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ABSTRACT  32  33 

Vibrio tapetis is the etiological agent of brown ring disease (BRD) in clams. Phenotypic, antigenic 34 

and genetic variability has been demonstrated, being established three groups associated with host 35 

origin. In this work we analyze the variability of representative strains of these 3 groups, CECT 36 

4600T and GR0202RD, isolated from Manila clam and carpet-shell clam respectively, and HH6087 37 

isolated from halibut, on the basis of the whole proteome analysis by 2D-PAGE and MLSA. A 38 

quantitative analysis of the proteome showed that match coefficient rendered a similarity of 79% 39 

between the clam isolates while fish isolate showed similarities lower than 70%. A preliminary 40 

mass spectrometry (MS) assay allowed the identification of 27 proteins including 50S ribosomal 41 

protein L9, riboflavin synthase β subunit, ribose-phosphate pyrophosphokinase and succinyl-CoA 42 

synthase α subunit, among others. MLSA approach rendered similar results, showing the clam 43 

isolates a similarity of 99.4 %, higher than those observed between the fish isolate and both clam 44 

strains (98.2%). The topology of the Maximum Parsimony tree, obtained from 2D-PAGE analysis, 45 

and the phylogenetic tree, constructed with the Maximum Likelihood algorithm from concatenated 46 

sequences of 16S rRNA gene and five housekeeping genes (atpA, pyrH, recA, rpoA, and rpoD), 47 

was very similar, confirming the closer relationship between both clam isolates. 48 

 49 

 50 

 51 

 52 

 53 

 54 

Keywords: Vibrio tapetis, 2D-PAGE, MLSA, intraspecific variability. 55 

 56 

Page 2 of 21

ScholarOne Support 1-434/964-4100

FEMS Microbiology Letters

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 3 

 57 

INTRODUCTION 58 

 59 

Bacterial species show an enormous variability at biochemical, serological and genetic levels. 60 

Characterizing strains of a given species is important for understanding the ecology and 61 

competitiveness in environmental samples and in epidemiological studies. Vibrio species are 62 

extensively distributed on marine environments being associated with a wide range of marine 63 

organisms and some are pathogenic to humans (Thompson et al., 2006; Beaz-Hidalgo et al., 2010).  64 

Genotyping strategies such as restriction fragment length polymorphism (RFLP) and pulse field gel 65 

electrophoresis (PFGE) were traditionally used for epidemiological analysis of Vibrio isolates 66 

(Castro et al., 1997; Romalde et al., 2002). PCR typing methods have also been widely used among 67 

this bacterial genus such as Randomly amplified polymorphic DNA analysis (RAPD) and 68 

Repetitive-sequence-based polymerase chain reaction (Rep-PCR) based on both polymorphic, 69 

repetitive extragenic palindromic sequences (REP) and enterobacterial repetitive intergenic 70 

consensus (ERIC) (Rodríguez et al., 2006). More recently, amplified fragment length 71 

polymorphism (AFLP) and multilocus sequence analysis (MLSA) have allowed a more precise 72 

identification of Vibrio species (Beaz-Hidalgo et al., 2008; 2010; and references therein). 73 

MLSA is a typing method based on the concatenation of sequences of several housekeeping genes 74 

(Maiden, 2006). This technique has been successfully used on epidemiological studies (González-75 

Escalona et al., 2008), as well as in species delineation (Stackebrandt et al., 2002; Stackebrandt & 76 

Ebers 2006), and the study of relationships between related groups (Thompson et al., 2008; Pascual 77 

et al., 2010). This approach has demonstrated to be very useful and accurate for vibrios (Thompson 78 

et al., 2005, 2009; Sawabe et al., 2007; Beaz-Hidalgo et al., 2010), being very congruent with 79 

results of DNA-DNA hybridization (Thompson et al.2009).  80 

Proteomics could complement and extend the nucleic acid analytical technologies being an 81 

experimental link between the expressed product and the genome (Lester & Hubband, 2002; Philips 82 

& Boygo, 2005; Norbeck et al., 2006; Cash, 2009; Zhang et al., 2010). 2D-PAGE has been 83 

successfully applied for the discrimination of closely related isolates as demonstrated in several 84 

studies (Cash et al., 1995; Dumas et al., 2008), revealing even more degree of variability than with 85 

