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ABSTRACT OF THE THESIS 
 
 

A Bioinformatic Analysis of the Alp8 Family 
 
 

 
 

by 
 
 
 

Jesse Meredith Wooton 
 
 

Master of Science Degree in Biology 
 

University of California, San Diego, 2009 
 

Professor Joseph Pogliano, Chair 
 

The majority of bacterial actins reside on mobile genetic elements. As of yet, the 

only known function of any of these genes is plasmid partitioning, and it has been 

assumed that all plasmid borne actins participate in this process. In this project, I conduct 

a bioinformatic analysis of one such actin family—the Alp8 family—and suggest an 

entirely new function. Based on an analysis of their genetic context and their conserved 

conjugative apparatuses with which they appear to have evolved in parallel, I suggest that 

the Alp8 family may play a novel role in conjugation.  
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CHAPTER 1: INTRODUCTION 

Members of the actin superfamily are known to participate in a myriad of 

functions that range from hexokinase activity to participating in the cell cycle. Until a 

little over a decade ago, actins were thought to be exclusively eukaryotic, as prokaryotic 

actins share a scant 15% conserved sequence identity(39). However the content of that 

sequence conservation includes a common core architecture spread over five regions that 

together form an ATP binding site: two phosphate binding sites, an adenosine binding 

site, and two connection sites that join the alpha helices of the two halves of the molecule 

(6) (Fig. 3). The discovery of this conserved backbone has enabled the subsequent 

discovery of numerous families of prokaryotic actins (13) (Fig. 1). 

Six families of actin have been previously characterized (9, 39). MreB is 

chromosomally encoded and is involved in controlling the shape of rod shaped cells (26, 

43). MreB forms helical polymers underneath the cell membrane, although exactly how it 

influences peptidoglycan structure is unknown (9-11).  FtsA is also chromosomally 

encoded and is involved in cell division (34).  FtsA-GFP fusions localize to the site of 

septum formation (21).  MamK is encoded on an island of genes involved in 

magnetosome formation in magnetotactic bacteria (27, 40).

Three families of actin have been characterized on plasmids in bacteria, ParM, 

AlfA, and Alp7A.  ParM is encoded by E.coli plasmid R1 and is responsible for its 

efficient segregation (25).  ParM assembles polymers in between two plasmids (19, 35).  

Elongation of the ParM filament by the addition of new subunits to the ends pushes 

plasmids apart (18).  Filaments of ParM attach to the plasmid via a small DNA binding 
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protein that recognizes a series of binding sites in a small centromere-like region of DNA 

(36). One of the most intriguing features of ParM is its ability to display dynamic 

instability in which filaments are constantly assembling and disassembling in the cell 

(17).  This feature allows ParM filaments search space and provides a built in mechanism 

for them to fall apart after the segregation reaction is over.  AlfA and Alp7A, two other 

plasmid segregation systems that operate in Bacillus subtilis, also assemble polymers and 

rely upon a small DNA binding protein and a centromere like site for plasmid segregation 

(4, 13).  Thus a key feature of plasmid segregation systems is that they always have these 

three components: and ATPase or GTPase, a DNA binding protein, and a centromere. 

Despite the fact that it has been over a decade since the discovery of the first 

prokaryotic actins, we still know very little about the roles of most Alps in microbial 

physiology. Most prokaryotic actins are found on some sort of mobile genetic element 

(13), and because the only known function assigned has been that of plasmid partitioning, 

it has been assumed that this is the role of all plasmid borne actins (5). One reason many 

members of the bacterial actin family have gone unexamined is because they are so 

divergent in sequence. Recently, an actin family tree of over 40 prokaryotic actin families 

was assembled element (13), based on 30% identity conservation (Fig.1). Functions for 

the vast majority of bacterial actins have not been determined and it is currently unclear 

how many different cellular functions require an actin in bacteria. In this project, I 

suggest that one family of this tree is involved in an entirely new function; plasmid 

conjugation. 

Alp8A, a member of the Alp8 family, is found on large conjugative plasmid Rts1 

(38).  As part of a previous study, an Alp8A-GFP fusion protein was constructed and 
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expressed in E.coli.  When Alp8A-GFP is expressed by itself in E.coli, it produces 

filaments, demonstrating that Alp8A is a cytoskeletal protein.  In time-lapse microscopy 

experiments, these filaments appear to be completely static, that is, they do not under 

cycles of polymerization and depolymerization like ParM or Alp7A. 

In contrast, when, the Alp8A-GFP fusion is expressed in the presence of the Rts1 

plasmid, the fusion protein is highly dynamic.  This suggests that Alp8A-GFP interacts 

with other components on the plasmid. 
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Figure 1: A phylogenetic tree showing that there are many highly divergent 
families of actin like proteins (Alps) in bacteria (4). 
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Figure 2: Structure of three members of the actin superfamily: Actin, MreB and ParM 
(44). 
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Figure 3: Actin skeletal structure showing the five conserved regions of the ATP binding 

pocket (Adapted from (6)). 
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Figure 4:  Neighbor-joining tree showing the Alp8 family among other actin families. 
 

