affect its 

stability.  Further mutants will need to be generated and tested to understand the role (if 

any) of this part of the 5’UTR. 

 

Deletion of the eut riboswitch 

The final mutant I made was to test the modified eutG ANTAR hypothesis was a deletion 

of the riboswitch.  The riboswitch incorporates the signal from AdoCBL into the system.  

We hypothesize that both the EutV interactions and the AdoCBL riboswitch influence the 

stability of the terminator.  In previous experiments, AdoCBL and ethanolamine 

synergistically activate eutG expression.  Therefore, integration of both signals is needed 

for antitermination to occur.  I predict that without the riboswitch present, antitermination 

will not occur properly and induction of eutG will not be seen. 
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Figure 5.11  Schematic of riboswitch deletion.  The top panel shows the wild-type 

locus.  The bottom panel shows the eut riboswitch deletion locus.
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Figure 5.11 
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Figure 5.12  qRT-PCR of eutG in riboswitch deletion.  The deletion of the riboswitch 

renders eutG uninducible in all conditions tested. Error bars indicate standard deviation. 
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Figure 5.12 



 

114 

The riboswitch deletion construct eliminated 145 bases from the UTR of eutG (Figure 

5.11).  qRT-PCR of eutG in this mutant showed that expression of eutG in the riboswitch 

deletion was non-inducible (Figure 5.12).  The lack of eutG expression in this mutant is 

most likely due to the fact that the functional riboswitch is needed for antitermination. 

 

Discussion 

My model of regulation at eutG predicts that a dimer of EutV interacts with P3 and P4, 

then recruits a second dimer of EutV to P5 and P6 through a cooperative interaction.  P5 

and P6 interaction with EutV creates the antitermination complex, and the transcriptional 

terminator is not formed.  Also, this antitermination depends on AdoCBL interacting with 

the riboswitch resulting in antitermination.   

 

My data confirm that the P5 and P6 stem loops and conserved AXXG motifs are 

necessary for expression of eutG.  However, mutation of the putative P3 and P4 loops 

have no effect on eutG expression and suggest that these predicted structures are not 

valid.  But importantly, complete elimination of this region of RNA prevents induction, 

suggesting that this part of the RNA is doing something that is important for the overall 

functionality of this 5’ UTR. 

 

The first experiments in this study examined the function of a transcriptional terminator 

in the 5’UTR of eutG.  These experiments showed that mutation and deletion of this 

terminator led to expression of eutG in normally non-inducing conditions.  However, a 

slight induction was still present.  One potential explanation is that multiple promoters 
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are responsible for the total expression of eutG was measured.  A promoter was mapped 

upstream of eutP that may transcribe all the way down to the eutG coding region and 

beyond.  A second promoter was mapped to the eutG 5’UTR.  In non-inducing conditions 

the upstream terminator will remain intact and function normally.  Therefore transcription 

was terminated upstream of eutP and little to no transcription proceeded to eutG.  

However, transcription starting from a second promoter that is normally terminated at 

eutG was not terminated in the mutant, leading to the expression seen in these 

experiments.  This led to the interesting hypothesis that expression seen from eutG in 

inducing conditions is the additive effect of transcription from two promoters. 

 

My experimental results indicate that the P5 and P6 putative stem loop are required for 

expression of eutG while P4 and P3 are not required for expression and may not exist as 

predicted.  In accordance with our initial model of ANTAR regulation, a dimer of EutV 

potentially binds to the small stem loops formed by P5 and P6 at the AXXG motif.  This 

action would theoretically lock in an antiterminator structure preventing the formation of 

the transcriptional terminator in the nascent RNA.  In opposition to the model, these data 

showed that this interaction is not dependent on, or augmented by, EutV binding to the 

possible P3 and P4 loops.  The experiments on P5 and P6 are the second example of 

functional studies on the eut ANTAR substrates and support Dr. DebRoy’s work on the 

P1 and P2 stem loops of eutP.  Overall, my data provide support for our model on how 

ANTARs promote antitermination as described in Figure 5.3. 
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My experiments with directed mutation of P3 and P4 oppose the idea that the P3 and P4 

stem loops lead to a cooperative interaction between a second dimer of EutV at P5 and 

P6.  This indicates that P5 and P6 are independent of the putative P3 and P4 loops.  The 

data from the mutant containing the deletion of P3 and P4 showed that the sequence was 

important for the expression of eutG but probably not in the manner we originally 

predicted.  The overall RNA secondary structure of the UTR may be important for proper 

function.  A large deletion, such as the one I generated to cover the putative P3 and P4 

stem loops, could also prevent another important interaction from occurring because the 

RNA is not the proper length.   

