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Introduction 

The 42.4 kb integrative mobilizable element Salmonella Genomic Is-

land 1 (SGI1)  (Doublet et al., 2005) was identified in Salmonella 

Typhimurium DT104 (Threlfall, 2000). SGI1 contains 44 ORFs, 29 of 

them form the conserved backbone (Boyd et al., 2000; Mulvey et al., 

2006), and a 14 kb complex class I integron region (In104), inserted 

into the backbone carries the other 15 ORFs including 5 antibiotic re-

sistance genes (Boyd et al., 2001; Mulvey et al., 2006). SGI1 integrates 

into the 3’ end of the thdF gene and is flanked by 18 bp direct repeat 

(DR) sequences (Boyd et al., 2001). The integration and excision are 

crucial in the vertical and horizontal transfer of the island. These func-

tions are fulfilled by site-specific recombination system (Int-Xis) of 

SGI1 (Doublet et al., 2005). The integration ensures the stable vertical 

transfer of SGI1, while upon mobilization, the island is excised and its 

extrachromosomal circular form can be transferred horizontally. Exci-

sion, which is one of the basic requirements of the mobilization, is in-

duced by the increased expression of Xis encoded by SGI1 (Carraro et 

al., 2014; Kiss et al., 2015). The excised form, however, be lost, thus is 

responsible for instability of the island during its mobilization. SGI1 

can be mobilized exclusively by IncA or IncC plasmids (Douard et al., 

2010; Kiss et al., 2012; Carraro et al., 2014; Harmer et al., 2016). 

  



Aims 

Our group aims to uncover the complex molecular connections between 

SGI1 and IncC plasmids and to explore the functions of SGI1-encoded 

genes that have not yet been identified previously.  

During my doctoral studies, we set the following goals as a part of this 

project: 1) to determine all the essential conditions of the excision of 

SGI1 and the role of the IncC helper plasmids in this phenomenon, 2) to 

investigate the activities of FlhDC homolog regulators (AcaCD and 

FlhDCSGI1) identified in the SGI1-IncC system, 3) to characterize the 

predicted AcaCD-responsive promoters on SGI1, 4) to identify the fac-

tors involved in the  incompatibility of SGI1 and IncC plasmids and to 

analyse the mechanisms of destabilization of these elements by each 

other. 

Materials and Methods 

Standard DNA techniques and molecular biology procedures were car-

ried out according to Sambrook et al (Sambrook et al., 1989). 

In addition to this, the following methods were used: 

- Polymerase Chain Reaction (PCR) 

- One-step gene inactivation method 

- Conjugation assay 

- Protein expression analysis with SDS-PAGE 

- Growth curve measurement 

- β-galactosidase assay 

- Primer extension analysis 

- Plasmid stability assays 



Results and Theses 

The removal of the AcaCD binding site from Pxis of SGI1 results in the 

cessation of excision and conjugal transfer of the island.  

The FlhDC homolog AcaCD activator is essential for both the mobiliza-

tion of SGI1 and the conjugative transfer of the IncC helper plasmid.  

The acaCD deletion of IncC helper plasmid can be complemented by 

expression of AcaCD in trans.  

We have identified regulatory proteins (FlhDSGI1 and FlhCSGI1) encoded 

by SGI1, which also belong to the FlhDC family and together also in-

duce SGI1 excision.  

The FlhDCSGI1 performs similar functions to AcaCD, complements the 

acaCD deletion of an IncC helper plasmid, acts at the same AcaCD 

binding sites, however, its inducer activity on the promoters is approx. 

3-fold weaker than that of AcaCD.  

We have identified the transcription start sites of the AcaCD-responsive 

promoters on SGI1 and characterized the promoter regions. 

Examining the promoters for the position of the transcription start site 

of the S004 ORF, we have shown that S004 is translated from an inter-

nal START codon instead of the annotated one resulting in a shorter 

polipeptide, S004S. Unlike S004 protein, overexpression of S004S has 

a negative effect on bacterial growth, which supports that this shorter 

protein has some biological activity.  

The stability of IncC plasmids is decreased in the presence of SGI1. 

The stability of R55 plasmid has been tested using p15a-based vectors 

carrying different SGI1 fragments. R55 proved to be 100% stable only 



in the presence of the SGI1ΔS013-S018 mutant island. In the deleted 

region two cis-elements involved in destabilization of the plasmid have 

been identified: a direct repeat (DR) sequence present in two copies on 

SGI1 and an other element is located in the non-coding region (NCR) 

between S014 and S015. Their co-presence is required for destabiliza-

tion of the R55 plasmid.  