 

 

The Alp8A gene is situated in a genetic context different than that of other known 

plasmid borne actins: it occurs just downstream of oriT—the conjugation start site—and 

upstream of genes known to be involved in conjugation. In contrast, actins involved in 

plasmid segregation always have a small DNA binding encoded downstream. They also 
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typically occur near an origin of replication on the plasmid (6). These observations 

prompted the hypothesis that Alp8A—and possibly the entire associated Alp8 group—

may be involved in plasmid conjugation.  

A substantial amount of information is known about plasmid conjugation (16). 

Though there is a plethora of variation in the process, it is thought that all Gram negative 

plasmid conjugation follows a basic set of steps. A sex pilus extends through a membrane 

spanning channel, contacts an unsuspecting recipient cell, and retracts such that the donor 

and recipient are in close contact (16). Upon retraction, a signal is sent to other 

conjugation genes to begin the process of plasmid DNA transfer, which involves 

unwinding the double stranded DNA, bringing it to the mating channel and transferring it 

into the cytoplasm of the recipient cell (16, 29). A conjugative apparatus incorporates all 

genes necessary for conjugation and an apparatus can vary greatly from plasmid to 

plasmid. 

In this analysis, I provide various pieces of evidence that are consistent with the 

hypothesis that Alp8 is involved in conjugation. In addition to experimental data that 

suggests that the Alp8A gene is required for efficient plasmid conjugation, I conduct a 

complete bioinformatic analysis of Alp8 family which suggests that not only does Alp8 

consistently appear with a conserved unique set of conjugation genes, but has also 

appeared to have evolved in parallel with them.  
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CHAPTER 2: ANALYSIS OF THE ALP8 PROTEIN 

 Starting with the protein sequence for Alp8A gene I did a series of PSI-BLASTS 

to compile a comprehensive list of Alp8 family members, as to include any genes that 

have been recently added to protein databases that may have not been included in the 

original tree. All family members have the conserved actin domains, are at least 30% 

identical to each other. Their percent identity range varied from 30% to 100% within the 

group (most were in the 30-40% range) (Table 1).  Interestingly, all group members are 

found in some sort of conjugative mobile element: plasmids or integrating conjugative 

elements. Also known as ICEs, these latter elements are chromosome dependent genetic 

segments that contain means of chromosome insertion, excision, and an entire 

conjugative apparatus which they use to spread to different bacterial chromosomes (7, 

16).  

 The next step was to see if there were one or more regions of the proteins’ 

sequence that may be unique to the Alp8 group. Some protein families may have one or 

more defining motifs, and identifying the presence of such motifs can be used to identify 

more family members.. In order to see if there were any conserved portions unique to the 

Alp8 group, I made an alignment that included the seven most diverse Alp8 family 

members, members of the most closely related family (Alp34), and members of various 

other Alp family groups (Fig. 5). The alignment was made using MAFFT protein 

sequence alignment, and was subsequently visualized in the program Jalview (Clamp et 

al.). A conserved R-E-L-H motif was found among all seven Alp8 genes, and in none of 

the other Alp genes in the alignment. The five known conserved domains were aligned to 

ensure that this region is truly unique, and not just seemingly absent in the other groups 
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due to a poor alignment. A larger alignment incorporating all 15 members of the Alp8 

family shows that the R-E-L-H motif is indeed found among the entire group (not 

shown). 

 The conserved four amino acids appear about one hundred amino acids into each 

protein’s sequence, and falls between the first phosphate binding motif and the first 

connection site. To visualize where this fell in a fully assembled actin protein, I 

highlighted the area of where the four amino acid stretch would be on a 3D model of 

ParM. This was done using Visual Molecular Dynamics (VMD) protein visualization 

software (24)  using a ParM molecule from the RSCB Protein Data Bank 

(10.2210/pdb2zgz/pdb) (Fig. 6). The conserved motif in the Alp8 family appears to be 

exposed, as shown in its representation in Figure 7.  

 

 

 

 
 

 

 

 

 

10 



                     

 

 

 

 
Figure 5: Conserved motifs in Alp8A a: Alp8 conserved domains.  
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Figure 6: 3D actin with highlighted Alp8 motif. Phosphate binding domains are in 
yellow, connecting sites are in red, and R-E-L-H motif is in pink. 
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Figure 7: 3D representations showing the conserved motif is exposed.  
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Figure 7: Continued 
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CHAPTER 3: VICINAL ANALYSIS OF ALP8 GENE 

Since it was the genetic context that prompted the conjugative hypothesis, I 

wanted to examine that aspect of each member of the Alp8 family. I conducted a series of 

PSI-BLASTs to characterize proteins encoded within the neighboring operons of each 

Alp8 family member. This allowed me to see what proteins, if any, were consistently 

conserved within the vicinity of Alp8.  