 

My final experiment showed that in a riboswitch deletion strain expression of eutG was 

not inducible.  This is in agreement with the model that both the riboswitch and the two-

component system control the stability of the terminator.  The two structures are both 

required to cause antitermination and without either structure, the system in not inducible.  

 

These data showed that eutG was unresponsive to AdoCBL in a mutant with deletion of 

the riboswitch and suggest that the riboswitch is likely the only input for AdoCBL 

sensing in the system. C. difficile contains a eut locus.  However, an AdoCBL riboswitch 

is not found in this organism.  Therefore an additional mechanism may be in place in 

these organisms to sense AdoCBL.  If another input for AdoCBL existed, expression of 

eut locus genes may still be responsive to AdoCBL in the absence of a riboswitch.  These 

data suggest that in E. faecalis this is not the case, and AdoCBL riboswitch is the only 

sensor of AdoCBL feeding into the eut locus.  
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Most riboswitches are found alone, controlling their downstream genes through the 

sensing of one signal (17).  There have been identified cases of tandem interactions of 

two riboswitches in the same UTR, allowing multiple signal integration (76).  The eut 

locus provides the first example of a metabolite binding riboswitch interacting with an 

RNA binding regulatory protein. This is a novel mechanism by which two different 

signals are integrated to control expression.  
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Chapter 6 

 

Discussion and future directions 
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My studies showed a complex regulatory mechanism governs expression of the eut locus 

genes in E. faecalis.  By bioinformatically analyzing the eut locus gene sequences and 

comparing them to other species, I discovered the presence of unique regulators in E. 

faecalis.  These regulators are an AdoCBL riboswitch and a two-component system that 

control expression through an antitermination mechanism.  My bioinformatic analysis led 

me to the hypothesis that the two-component system is activated by ethanolamine 

resulting in the response regulator interacting with the nascent RNA to cause 

antitermination and allowing eut gene expression.  Testing this hypothesis, I discovered 

that increased expression of four eut locus genes, eutP, eutG, eutS, and eutA was 

dependent upon AdoCBL, ethanolamine, and EutVW.  Surprisingly, the total transcript 

levels of each of the genes varied significantly compared to one another, suggesting a 

previously unknown regulatory mechanism to control eut gene expression.  My 5’ RACE 

analysis showed that putative transcriptional start site exists upstream of eutG, eutS, and 

eutP and could account for the differences in expression. 

 

These results led to a model to explain the mechanism by which the AdoCBL riboswitch 

and EutV cause antitermination of eutG.  In this model, a dimer of EutV interacts with P3 

and P4.  Upon this interaction, EutV recruits a second dimer of EutV to P5 and P6 

through a cooperative interaction.  Interaction of P5 and P6 with EutV creates the 

antitermination complex, and the transcriptional terminator is not formed.  In addition, 

our model predicts that antitermination also depends upon AdoCBL interaction with the 

riboswitch.  In testing this model, I determined that P5 and P6 stem loops played a 

necessary role in eutG antitermination.  My data also showed that formation of P3 and P4 
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stem loops were not necessary for antitermination.  However, deletion of the sequence 

rendered eutG non-inducible.  Finally, I showed that the eut riboswitch was necessary for 

antitermination of eutG.  These results revealed a novel antitermination mechanism in 

which eutG terminator stability is controlled by the riboswitch and the two-component 

system acting through the P5 and P6 stem loops.  All together, my data uncovered a novel 

regulatory mechanism that regulates eut locus expression and ethanolamine metabolism. 

