




 

 

 

 

 

 

 

 

 

 

 

 

 

 

Si sufres injusticias, consuélate, porque la verdadera desgracia es cometerlas 

Pitágoras  

 

 

 

 

 

 

 

 

A mis padres, Teresa y Jose Luis 
A mi abuela Pilar 

A mi hermano David 
y a todos los que han hecho posible esta hazaña 



I 
 



II 
 

 

 

 

 

 
 
 
 
 
 

 

 

 
 

 
 

 
 
 
 
 
 
 

 
 



III 
 

 

 

 
 

 
 

 

 
 

 
 

 

 

 
 

 
 
 
 

 
 

 



IV 
 

 

 
 
 

 
 
 

 

 

 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 
 



V 
 

 
 
 
 
 
 

 
 
 

 
 
 

 
 

 

 

 



I. Abbreviations 

1 
 

 

′ ′′ ′ ′′

β β-

β



I. Abbreviations 

2 
 

β

β



I. General introduction 

3 
 

 
 

Table I.1. Disctintive traits of mollicutes (Razin et al., 1998).  



I. General introduction 

4 
 

 

 



I. General introduction 

5 
 

Table I.2. Representative properties of the Mollicutes. (Dybvig and Voelker, 1996) 
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Figure I.1. Morphology of M. genitalium. A. TEM of positive stained M. genitalium cell.B. M. gentalium cell 
observed by SEM. C. Thin sections of M. genitalium cells observed by TEM. 

A B C 
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Figure I.2. Different cytoskeletons of motile mollicutes A. S. melliferumum3D reconstruction of its cytoskeleton 
obtained by CET(Kurner et al., 2005). B.M. pneumoniae cytoskeleton 3D model obtained from CET data. Blue 
colour: adhesion complexes, white colour: cellular membrane, other colours: cytoskeleton. Notheworthy is the 
presence of an electronlucent area around the cytoskeleton(Seybert et al., 2006).. C. Cytoskeleton of M. 
mobileobserved by negative staining TEM after detergent treatment (Triton X-100) (Nakane and Miyata, 2007). 

A B C 
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Figure I.3. The terminal organelle of M. pneumoniae. A. Cartoon representation of M. pneumoniae terminal 
organelle. The cellular body is represented in purple. For clarity reasons, the name of the orthologous proteins 
in M. genitalium is depicted in this image. The image has been modified from (Miyata, 2008). MG219 homology 
is under the threshold for being considered as the same protein (see Chapter 1). B. Example of an experiment 
on localising P30—blue—and P24—yellow/green—in M. pneumoniae (Hasselbring and Krause, 2007b). Scale 
bar is 2 μm.  

A B 
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* P90 and P40 are formed by a post-translational cleavage of the polypeptide encoded by MPN142 (Layhschmitt and Herrmann, 1992).  

Table I.3. Equivalence list of ORFs and proteins of the terminal organelle of M. genitalium and M. pneumoniae.  
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Figure I.4. Structure of the cytoskeleton of M. pneumoniae. A.Negative stained electrondense cores after 
membrane removal. L indicates electronlucent areas within the segmented paired plates. O indicates 
electronopaque areas. These areas probably correlate with the segmentation observable in B. Scale bar 100 
nm. B. Different views of the Three-dimensional reconstruction of the electrondense core observed by CET. 
Note that the wheel complex is not included in this reconstruction. 

A B 
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Figure I.5. Micrographs of thinsections of M. genitalium and M. pneumoniae. A. Negative staining with 
ammonium molybdate of M. pneumoniae whole cells(Hu et al., 1987). B. Negative staining with ammonium 
molybdate of M. genitalium whole cells(Tully et al., 1983, Fedotina, 1978, Henderson and Jensen, 2006).The 
nap is pointed with a black arrow with the capital letter N. Scale bar is 100 nm.C. Immunogold labelling 
localizing P1 with a monoclonal antibody (Hu et al., 1982). D. Immunogold labelling localizing of P140 with a 
monoclonal antibody (Hu et al., 1987). Scale bar is 100 nm. 