Since the oriT region adjacent to Alp8A partially prompted the hypotheses that it 

Alp8 is involved in conjugation, I looked into whether or not oriT was nearby the rest of 

the Alp8 homologues. The oriT region is the site at which transfer of plasmid DNA is 

initiated. After the retraction of the mating pilus, several conjugative proteins bind to a 

nucleotide stretch called the oriT site to form the relaxosome. The relaxosome serves to: 

bind to, nick, and unwind the plasmid DNA to eventually (via a coupling protein) transfer 

it to the pore of the mating apparatus  (16, 22). To my knowledge, other than the Rts1 the 

only other oriT of the Alp8 group that has been experimentally determined is that of the 

SXT/R391 family of ICEs group (which include all of the ICEs in this study) (12). The 

pCAR1 plasmid’s oriT was identified not by experimentation, but by conserved oriT 

characteristics as well as homology to that of Rts1 (32). In each of these examples, the 

oriT was found to be just downstream of the Alp8 gene. While it is unclear whether or 

not an oriT region is present adjacent to each Alp8 gene in each member of the group, the 

fact that it is in all of the ICEs and in two of the plasmids suggests that this may be the 

case in more family members.  

Though being adjacent to oriT is far from a definitive implication in conjugation, 

it certainly is consistent with the hypothesis.  In the prototype conjugative systems, oriT 
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is situated among other genes involved in conjugation; specifically, genes involved in the 

plasmid DNA transfer (28).  It is therefore reasonable to suggest that where oriT is found, 

conjugative genes are nearby.  

The next step was to analyze the greater vicinal genetic context of each Alp8 gene 

to see if there were any genes that consistently appeared with the Alp8 genes. A series of 

PSI-BLASTS were performed on each of the genes in the vicinity of each Alp8 gene. The 

percent identities conserved among homologues in the group were recorded, as were any 

relevant gene annotations given by the NCBI database (Table 1). Much of the gene 

content and order was conserved throughout the entire group (Fig. 8). As the Alp8 genes 

are closely related homologues, it should be no surprise that their vicinities retain 

similarities as well. However, variation was definitely seen in parts of the operon and 

some genes were entirely absent or very much changed in different groups. For instance, 

the Alp8 genes on the pCAR1, Rts1 and Citrobacter plasmids had at least two genes 

nearby that had very little to no homology with anything else among the group. Yet 

despite this, there appeared to be some genes that were present and conserved in terms of 

content and order. These genes also happen to be associated with conjugation in some 

way.  

First, I looked at whether or not the three conjugative genes that were present in 

the Rts1 plasmid near the Alp8A gene were present in the other conjugative elements 

containing Alp8. These genes were annotated by the NCBI database as TraF, TraH and 

TraG. TraN was found just downstream of two of the group members (Rts1 and 

Citrobacter), but was found elsewhere in the other group members. It should be 

mentioned that while homologous in both sequence content and gene order, these three 
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genes, while present adjacent to the Alp8 operon in each plasmid were located some 

distance away from the Alp8 gene in the ICEs.  

A gene identified as a soluble lytic transglycosylase (SLT) due to a conserved 

SLT domain was found in each group member. In the plasmid group, this gene was never 

more than one gene away from Alp8, but it was quite distant from the Alp8 gene in the 

ICE group. Though its precise function in this context is unknown, this type of lytic 

transglycosylase is known to function in various aspects of type IV secretion systems 

mechanisms, and an SLT gene has been associated with the F plasmid conjugative 

apparatus (29, 41).  

There was also a conserved gene annotated as FlhC, which is a transcriptional 

activator (3, 30). Again, always found in the proximity of Alp8 in the plasmids, and 

distant in the ICEs. In all the ICEs, as well as in six of the plasmids, the FlhC gene was 

found with its partner in upregulation, FlhD. However, unlike FlhC, FlhD never appears 

alone. Though the conjugative trio, the SLT gene and the FlhC/D pair are all found 

distant to the Alp8 gene in the ICEs, they are found in close proximity to each other (Fig. 

8).  

There were also genes conserved among the ICEs that were either absent in the 

plasmids or found very far away from the Alp8 gene—notably, the UmuC/D DNA repair 

genes, and a phage-like repressor gene (annotated by NCBI as an NLP) (1). Studies of a 

prototype ICE, the SXT element, explain the relevance of this grouping. ICEs are 

prompted to conjugate upon sensing cell stress. During cell stress, DNA repair genes like 

UmuC/D are upregulated. Their upregulation results in the de-repression of the NLP gene 

that normally represses the FlhC/D duo. When NLP is removed from its repressing site, 
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the FlhC/D are free to upregulate transcription of conjugation genes (2). Interestingly, the 

core set of genes required in this process (UmuC/D, FlhC/D and NLP) are absolutely 

conserved in all ICEs, but only pieces of this gene set appear in the plasmids. 