 

Identification of two posttranscriptional regulatory features by bioinformatics 

The results of my bioinformatic study uncovered two potential new regulators of eut 

locus gene expression, the eut AdoCBL riboswitch and the EutVW two-component 

system.  In addition, my analysis identified a novel class of AdoCBL riboswitches.  

Secondly, I discovered that eut gene regulation in E. faecalis employs a two-component 

system with an RNA-binding response regulator.  The RNA binding domain belongs to 

the ANTAR family of proteins, which function as antiterminators.  Together, the 

potential concerted regulation by a two-component system and a riboswitch has never 

been described in the literature.  My additional bioinformatic studies identified a 

conserved sequence in the 5’UTR of many genes that are substrates of ANTAR 

regulators.  Further studies predicting the structure of this RNA found that two hairpins 

may form in this region and may potentially interact with dimerized EutV.  This sequence 

is the predicted ANTAR substrate domain.  

Future work expanding on this bioinformatic analysis to identify new ANTAR regulatory 

proteins and ANTAR RNA substrate domains in other microbes would be important to 

determine the degree that this new mechanism of regulation is conserved.  A 
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bioinformatic search for ANTAR domain proteins was carried out previously (73).  

However, this study was performed in 2002 and many new bacterial genome sequences 

have been published since.  Therefore, an updated search may reveal new examples of 

proteins with ANTAR domains.  

 

Differential expression of eut locus genes 

Using data from my bioinformatic analysis, I hypothesized that eut locus genes were 

positively regulated by ethanolamine and AdoCBL.  Using qRT-PCR to test the 

expression of several eut locus genes, I confirmed this hypothesis.  I showed that in the 

presence of both of these compounds expression of eutP, eutG, eutS, and eutA are 

increased.  Interestingly, these data also showed differential total transcript levels for 

eutP, eutG, eutS, and eutA.   The total expression levels of the genes tested varied by 

several fold.  The 5’UTR of each of these genes contained a putative promoter followed 

by a transcriptional terminator.   We now have evidence that supports the presence of 

active promoters in front of eutP, eutG and eutS, but not eutA.  The presence of these 

three promoters combined with the variation in transcript levels in each gene suggests 

that a number of transcripts might be produced within the eut locus.  

 

It is possible that differences in the initiation of transcription and the antitermination 

efficiency will vary at each promoter/terminator pair.  There are sequence differences 

within the promoters.  Interestingly, the eutS promoter contains a match to the consensus 

Gram-positive promoter.  The closer a promoter sequence is to the consensus, the more 

efficiently it operates (12).  This may explain why eutS transcripts levels are much higher 
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than the other eut locus genes tested.  It will be interesting in the future to determine the 

number of transcripts present in the eut locus as well as the efficiency of transcription 

initiation from each eut locus promoter.  To examine if the difference in trancript levels 

for each gene is due to promoter strength, a LacZ fusion could be made to each promoter 

individually. The LacZ fusions should be made to include just the promoter region, not 

any of the other potential regulatory features in the leader RNA. Then activity of each 

promoter could be examined using β-galactosidase assays.   Any difference in expression 

in these assays could then be attributed to the strength of the promoter.  

 

Efficiency of antitermination may also explain the differences in total transcript levels 

between eut locus genes.  In future studies, it would be interesting to determine the 

changes in efficiency of antitermination in order to understand the transcription 

differences.  Using an in vitro approach would allow the affinity of the interaction 

between EutV and the substrate RNA to be determined.  In addition, such an in vitro 

approach would also lend insight into the rate of antitermination.  

