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Transport Capabilities of Eleven Gram-positive Bacteria: Comparative Genomic Analyses Graciela L. Lorca†,1, Ravi D. Barabote1, Vladimir Zlotopolski, Can Tran, Brit Winnen, Rikki N. Hvorup, Aaron J. Stonestrom, Elizabeth Nguyen, Li-Wen Huang, David S. Kim, and Milton H. Saier Jr.* Division of Biological Sciences, University of California at San Diego, La Jolla, CA 92093-0116



Abstract
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The genomes of eleven Gram-positive bacteria that are important for human health and the food industry, nine low G+C lactic acid bacteria and two high G+C Gram-positive organisms, were analyzed for their complement of genes encoding transport proteins. Thirteen to eighteen percent of their genes encode transport proteins, larger percentages than observed for most other bacteria. All of these bacteria possess channel proteins, some of which probably function to relieve osmotic stress. Amino acid uptake systems predominate over sugar and peptide cation symporters, and of the sugar uptake porters, those specific for oligosaccharides and glycosides often outnumber those for free sugars. About 10% of the total transport proteins are constituents of putative multidrug efflux pumps with Major Facilitator Superfamily (MFS)-type pumps (55%) being more prevalent than ATPbinding cassette (ABC)-type pumps (33%), which, however, usually greatly outnumber all other types. An exception to this generalization is Streptococcus thermophilus with 54% of its drug efflux pumps belonging to the ABC superfamily and 23% belonging each to the Multidrug/Oligosaccharide/ Polysaccharide (MOP) superfamily and the MFS. These bacteria also display peptide efflux pumps that may function in intercellular signalling, and macromolecular efflux pumps, many of predictable specificities. Most of the bacteria analyzed have no pmf-coupled or transmembrane flow electron carriers. The one exception is Brevibacterium linens, which in addition to these carriers, also has transporters of several families not represented in the other ten bacteria examined. Comparisons with the genomes of organisms from other bacterial kingdoms revealed that lactic acid bacteria possess distinctive proportions of recognized transporter types (e.g., more porters specific for glycosides than reducing sugars). Some homologues of transporters identified had previously been identified only in Gram-negative bacteria or in eukaryotes. Our studies reveal unique characteristics of the lactic acid bacteria such as the universal presence of genes encoding mechanosensitive channels, competence systems and large numbers of sugar transporters of the phosphotransferase system. The analyses lead to important physiological predictions regarding the preferred signalling and metabolic activities of these industrially important bacteria.
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Membrane transport systems catalyze the uptake of essential nutrients, ions and metabolites, as well as the expulsion of toxic compounds, cell envelope macromolecules, secondary metabolites and the end products of metabolism. Transporters also participate in energy generation and interconversion, and they allow communication between cells and their environments. Transport is therefore essential to virtually every aspect of life. Many Gram-positive bacteria are important in the food industry (see Table 1). These bacteria are used for the fermentation of vegetables and fruits, for the conversion of dairy products into cheeses and yogurt, and for the preparation of beer and wine. A key feature of lactic acid bacteria (LABs) when grown in laboratory growth media that lack hematin and related compounds is the inability to synthesize porphyrin (e.g., heme). Consequently, LABs grown under these conditions are devoid of “true” catalase activity and cytochromes. They lack electron transfer chains and rely on fermentation (i.e., substrate level phosphorylation) for the generation of energy. However if hematin is added to the growth medium, catalase and cytochromes may be formed, in some cases resulting in respiration [1–3].
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Some LABs are both useful and harmful. For example, Lactobacillus brevis promotes both the preparation and the spoilage of beer [4]. Other Gram-positive bacteria, such as Lactobacillus casei, Lactibacillus gasseri, Lactobacillus acidophilus, and Bifidobacterium longum, in addition to being useful in the food industry, are natural inhabitants of the human gastrointestinal (GI) tract where they synthesize probiotic-like substances. These compounds stimulate the immune system, provide key nutrients and promote the development of a healthy organism [5]. The Lactic Acid Bacterial Genomics Consortium has recently carried out genome sequencing of eleven Gram-positive bacterial species [6–9]. The initial shotgun sequencing was conducted at the Joint Genome Institute in Walnut Creek, CA, and genome closure was achieved subsequently [9]. Nine of the sequenced bacteria are low G+C Gram-positive lactic acid bacteria (LABs) (Pediococcus pentosaceus, Lactobacillus brevis, L. casei, L. delbruekii, L. gasseri, Lactococcus lactis, subspecies cremoris, Streptococcus thermophilus, Leuconostoc mesenteroides and Oenococcus oeni) while two of them (Bifidobacterium longum and Brevibacterium linens) are high G+C Gram-positive bacteria. These bacteria exhibit considerable diversity with respect to their ecological habitats, being found in milk, meat, plants, the GI tracts of humans and other animals, and elsewhere (see Table 1). They also differ with respect to their carbohydrate metabolic pathways (Table 2). Little is known about the transport capabilities of these important organisms.
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In this review we report comprehensive analyses of the transport capabilities encoded within the eleven Gram-positive bacterial genomes noted above. Identification of all homologues of recognized transport proteins included in the transporter classification database (TCDB) [6, 7] and topological prediction were achieved using established methods [10]. The identified transporters were grouped according to topology, class, and function. The most important conclusions are summarized in this report.