  

 

Figure 8: Alp8 vicinal genes. a. Alp8 and nearby genes on plasmids. b. Alp8 and nearby 
genes on ICEs. 
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Figure 8: Continued 

 

Not all genes that were conserved had a known or putative function.   I found two 

genes that have conserved homology and are adjacent to Alp8A among all but one of the 

Alp8 group members. These genes, colored red and purple in Figure 8 had at least some 

homology among the plasmid groups, and 85%-100% homology in the ICE group (Table 

1).  While these genes were able to escape any sort of definition, their conservation 
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among the group adjacent/near the Alp8 gene, is certainly worth noting. The FlhD and 

NLP found in the plasmids shared significant similarity with only one of the ICEs, 

despite the fact that all of the ICEs had genes annotated as FlhD and NLP that were well 

conserved among the ICE group.  

 
Table 1: Percent identities among the Alp8 group, with respect to plasmid Rts1. The 

upper portion is the plasmids, and the lower portion is the ICEs. All % values given as 
similarity to gene on plasmid Rts1. Asterisks indicate % similarity to gene on p91278. 

The genome of RC9 is still incomplete, so any genes denoted as absent are not 
necessarily absent from the RC9 genome. 

 

 

 
 
 

 

 Rts1 pCAR pYR1 P91278 RC9 pAero Citrobacter PSL254 pYPIP pRA1 

SLT 100% 51% 41% 41%  36% 63% 41% 41% 41% 

FlhC  100%  19% 19%  21% 47%   19% 

FlhD* __ -- 100% 100% 100% 60% -- 100% 100% 95% 

H-NS* __ -- 99% 100% -- 62% -- 99% 99% 92% 

NLP __ -- 98% 100% -- 73% -- 98% 98% 92% 

Red* -- -- 96% 100% 99% -- -- 100% 100% 90% 

Purple* 26% 23% 99% 100% 99% 67% -- 100% 100% 95% 

Alp8 BLAST: 
100% 

36% 34% 34% 34% 35% 50% 34% 34% 34% 

 Shewanella B33 M010 MZO3 P.rettgeri P.mirabilis 

SLT 35% 35% 35% 35% 36% 33% 
FlhC 20% 20% -- 20% 20% 20% 

FlhD* 46% 46% -- -- -- -- 
H-NS 27% -- -- -- -- -- 
NLP 32% -- -- -- 37% 43% 
red 39% 39% 27% 27% 28% 29% 
purple 27% 26% 27% 27% -- -- 
Alp8 33% 33% 33% 34% 33% 33% 
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CHAPTER 4: BROAD PHYLOGENETIC ANALYSIS OF ALP8 ASSOCIATED 
CONJUGATION GENES 

 
I have shown that there are three conserved conjugative genes in each Alp8 group 

member, but this is only a small part of each Alp8 member’s conjugative apparatus. I 

sought to examine the rest of the genes in the conjugative apparatuses to see if they were 

also conserved. A series of PSI-BLASTS was performed in a similar manner to that of 

the vicinal gene analysis to compare the genes in each Alp8 member’s conjugative 

apparatus. As was done before, percent identities and any gene annotations were 

recorded. In addition to anything annotated as being homologous to a known conjugation 

gene, I include two genes that were well conserved and were noted by BLAST as being 

of the type IV secretion system. These genes are represented in Figure 5 as orange and 

yellow arrows. The content and order of the entire conjugative apparatuses were largely 

conserved within the entire group, with the exception of the TraA and TraN gene which 

tended to vary in locale (Fig. 9). 
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Figure 9: Alp8 conjugative apparatuses. Upper part is the plasmids, lower part the ICEs. 
This represents the most common organization of the conjugative apparatus in both the 

plasmids and the ICEs. Asterisks denote lack of locale consensus. 
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Since the Alp8 group members appeared to have very similarly 

conserved conjugative apparatuses, I investigated whether or not Alp8 is evolving in 

parallel with the apparatus. Genes that evolve in parallel are likely to be found in 

complex with each other, and this has been shown to be the case with type IV secretion 

systems (8). I compared the phylogenetic tree of the Alp8 family to that of the most 

conserved conjugation gene within the family, the protein TraG. To ensure that the co-

evolution of Alp8 and TraG is significant, I also compared its evolution with the UmuC 

genes that are present in the ICEs and some of the plasmids  (Fig.10). I superimposed 

Alp8 and TraG for effect (Fig. 11). 
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Figure 10: Alp8 gene evolution with TraG and UmuC. a. Alp8 tree (upper) compared to 
TraG tree (lower) b. Alp8 tree (upper) compared to UmuC tree (lower). 