 

Potential positive feedback loop governs expression of eut regulators 

An interesting finding in my studies of eut gene expression was that the basal level of 

eutS expression was substantially higher compared to the other genes examined.  In 

addition, total eutS transcript levels were highest in induced conditions and this induction 

was dependent on EutVW.  eutS is hypothesized to be transcribed on the same transcript 

as the two-component system genes eutV and eutW.  Since EutVW was required to 

induce expression of the transcript containing eutS, eutV, and eutW, this suggests that 
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EutVW regulates its own expression through a positive feedback loop.  In addition, 

AdoCBL was also required for the increased eutS expression suggesting it also feeds into 

the loop regulating expression of eutVW.  A potential model for this feedback loop is as 

follows.  First, ethanolamine causes activation of the EutV through EutW.  Both activated 

EutV and the presence AdoCBL result in antitermination of eutG and eutS.  This allows 

transcription to continue through the eutG coding region and into the eutS, V, and W 

coding regions, thus increasing the net concentration of EutVW.  This leads to increased 

levels of two-component system proteins, which can then be activated, leading to more 

transcription of eutV and eutW.  In this model, transcription starts upstream of eutG 

explaining why AdoCBL was necessary for positive feedback of EutVW to occur.  

Interestingly, EutR, the regulator of eut locus expression in S. typhimurium, is also 

hypothesized to be regulated by a positive feedback loop (67).  The caveat to this model 

is that eutV and eutW co-transcription with eutS has not been shown experimentally.  

Examining expression of eutV and eutW individually will be important test this model.  

Teasing out the molecular mechanisms necessary for this positive feedback loop will be 

an interesting future direction. 

 

Model of eutG regulation: the role of the P loops and the riboswitch  

I initially proposed a model in which antitermination of eutG occurs through two stem 

loop pairs, P3/P4 and P5/P6, and the AdoCBL riboswitch.  In this model, I hypothesized 

that a cooperative interaction occurs in which binding of a EutV dimer to P3 and P4 

promotes EutV binding to P5 and P6.  However, my data do not support this model.  

Mutations in the P5 and P6 conserved AXXG motifs abrogated induction of eutG 
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suggesting they are important for antitermination.  In contrast, P3 and P4 mutations had 

wild-type levels of eutG expression suggesting that formation of these structures is not 

required for antitermination and cooperativity does not occur.  Interestingly, the sequence 

that contains the predicted P3 and P4 stem loop structure is important for functional 

antitermination, as eutG was non-inducible in a mutant with a deletion of this entire 

region.  This result suggests that this sequence is necessary for antitermination to occur, 

but not through the cooperative interaction of P3 and P4 with EutVW.  Potentially, a 

secondary structure change necessary for antitermination is dependent on the P3 and P4 

sequence.  A large deletion of the sequence, such as the P3/P4 deletion, may prevent this 

interaction from occurring.  In such a deletion, the RNA is not the proper length.  This 

may result in changes to the RNA secondary structure and in a lack of antitermination.  

However, mutation of the P3 and P4 stem loop bases may not interfere in RNA secondary 

structure changes and antitermination persists.  Therefore, further studies are still needed 

to understand how this region of the leader RNA contributes to antitermination. 

 

Expression of eutG was partially dependent on the presence of the AdoCBL.  The 

AdoCBL signal is integrated into the system via the riboswitch.  I found that in a deletion 

of the riboswitch, there was no induction of expression of eutG indicating that the 

riboswitch is necessary for antitermination of eutG.  In addition, eutG expression was 

also dependent on EutV antitermination.  These results suggest that binding of AdoCBL 

to the riboswitch, together with EutV antitermination, is required for eutG expression.  

Binding of AdoCBL to the riboswitch may modulate the secondary structure allowing 

EutV to bind and cause antitermination.   
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A potential overall model to describe the regulation of eutG is as follows.  In non-

inducing conditions, the transcriptional terminator is formed and eutG expression is 

attenuated (Figure 6, top panel). In the presence of AdoCBL and ethanolamine, AdoCBL 

binds to riboswitch RNA.  This causes a conformational change in the riboswitch mRNA.  

This conformational change may include an interaction with the top bases in 

transcriptional terminator that promotes antitermination.  In addition, activated EutV as a 

dimer interacts with P5 and P6 to form the antitermination structure.  The combination of 

secondary structure changes in the mRNA caused by AdoCBL binding to the riboswitch 

and P5 and P6 stem loop interaction with activated EutV are needed for antitermination 

and increased expression of eutG (Figure 6, bottom panel).  The hypothesized interaction 

between the riboswitch RNA and the transcriptional terminator is supported by my 

experiment showing that in stem mutant 2, disruption of the top of the stem loop led to 

increased eutG expression with AdoCBL only.  Another piece of data supporting a 

potential long-range interaction is that deletion of P3 and P4 led to loss of expression.  