2. Computer Methods Genomes of the eleven Gram-positive bacteria were screened for homologues of all proteins contained in TCDB, a membrane transport protein classification database (http://tcdb.ucsd.edu) [6,11]. FASTA-formatted protein sequences of the completed genomes were used. Each putative open reading frame was used as a query in the BLAST software [12,13] to search for homologues of proteins in the TCDB sequence library. In addition, each
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ORF was scanned with HMMTOP [14] to predict the number of putative transmembrane segments as reported in Table 3.
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All of the potential transport proteins thus identified were subsequently examined in greater detail. Each transport protein identified was classified on the basis of sequence similarity into families and subfamilies of homologous transporters based on the classification system presented in TCDB. Each family/subfamily was noted with its standard abbreviation, its TC number and its typical substrates. The substrate specificities of particular homologues identified in the sequenced genomes have been predicted based on homology to functionally characterized genes and from their genomic context (see Table 1). Assignment to a family or subfamily within the Transporter Classification System usually allows specification of substrate type with high confidence [6,7,11]. The genome sequencing projects are described in Klaenhammer et al. [8] and Makarova et al. [9]. Phylogenetic trees (Neighbor joining) were based on multiple alignments generated with the Clustal X program [15] and drawn using the TreeView program [16].
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Some readers may be interested in greater detail than provided in this paper regarding the identified transporters and the families/superfamilies to which they belong. These readers are advised to read this paper with the Transporter Classification Database (TCDB) at hand. The specificities, polarities of transport, mechanisms of transport, and transport protein and family descriptions are provided in detail therein. Novel substrates are continually being discovered for many transporters, especially drug exporters, some of which function physiologically in the absence of drugs. Moreover, some transport systems, initially characterized as narrow specificity systems, prove to exhibit broad specificities when examined in greater detail. When such substrates are known, they can be identified by searching TCDB, a database which is continually being updated as new experimental data become available. Table 5 provides a helpful guide as to where in TCDB to look for specific information. Because of the continual updating of TCDB, the interested reader who uses TCDB in conjunction with this paper will be up to date for years to come. Thousands of published papers have described the functional characterization of transport systems and their constituent proteins. Several thousand such references can be found in TCDB. It is not possible to include them all in a review such as this one. We apologize to any researcher whose work we have mentioned without providing the reference(s) to the experimental work.



3. Genome Statistics
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Between 89 and 95% of all predicted transport proteins for the various genomes had significant matches (e-values 

 Lihat lebih banyak...
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