A 
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Figure 10: Continued 

B 
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Figure 11: Alp8 and TraG trees superimposed 
 
 

The Alp8 tree and the TraG tree have very similar group placement and diverging 

branch lengths suggesting that the two genes have evolved in parallel. This is quite 

different from the evolution of Alp8 with that of UmuC, which clearly have completely 

different phylogenetic trees 
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CHAPTER 5: IN DEPTH ANALYSIS WITH CONJUGATIVE REGIONS 

In this part of the analysis, I examine whether or not Alp8 has evolved with more 

genes of the conjugation apparatus. In the previous section, I showed that the 

phylogenetic tree of Alp8 was nearly superimposable to that of TraG, and using similarly 

constructed trees, I show that this is true for all but two genes of the apparatus. Two 

things are demonstrated with this data: Alp8’s phylogenetic similarity to more than just 

one conjugation gene further supports the notion that is has co-evolved with the 

conjugation machinery, and its stark dissimilarity to only two of the thirteen genes 

suggests that it may not participate in the specific part of conjugation in which these two 

genes are implicated. In addition to this, I do a cursory quantification of how similar each 

conjugation tree is to that of the Alp8 gene. Based on more than one, one, or zero 

differences in branch arrangement between Alp8 and a conjugation gene, I construct a 

color coded diagram showing which parts of the conjugative apparatus has poor, fair, or 

good parallel evolution with the Alp8 gene (colored red, yellow and green, respectively). 

While this information does not  necessarily indicate with which part of the complex the 

Alp8 gene is interacting with-- the fact that some trees have clearly identical group 

arrangement, some have slightly different group arrangement, and two are clearly 

dissimilar, is worthwhile information to note.    

The conjugative apparatus tends to be arranged in modules, and such modules that 

travel together tend to do so because they function together. The genes TraL, E, K, B, V 

and C are found conserved in this order across many different plasmid groups including 

the prototype F plasmid apparatus. While the precise function of each of these genes has 

yet to be described, it is thought that they are all involved in assembling the mating pore; 
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the type IV-like secreting channel through which both the pilus is extended, and the 

plasmid DNA transferred.  TraK (a secretin) forms a ring structure on the periplasmic 

side of the outer membrane, and complexes with TraV (a membrane protein) and TraB. 

TraB extends into the periplasm until in reaches the inner membrane, at the base of the 

apparatus, where TraE TraL and TraC are in a complex (29, 42).  

TraE and TraC have nearly identical group placement to that of Alp8, the most 

notable differences being the slightly dissimilar P.rettgeri_TraE gene placement (Fig. 

12). TraL and TraB each have one group placed dissimilarly to that of the Alp8 tree (Fig. 

13). While the TraV tree has a very similar tree, the TraK tree has one group in a 

different place than in the Alp8 tree (Fig. 14).  
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Figure 12: Alp8, TraE and TraC trees. Alp8 tree (top), TraE tree (lower left) and 
TraC tree (lower right). TraE and TraC are highlighted in the conjugation apparatus 

cartoon (upper right) in colors that indicate similarity to Alp8 tree: Green when all groups 
have similar placement, yellow when one group differs, and red when more than two 

groups differ.  
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Figure 13: Alp8, TraL and TraB trees. 
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Figure 14: Alp8, TraK and TraV trees. 
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The next gene set examined was TraF TraG and TraH; the trio found conserved 

near the Alp8 gene in all the plasmids. Since the TraG tree was already shown (Fig. 9) it 

will not be included in this comparison, but it will be highlighted (as green) in the cartoon 

due to all the groups having similar arrangement. Again, the precise function of these 

three genes is unknown, but TraG and TraH are thought to be necessary for DNA transfer 

(42). TraF is thought to reside on the periplasmic side of the cytoplasmic memhrane and 

contains a protease thought to function in pilus maturation by cleaving propilin (23). All 

three of these proteins seem to have co-evolved with Alp8, as they all have identical 

group placement (Fig. 15).  
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Figure 15: Alp8, TraF and TraH trees. Alp8 tree (upper left), TraF tree (lower left) and 
TraH tree (lower right).  

 
  

 The next region examined was that of the relaxosome. As described earlier, the 

relaxosome is the nucleoprotein complex that forms as a result of a relaxase/helicase 

binding to and unwinding the plasmid DNA at the oriT region. A coupling protein binds 

to this, and carries the complex to the base of the mating pore. TraI is the 

relaxase/helicase, and TraD is the coupling protein. The third gene included in this part of 

the analysis is the gene I call the orange gene due to lack of homology to anything else. 