The P3 and P4 sequence may be necessary for proper folding of the mRNA to facilitate 

an interaction between the riboswitch and the terminator.    

 

mRNA stability may play a role in eut locus expression 

Control of mRNA stability by modulating susceptibility to RNA degrading enzymes may 

provide an alternate explanation for how the eut riboswitch controls the mRNA levels of 

downstream genes.  The S-adenosyl-methionine (SAM) riboswitch in Bacillus subtilis 

was shown to control mRNA stability by altering binding affinity of an endoribonuclease 

(71).   The SAM riboswitch controls expression using a termination/antitermination  
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Figure 6. Model of eutG regulation.  Top Panel: Non-inducing conditions- No 

interaction of AdoCBL or EutV with the nascent transcript and terminator formation 

occurs.  Bottom panel: Inducing conditions - The interaction of AdoCBL with the 

riboswitch and a EutV-P dimer with stem loop pair P5 and P6.  Both AdoCBL binding 

and EutV-P binding are necessary for antitermination to occurs and transcription to 

proceed through eutG.  Dashed line indicates P3 and P4 sequence which is important for 

function but it is unknown if stem loops are formed.  
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regulation strategy.  In low concentrations of SAM, the predominant mRNA species is 

the antiterminated form.  The authors showed that the antiterminated form of mRNA was 
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a poor substrate for the endonuclease, RNase Y.  As a result, transcripts remained stable.  

In high concentrations of SAM, the predominant mRNA species was the terminated form.  

This RNA was subject to cleavage by RNase Y and degradation by the exonuclease 

RNaseJ 1(71).  It will be important in the future to determine if the eut locus riboswitch 

functions via a mechanism for mRNA stability control.  E. faecalis contains an 

orthologue of RNase Y (18).  Examining in vitro susceptibility of both terminated and 

non-terminated transcripts to cleavage by the RNase Y would determine if the riboswitch 

regulates eut locus transcript stability in this manner.   

 

Alternative explanation for P3 and P4 mutagenesis experiments 

Some of my P stem loop mutagenesis results seem to argue against my predicted model.  

Deletion of P3 and P4 led to loss of induction phenotype; while the P3 and P4 stem loop 

mutants and P3 and P4 AXXG mutants had a wild-type phenotype.  The P3 and P4 

AXXG mutants contain mutations of most of the bases that are deleted in the P3 and P4 

deletion mutants.  Therefore, I expected both the deletion and point mutants to have a 

similar phenotype.  One explanation for these data is that the length of the sequence is 

important for folding and interaction, which would be shortened in the deletion mutant 

but not in the point mutants.  Alternatively, mutagenesis of the P3 and P4 stem loop may 

have led to additional mutations that were outside of the sequenced region.  Each strain 

was sequenced only through the mutated sequence and the junctions with the native 

sequence.  One way to address this possibility is through complementation analysis by re-

introducing the wild-type sequence into the strain via the same counter selection process 

used to create the strain.  Additionally, repeating the P loop experiments in several 
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independent isolates of each mutant would determine if the phenotype I observed is 

specific to a single isolate.   

 

Control of eut expression by novel posttranscriptional regulators 

It is well known that bacteria are able to integrate multiple signals to control gene 

expression.  Transcriptional regulation of genes can be controlled by multiple inputs by 

several DNA-binding transcription factors.  Riboswitches are also known to integrate 

multiple signals as some riboswitches have been found in tandem controlling expression 

of the same locus (4).  My results demonstrate a novel mechanism for integrating 

multiple signals to control expression of a single locus.  I discovered that regulation of 

expression of the eut locus required integration of signals by two distinct 

posttranscriptional regulators.  This is the first example of a riboswitch and an 

antitermination factor protein together integrating multiple environmental signals at a 

single locus to control expression of genes. 
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