The S013 and S014 proteins seems also be involved in the incompati-

bility, but their exact role in this process is not yet clear. 

 

Discussion 

 

1. Conditions of SGI1 excision and mobilization 

 

Based on our results, we can state that the Int/Xis site-specific recombi-

nation system of SGI1 functions as follows: the expression of int is con-

stitutive and unaffected by the presence of the helper plasmid, while the 

helper-encoded AcaCD activator is required to induce the expression of 

xis. In the absence of the helper plasmid, the recombination is directed 

towards the integration process. This bidirectional process can be re-

versed by the AcaCD master regulator of IncA/C plasmids, which di-

rects the process towards the excision through the activation of xis ex-

pression. So, the AcaCD-responsive promoter of xis acts as a sensor for 

the entry of a helper plasmid. 

Overall, the integration of SGI1 is autonomous, while its excision can 

be considered semi-autonomous. On the one hand, the int/xis system 



integrates the IME into the chromosome (ensures the vertical transfer), 

and on the other hand, the system can time the excision of the IME to 

the appearance of the helper element, which is needed for efficient mo-

bilization (horizontal transfer), thus SGI1 applies the adequate strate-

gies for the different modes of its transfer.  

 

2. Investigation of the FlhDC homolog master regulators of the 

SGI1-IncA/C system 

 

In addition to overexpression of the FlhDC homolog master activators, 

studies of SGI1 segregation, β-galactosidase assays and complementa-

tion tests all support that the recognition sites of FlhDCSGI1 and AcaCD 

are identical, the activators have similar regulatory functions and the 

activity of FlhDCSGI1 is ca. 1/3 of AcaCD. The FlhDCSGI1 protein is also 

similar to AcaCD and both regulate conjugation genes  on SGI1 (traHG 

operon and traN) and IncA/C plasmids (tra operons)(Poulin-Laprade et 

al., 2015). The fact that excision of SGI1 cannot be detected in absence 

of the IncA/C helper-encoded AcaCD indicates that FlhDCSGI1 is a 

weaker activator. Probably, the constitutive expression of flhDCSGI1 is 

not enough to induce Xis expression and consequently the Xis-

dependent excision. However, it should be noted that the basal activity 

of flhDCSGI1 may be sufficient to regulate other genes (e. g. the traHG 

operon, or traN). 

 



3. Investigation of the incompatibility between SGI1 and IncA/C 

plasmids 

 

The results obtained by examining the ΔflhDCSGI1 mutant indicated that 

the activator has some role in destabilizing the helper (not directly, as 

overexpressed FlhDCSGI1, like AcaCD, did not induce the loss of R55 

plasmid), however, the regulator alone cannot be responsible for plas-

mid destabilization as in the presence of ΔflhDCSGI1 mutation, the plas-

mid loss was decreased only. In contrast, R55 was completely stable 

along with the SGI1ΔS013-S018 mutant, thus we had good reason to 

assume that SGI1 has further incompatibility factors.  

The deletion analysis of pJKI670 plasmid harbouring a truncated SGI1 

and directed mutations revealed that the DR sequence located in the 

promoter region of S013 ORF can be one of the cis-elements responsi-

ble for the incompatibility. Mutagenesis of DR led to the stability of 

R55 plasmid, demonstrating that this short sequence is necessary for 

incompatibility.  

The inverse repeat core of DR (TTTCACATGTGAAA) is also found in 

multiple copies on the conserved backbone of IncA/C plasmids. One of 

them can be found in the promoter region of the parAB operon, which 

encodes the partition functions. In addition, this sequence is strikingly 

similar to the consensus sequence of parS sites of chromosome segrega-

tion systems (ParABS) (TTTCACGTGAAA) (Kawalek et al., 2020).  

We have also shown that another cis-element, which is located between 

the S014 and S015 ORFs, is also involved in the incompatibility with 



R55 plasmid however, its exact position has not yet been identified, 

only narrowed to a 358 bp long DNA region. Based on our studies, it is 

clear that both cis-elements are required for the destabilization of R55, 

so the two cis-elements are functionally linked to each other somehow. 

Furthermore, the operon located between the two cis-elements, is also 

involved in but not essential for the incompatibility phenomenon.  
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