A B 

C D 
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Figure I.6. TEM of HA- mutants of M. pneumoniae (Baseman et al., 1982b). A. Immunoferritin electron 
microscopy of class IV mutant lacking P1 protein. B. Negative staining with ammonium molybdate of M. 
pneumoniae whole cells class III (upper panel) and class I (lower panel) mutants. These mutants have WT 
levels of P1 but lack the the nap structure. 

B 

Figure I.7A. SEM of mutant strains of M. genitalium presenting abnormalities in cell morphology. A mg191 
strain. B. mg192 strain.Scalebar is 1 μm 

A B 
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Figure I.8. SEM of different strains of M. genitalium. A. Wild type G37 strain. B. ΔMG_217 mg192 strain.C. 
mg317- strain  

A B C 
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Figure I.9. SEM of mutants lacking the putative major components of the cytoskeleton. A. SEM of different 
strains of M. genitalium. A. Δmg218 strain. B. ΔMG_312 strain. Scale bar is 500 nm 

A B 
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1 More information about MG386 protein can be found in chapter III. 

Figure I.10A. Domains presenting different proteins forming the attachment organelle. A. Common domains 
present in different terminal organelle proteins the distribution of domains is conserved in M. pneumoniae and 
M. genitalium except in MG386 which does not present the third EAGR box. The EAGR boxes are small 
domains of enriched aromatic and glycine residues APR equals to acidic and proline rich domains (Balish et 
al., 2001, Cloward and Krause, 2009b). B. Consensus sequence between all the EAGR boxes of M. 
genitalium. Modified from (Wolgemuth et al., 2003, Calisto et al., 2012) 

A B 
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Figure I.11 SEM of mutants presenting mutations in the proteins of the wheel complex. A. Scanning electron 
microscopy of several mutants with alterations in proteins of the wheel complex of M. genitalium. A. ΔMG491 
strain (Garcia-Morales, L, manuscript in preparation). Scale bar is 1 μm. B. Δp1c1. Scale bar is 1 μm (Martinelli 
et al., 2015) Minute cells, asymmetric cell divisions and bipartite cells can be observed. Scale bar is 1 μm C. 
MG200- c12.  

A B C 

Figure I.12. Crystal structures of domains of terminal organelle proteins determined to date. A. MG491 central 
domain (Garcia-Morales, L, manuscript in preparation). Three alpha helixes can be observed interacting in a 
tetrameric form. B. Dimeric organization of the crystal structure of EAGR box of MG200. Two alpha helices 
and 6 beta sheets can be observed.  

A B
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2 Detailed information about MG219 can be found in chapter I. 
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Figure I.14.Centipede model for gliding 
motility. Modified from (Miyata, 2008).  

Figure I.13. Inchorm modelshypothesized for gliding motility(Henderson and Jensen, 2006).(Wolgemuth et 
al., 2003). 
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Figure I.15. Cell division in mycoplasmas with terminal organelle and gliding motility. Modified from (Balish, 
2014). A. Model of semiconservative division of the TO in M. genitalium and its relatives. In red the initial 
core: motile TO. In blue the new non-gliding TO in development B. The cell division process in mycoplasmas 
with TO. 

A 

B 
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Figure 1.1. Comparison between MG219 and MPN312. A. Operon comparison n of the crl of M. 
genitalium and M. pneumoniae. B. Sequence comparison at amino acid level. C. Secondary 
structure prediction of MG219 and MPN312. 
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Figure 1.2. SDS-PAGE of recombinant expression and purification of M219 in E.coli BL21(DE3) cell. Left panel: 
Expression at 16ºC. Right panel: Expression at 37ºC. M: molecular weight marker. Benchmark ladder (Life 
technologies), PRE: sample of the culture before induction. POST: sample of the culture after induction S: soluble 
fraction after cell lysis. I. Insoluble fraction after cell lysis. NR: non-retained sample in the HisTrap HP (GE) column. 
W: washed low-affinity proteins with 50 mM imidazole. E1, E2, E3: different elution fractions at 500 mM of imidazole. 
Fraction size is 0.5 ml. 
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Figure 1.3. Primer extension analysis of MG_219 in WT strain. Red peaks correspond to Genescan 400HD 
ROX standard while blue peaks correspond to the primer extension products. 151, 152 and 153 bp blue 
peaks lead to the identification of the putative transcription initiation sites of MG_219. 
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Figure 1.4. Schematic representation of pΔmg219 plasmid. Restriction sites used for the construction of the vector 
are highlighted in the map. 
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WT mg219 

