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Abstract  

The myosin cross-reactive antigen (MCRA) protein family is highly conserved 
among different bacterial species ranging from Gram-positive to Gram-negative 
bacteria. Beside their ubiquitous occurrence, knowledge on the biochemical and 
physiological function of MCRA proteins is scarce. The present work shows that 
MCRA protein from Streptococcus pyogenes M49 (SPH) and Lactobacillus 
acidophillus NCFM (LAH) are flavin adenine dinucleotide (FAD) enzymes which 
act as hydratases on (9Z) and (12Z) double bonds of C-16, C-18 non-esterified fatty 
acids. Products are 10-hydroxy and 10,13-dihydroxy fatty acids. Kinetic analysis 
suggests that FAD rather stabilizes the active conformation of the enzymes and is 
not directly involved in catalysis. Analysis of S. pyogenes M49 grown in presence 
of either oleic or linoleic acid showed that 10-hydroxy and 10,13-dihydroxy 
derivatives were the only products. No further metabolism of these hydroxy fatty 
acids was detected. Deletion of the hydratase gene caused twofold decrease in 
minimum inhibitory concentration (MIC) against oleic acid, but increased survival 
of the mutant strain in whole blood. Adherence and internalization properties to 
human keratinocytes were reduced in comparison to the wild type. These results 
indicate that the previously identified MCRA protein can be classified as a FAD 
containing double bond hydratase, within the carbon-oxygen lyase family, that 
plays a role in virulence of at least S. pyogenes M49. De novo crystal structure of 
selenomethionine substituted apo-LAH was solved by X-ray diffraction with MAD 
phasing. LAH has the highest structural homology to the family of flavin 
containing amine oxidoreductases. The structural homology assignment resulted in 
identification of four distinct homologous domains (hDs), where hD1 mediates 
FAD binding and hD2–hD4 should be responsible for a completion of the active 
site. Particularly, flexible hD4 domain may function as a lid of LAH active site. 
Despite high level of overall structure similarity between LAH and the members of 
flavin containing amine oxidoreductase family no active site residues and almost 
none of FAD binding residues are conserved. 

 



 

11 

List of Figures 

Fig.1. Pathways of CLA formation. ....................................................................... 23 
Fig.2. PAI structure and mechanism. ..................................................................... 24 
Fig.3. Fatty acid degradation in E. coli and B. subtillis. ......................................... 30 
Fig.4. Phylogenetic analysis of the MCRA protein family. .................................... 42 
Fig.5. Phylogenetic tree and multiple sequence alignment of FAD binding motif 
          of MCRA from Streptococcus, Lactobacillus and Staphylococcus species. . 43 
Fig.6. SPH purification. .......................................................................................... 44 
Fig.7. UV-Vis spectra of SPH and its supernatant after heat precipitation 
          (SPHsup), showing flavin-like absorbance. .................................................. 45 
Fig.8. Identification of FAD in SPH. ..................................................................... 46 
Fig.9. Determination of the hydroxyl group origin in 10-HOE. ............................. 48 
Fig.10. Kinetic analysis of SPH. ............................................................................ 51 
Fig.11. Kinetic analysis of LAH. ............................................................................ 52 
Fig.12. Stop-flow kinetic analysis of holo-SPH reduction by linoleic acid. ........... 53 
Fig.13. Confirmation of sph deletion knockout in S. pyogenes M49 by PCR on 
             genomic and mRNA levels. ....................................................................... 54 
Fig.14. Growth phenotypes of wild type and Δ sph strains of S. pyogenes M49 
            without or with additives. ........................................................................... 56 
Fig.15. Total ion chromatograms of GC/MS runs for identification of products 
            formed from linoleic and oleic acid upon incubation with wild type and 
            Δ sph strains of S. pyogenes M49. ............................................................. 57 
Fig.16. Minimal inhibitory concentration of oleic acid for wild type and Δ sph 
            strains of S. pyogenes M49. ....................................................................... 58 
Fig.17. Effect of fatty acids in different formulations on minimal inhibitory 
            concentration of cerulenin for wild type and Δ sph strains of S. 
            pyogenes M49. ........................................................................................... 59 
Fig.18. Blood survival and adherence to and internalization into HaCaT cells 
            of wild type and Δ sph strains of S. pyogenes M49. ................................... 60 
Fig.19. LAH overall structure and surface representation. ..................................... 61 
Fig.20. LAH domains classification. ...................................................................... 64 



 

12 

Fig.21. LAH, LAAO and PAI homologous domains organization. ....................... 65 
Fig.22. Sequence and structural conservation of FAD binding motif. .................... 67 
Fig.23. Structure based alignment of LAH, LASPO, LAAO and PAI. .................. 68 
Fig.24. Phylogenetic tree and multiple sequence alignment of FAD binding 
            motif of lactobacilli MCRAs and oxidoreductases. .................................... 71 
Fig.25. Buried and surface electrostatic potentials of LAH, LAAO and PAI 
             showing FAD binding pocket entrances (top row) and FAD binding 
             pockets (bottom row). ................................................................................ 72 
 

 

List of Tables  
 
Table 1. Substrate specificity of LAH and SPH. .................................................... 49 
Table 2. Data collection, phasing and refinement statistics. ................................... 62 
 