In Figure 9 it is referred to as TraJ. This is due to the locale and domain architecture of 
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the gene. The TraI and TraD of the Alp8 group is homologous to the TraI and TraD of 

prototype H plasmids. Plasmids of the IncHI group tend to have a conserved gene trio of 

TraI TraD and TraJ that has been deemed the “H-type relaxosome.” Many of the Alp8 

group members have been noted as members of this group (20). Though lacking a TraJ 

similar in sequence to that of the other H type plasmids, the locale is conserved and the 

domain architecture of a signal peptide and four transmembrane domains (one of which is 

found in the signal peptide itself) is found to the genes of both groups. However, it is 

interesting that a PSI-BLAST of an Alp8 “TraJ” yields database matches that are nearly 

only those of the Alp8 group (some of the more distant matches are from the Alp34 

group). Very little is known about this specific TraJ, and it is not included in the figures’ 

accompanying cartoon.  

 TraI and TraD both show branch arrangement identical to that of the Alp8 tree 

(Fig. 16). TraJ differs in one group placement, and if it were to be color-coded, it would 

be yellow (Fig. 17).  
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Figure 16: Alp8, TraI and TraD trees. 
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Figure 17: Alp8 and TraJ trees 
 
 
 The next group examined was the gene module that contains TrhF, TraW, and 

TraU. Yet again, the precise function of this trio is unknown.  The TraW gene in the Alp8 
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group appears to be a fusion of F-plasmid TraW and TrbC (at the N-terminus) (38). TrbC 

is a propilin gene, similar to TraA, another propilin gene. TrhF (also called TrbB, and 

denoted with a lowercase “b” in the cartoon) is thought to function in pilus processing in 

a manner similar to that of TraF (33). TraU has been implicated in both pilus filament 

assembly and DNA transfer (37). Each TrhF, TraW and TraU differ by one group (the 

same in each case— the pAero Tra gene) (Figures 18 and 19). 
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Figure 18: Alp8 TraW and TraU trees.  
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Figure 19: Alp8 and TrhF trees.  
 
 

 
 
 

 The next set of genes are the two that did not actually appear as a set, or any 

conserved location for that matter. TraN and TraA varied in locale in different Alp8 

group members. TraA is known to function in the F plasmid as the mating pilus; forming 

propilin subunits in the cytosol and after undergoing several maturation steps eventually 
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extend—as mature sex pilus—out of the mating pore (15). Less is known about TraN, 

which may function as a mating pore stabilizing protein on the outer membrane (29). 

 Both genes have trees in which more than one group is placed differently from 

that of Alp8: In TraA, three branches in the yellow cluster are placed in between 

Citrobacter_TraA and pCAR1_TraA—groups not seen split in any of the other trees 

(except TraN). Additionally, the pAero_TraA is adjacent to a different group than it is in 

Alp8. In TraN, the same pCAR1_TraN and Citrobacter_TraN split is seen, and the pAero 

group also has a different locale (appearing an outlier of the entire tree). These two trees 

are the most dissimilar from that of the Alp8 tree, suggesting that Alp8 may not be co-

evolving with these two genes (Fig. 20).  
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Figure 20: Alp8, TraA and TraN trees.  
 

  
   

 Though this analysis does not permit extensive commentary on what how Alp8 

interacts with the conjugation apparatus, it does provide further evidence that it has 

evolved with multiple conjugation genes. Additionally, the strong dissimilarity between 

Alp8 and TraN and TraA suggests that it is not involved in complexes with these two 

genes.  
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CHAPTER 6: WHAT THE ALP8 CONJUGATIVE APPARATUS DOES NOT HAVE 

As there exist many different conjugative apparatuses consisting of many 

different genes, it is not relevant to simply discuss all of those not seen in the Alp8 

apparatus. A more meaningful type of comparison would be with apparatuses that have 

genes closely related—and share similar gene order—to that of Alp8.  

I did a series of PSI-BLASTs to find out of what types of plasmids also encode 

the Alp8 conjugation genes. I found that the conjugative genes in the Alp8 apparatus had 

strongest similarities in terms of gene content and order to those of the F plasmid group 

(IncF) and those of the H plasmid group (IncH). Both the IncF and IncH conjugation 

apparatus have strong similiarities to each other in the mating pair formation genes, but 

differ somewhat in the DNA transfer genes. The DNA transfer genes of the Alp8 

plasmids were more similar to those of the IncH plasmids. Essentially, I examined which 

genes tend to be in these other two plasmid conjugation systems that are not present in 

the Alp8 conjugation system.  

The Alp8 apparatus has no TraQ or TraX homologue. These genes participate in 

pilus processing and maturation; TraQ cleaves the signal peptide of TraA (the propilin) 

and TraX acetylates the newly cleaved pilus (33). Both of these steps are required for 

proper pilus maturation in the F plasmid. Interestingly, this is consistent with what we 

have seen so far in terms of apparatus anomalies of the Alp8 system: they tend to be in 

genes associated with the pilus. The TraA and TraN genes were the only two genes that 

not only had poorly conserved gene order among the Alp8 group, but they were also the 

only two that did not seen to co-evolve with the Alp8 tree. This may perhaps suggest that 
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there are differences in pilus assembly, processing and or maturation in the Alp8 

conjugative apparatus.  