Figure 1.5. Confirmation analyses of strain Δmg219. A. Schematics of the genome before (upper panel) and after 
(lower panel) genetic manipulation with pΔmg219 . B. Southern blot using RHR has probe with a genome digested 
with SpeI. C. Western blot using MG219 antiserum. 
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Figure 1.6. Protein levels of terminal organelle related proteins of A. Analysis of protein levels of high 
molecular weight proteins by SDS-PAGE. B. Western blot against from WT and Δmg219 strains. 
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Figure 1.7. Schematic representation of the plasmids 
harbouring a copy of MG219 coding gene used in chapter I. 
Restriction sites used for the construction of the vector are 
highlighted in the map. 
 
A. pMTnGmRmg219 .  
B. pMTnGmRmg2192nd. 
C. pMTnGmmg219Strep-tag.  
D. pMTnGmMPN312 . 
E. pMTnCmEYFP:mg219.  
F. pMTnCmEYFP:mg2192nd. 
G. pmg219:mcherry. 

A B 

C D 

E F 
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3  

Figure 1.8. Plasmids containing translational fusions of P32 with fluorescent proteins. A. pMTGmmg318:mcherry. B. 
pMTnTcmg318:EGFP. Restriction sites used for the construction of the vector are highlighted in the map. 

A B 
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Table 1.1. Different mutant strains generated in chapter I.  
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Figure 1.9. Western blot against from WT and strains generated from Δmg219. A. Western blot using 
MG219 antiserum. B. Western blot using MPN312 antiserum. 
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Figure 1.10. Epifluorescence microscopy for subcellular localization of MG219 and P32. A. mg219ch + P32GFP. B. 
P32ch + MG2192ndATGYFP Scale bar is 2.5 μm. 
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Figure 1.11. Paths depicted by MG219 mutant strains in comparison with WT strain during a period of two minutes 
at 37ºC in SP4 medium. A. WT B. Δmg219 C. Δmg219 + MG219 D. Δmg219 + MG2192ndATG E. Δmg219 + 
MG219GYFP F. Δmg219 + MG2192ndATGYFP G. Δmg219 + MPN312.  
Each image shows a region of 86.9x65.2 μm. 
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Figure 1.12. Gliding properties of WT and strains with modifications related to MG219. A. Frequency of erratic and 
circular tracks B. Frequency of motile and non-motile cells C. Boxplots of gliding velocity. The asterisk (*) indicates 
statistical significantly different when compared with the WT (p-value < 0.01). The double asterisk (**) indicates 
statistical significantly different when compared with both the WT and the null mutant Δmg219 (p-value < 0.01). 
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Figure 1.13. Scanning electron microscopy of WT and MG219 related strains. A. WT B. Δmg219 C. Δmg219 + MG219 
D. Δmg219 + MG2192ndATG E. Δmg219 + MG219GYFP F. Δmg219 + MG2192ndATGYFP G. Δmg219 + MPN312. 
Scale bar is 1 μm. 

A 

B 

C 

D 



IV. Chapter I: MG219 

49 
 

Figure 1.14. Cell division status of WT strain and MG219 mutant strains. The asterisk (*) indicates statistical 
significantly different when compared with the WT (p value < 0.01). The double asterisk (**) indicates statistical 
significantly different when compared with both the WT and the null mutant Δmg219 (p value < 0.01). 
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