The DNA transfer genes of the Alp8 group are quite similar to that of the IncH 

group. TraI, TraD and the orange gene are conserved as a trio and are thought to be a 

phylogenetically relevant module (20). This module, called the “H-type relaxosome” is 

quite different from the F plasmid DNA transfer genes. While IncF plasmids do have 

TraI and TraD homologues, they also have a TraM, TraY, and TraJ (their TraJ being 

distinctly different from the TraJ of the IncH group—the TraJ of plasmid F has a quorum 

sensing function). TraY is thought to be involved in stabilizing TraI (the 

relaxase./helicase protein) to the DNA (14). The TraM gene in the IncF group is thought 

to link the relaxosome and the coupling protein, facilitating the relaxosome’s meeting 

with the mating pore (31).  

There is also an SLT region in many IncF plasmid DNA transfer regions, which 

underscores the significance of the SLT found near the Alp8 gene. Since the SLT is 

common to both plasmid groups’ DNA transfer regions, I constructed phylogenetic trees 

comparing the evolution of the Alp8 group’s SLT gene to that of Alp8 (Fig. 21).  

 

 

 

 

 

 

 

43 



                     

 

 

 

 

  

 

Figure 21: Alp8 and SLT trees 

 

44 



                     

 

 

Due to the fact that so many of the mechanistic details in plasmid conjugation are 

still unknown, it is difficult to make any definitive conclusions based on this analysis. 

However, these observations can make strong suggestions as to what questions future 

experiments can ask about Alp8 function in conjugation machinery. Additionally, this 

information can bolster the tentative conclusions made by previous parts of this analysis: 

mainly, that Alp8 has possibly evolved more closely with the DNA transfer/relaxosome 

genes than the genes involved with pilus function, and may compensate for the absence 

of some DNA transfer/relaxosome genes that are conserved in a relative’s conjugation 

apparatus. 

There are some interesting similarities between the oriT region and surrounding 

genes in the Alp8 group and the F plasmid group. It is interesting in both groups, there 

are conserved SLT genes, oriT region, and transcriptional regulator in close proximity to 

one another, (Fig. 22). It is tempting to speculate what other functions may be conserved 

in this region and if maybe Alp8 shared a function with an F plasmid gene in this region. 

As mentioned, TraM is a gene found adjacent to the oriT region in the F plasmid, and is a 

gene that is not necessarily present in all conjugative plasmids (such as in some, but not 

all, of the IncH group). This may suggest that there is some plasticity in this function, and 

that TraM for whatever reason as been lost and/or replaced in some conjugative plasmids. 

One could imagine an actin could function as a means of facilitating the joining of the 

relaxosome/coupling protein and mating pore.  
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Figure 22:  Alp8 and F plasmid operons. (upper) Segment of Alp8 genes 
surrounding the oriT region, from plasmid Rts1. (Lower) F plasmid genes surrounding 

oriT region. Green color denotes lytic transglycosylase, gray color denotes transcriptional 
activator.  
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CHAPTER 7: EXPERIMENTS TO MEASURE THE CONJUGATION 
EFFICIENCY OF Rts1 

 
In addition to the bioinformatic analysis of the Alp8 gene, I performed a set of 

mating assays that compared the conjugative ability of the Rts1 plasmid with and without 

the Alp8 gene.  These experiments were performed using a mutant variant of Rts1 

constructed by Eric Becker in which a chloramphencol acetyltransferase cassette was 

inserted into the middle of the alp8A gene.  The cat gene replaces most of the alp8A 

coding region, and likely also disrupts expression of two downstream genes as shown in 

Figure 23.   The alp8A::cat mutation does not appear to disrupt plasmid segregation:  

When tested by other members of the lab it was established that the inheritance of 

plasmid Rts1 was stable over more than thirty generations (data not shown), so that any 

decrease in plasmid presence is not due to plasmid instability.  Therefore any potential 

affect on conjugation frequency may be due to the absence of alp8A or one of the genes 

encoded downstream.   

 

 

Figure 23: Schematic of the alp8A region showing the position of the cat 
insertion mutation. 

 

To quantitatively measure the conjugative ability of Rts1, I conducted mating 

assays using three different strains.  The recipient strain in all cases (JP25) is a TetR 

derivative of the commonly used strain MC4100.  I used two different donor strains:  

JP1000 is an MC4100 derivative containing the wild type Rts1 plasmid.  EB705 is an 
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MC4100 derivative containing the mutant plasmid Rts1 alp8A::cat.  Since Rts1 naturally 

encodes kanamycin resistance and was present on both donor plasmids, KanR was used 

as selectable marker in the mating assay. 

The three strains were grown in LB until a density of O.D. ~0.35 for each culture 

was reached.  A 1 to1 ratio of donor to recipient volumes was mixed, and the mixture of 

cells was incubated for seven minutes at 30°C.  After 7 minutes, a small sample (0.1ml) 

was plated onto LB Tet Kan plates to select for cells in which the donor Rts1 plasmid 

(KanR) had transferred to the recipient strains (TetR)  (Figure 24.)  After 48 hours at 

room temperature, all colonies were counted (Table 3).  Control samples of just donor or 

recipient culture were plated to ensure that these cells would not grow. 

A total of six mating assays were performed.  During the incubation period the 

test tubes were kept rolling for five of these experiments.  For one of the experiments, the 

mixed culture was allowed to sit without agitation.  My goal was to compare the two 

incubation conditions to determine if rolling versus shaking influenced the outcome of 

the experiment.  I consistently found that donor strains containing the wild type Rts1 

plasmid generated more than 100 exconjugants than those containing Rts1 alp8A::cat 

(Table 3).   This large difference was apparent in both strains that were rolling and those 

that were allowed to remain stationary.  However, the stationary mating mixture yielded 

overall a much higher number of exconjugants for both wild type and the mutant plasmid.  

This result is consistent with the idea that shaking or vigorous agitation of liquid cultures 

can interfere with the formation of mating pairs. 
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Figure 24: Diagram of the experiment to quantitatively measure the conjugation 
frequency of Rts1 plasmids. 

 

 

I conclude from these experiments that something about the CAT insert into the 

Alp8A gene results in an over 50 fold decrease in conjugation efficiency.  This decrease 

is consistent with the hypothesis that Alp8A may have a role in conjugation.  Future 

studies will be needed to determine if the decrease in conjugation is due to the absence of 

alp8A or other genes in the operon.  Other studies showing that Alp8 is upregulated upon 

conjugation initiation also suggests that the link between the Alp8 gene and conjugation 

certainly merits more exploration.   
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One important experiment to be performed in the future is to construct and 

inframe deletion of the alp8A gene so that expression of downstream genes is not 

affected.  Then this mutation should be complemented in trans by a second wild type 

copy of the gene. This would ensure that any decrease in conjugation is due solely to a 

non-functional Alp8A gene.  Currently, I cannot rule out that the Alp8A mutation did not 

have unintended effects downstream of the Alp8A gene, and cannot say with complete 

confidence that lack of Alp8A was the lone cause of decrease in mating efficiency.  

This is not the first mating assay performed with a non-functional Alp8 gene—a 

similar assay has been performed with the s003 gene of the ICE, SXT. However, in this 

assay what was measured was not efficiency in conjugation, but whether or not the ability 

to conjugate was abolished. Thus, a decrease in conjugative efficiency would not have 

been noted. (1).  In a similar study of the SXT element examining aspects of the ICE’s 

conjugative apparatus, a Lac-Z fusion of the element’s Alp8 gene was actually used as 

the reporter gene for the conjugation assay, as it is one of the first notable genes  

upregulated during conjugation (1, 3).  
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Table 2: Mating assay results  

 

Experiment 

trial/ condition 

Donor strain 

Rts1  (KanR) 

Recipient strain (TetR) # of 

colonies 

on LB Tet 

Kan 

1.  rolling JP1000 wt JP25 >1000 

 EB705 alp8A::cat JP25 1 

2.  rolling JP1000 wt JP25 171 

 EB705 alp8A::cat JP25 3 

3.  rolling JP1000 wt JP25 141 

 EB705 alp8A::cat JP25 2 

4.  rolling JP1000 wt JP25 366 

 EB705 alp8A::cat JP25 4 

5.  rolling JP1000 wt JP25 63 

 EB705 alp8A::cat JP25 6 

6.  stationary JP1000 wt JP25 >1000 

 EB705 alp8A::cat JP25 161 

control JP1000  0 

control  JP25 0 
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CONCLUSION 

Though bioinformatic analysis alone is not sufficient to determine whether or not 

Alp8 functions as part of a group of conjugative elements’ apparatuses, this study has 

presented several pieces of evidence that supports this idea.  

An examination of the Alp8 gene itself suggested that it has an exposed four 

amino acid stretch unique to the family. Additionally, the fact that the Alp8 gee is found 

exclusively in conjugative elements; many of which by definition do not segregate, 

suggest that it does not participate in plasmid segregation. An examination of the Alp8 

vicinity reveals that it is conserved with (and in the plasmid, near) several genes 

associated with conjugation (namely, SLT and FlhC).  

An examination of the conjugation genes of the Alp8 family reveals that not only 

do they have an apparatus largely conserved in terms of both gene content and order, but 

the Alp8 gene appears to have evolved in parallel with the majority of the apparatus, and 

not other conserved genes found on the genomes. The mating assay data also suggested 

that a deletion of the Alp8A gene results in a ~52 fold decrease in conjugation efficiency.  
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