DNA-DNA hybridization, since protein content reflects dynamic changes produced in the cells as a 86 

response changes in the environment (Andersen et al., 1984; Cash, 2009; Zhang et al., 2010). 87 

Vibrio tapetis is the causative agent of an epizootic infection described in adult clams called Brown 88 

Ring Disease (Borrego et al., 1996). First studies indicated that strains of this pathogen constituted 89 

a homogenous group. However, as new strains were isolated from different hosts, including 90 
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different mollusk and fish species, some variability on the basis of their antigenic, phenotypic and 91 

genotypic characteristics has been demonstrated, leading to the description of three main groups 92 

within this species that correlate with the type of host (Castro et al. 1996, 1997; Romalde et al. 93 

2002; Rodriguez et al. 2006). 94 

In this work, a proteomic method, 2D-PAGE, was used to study the intraspecific variability of 95 

representative strains of the three groups described for V. tapetis, as well as an additional indication 96 

of their phylogenetic relationship. The results obtained were compared with those of MLSA, a well 97 

established genetic technique to infere bacterial phylogeny. 98 

 99 

 100 

MATERIAL AND METHODS 101 

 102 

Bacterial strains 103 

Representative strains of the three previously described groups of Vibrio tapetis (Rodríguez et al., 104 

2006) with different phenotypical, serological and genetic profiles as well as different host origin 105 

were used on this study: CECT 4600T, type strain of the species isolated from Manila clam 106 

(Ruditapes philippinarum), GR0202RDRD obtained from Carpet shell clam (R. decussatus) and 107 

HH6087 isolated from Halibut (Hipoglossus hipoglossus)(Borrego et al., 1996; Novoa et al., 1998; 108 

Reid et al., 2003). The bacteria were routinely aerobically grown on Marine Agar (MA) (Pronadisa, 109 

Spain) at 15ºC for 72h. Stock cultures were maintained frozen at -80oC in Marine Broth (MB) 110 

(Pronadisa) supplemented with 15% glycerol (v/v). 111 

 112 

2D-Electrophoresis 113 

Growth conditions 114 

Bacterial inocula were prepared resuspending each strain to achieve 109 cells/ml adjusting the 115 

bacterial suspension to an OD=1 (580 nm) using a Lambda2 UV/VIS Spectophotometer (Perkin-116 

Elmer, Germany). One flask per strain, containing 1 liter of sterile MB, was inoculated to achieve a 117 

final concentration of 105 cells/ml and were aerobically incubated in a Innova 4340 rotary shaker 118 

(70 rpm) (New Brunswick Scientific, USA) at 15ºC for 72 hours. 119 

Sample preparation 120 

Bacteria were harvested and washed with Tris-buffered sucrose (10 mmol Tris, 250 mmol sucrose 121 

pH 7). Then, samples were lyophilised. Proteins were extracted by suspending 40 mg of lyophilised 122 

bacteria in 1 mL standard lysis buffer (7M urea, 2M thiourea, 4% CHAPS (3-[(3-cholamidopropyl) 123 

dimethylammonio]-1-propanesulfonate) and 65 mM DTT (Dithiothreitol) during 3 hours at 27 ºC.  124 
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and sonicating (3 cycles of 10 pulses). Next, samples were centrifuged at 14000 rpm for 30 min and 125 

supernatants were collected and subjected to protein precipitation using the Clean-up kit (GE 126 

Healthcare, Sweden). After suspension of the pellet in 1 mL of lysis buffer, protein concentration 127 

were measured with CB-X protein assay kit (Gbiosciences, USA). Finally, samples were stored at -128 

80 ºC prior to use. 129 

First dimension 130 

Isoelectrofocusing (IEF) was performed using a Protean IEF cell (Bio-Rad, USA) and 24 cm pH 4-131 

7 IPG strips (GE Healthcare).  For each sample, 400 µg of protein were resuspended in 390 µl of 132 

rehydration buffer (7M urea, 2M thiuorea, 4% CHAPS, 0.6 % DTT, 1% IPG buffer 4-7 and 133 

bromophenol blue traces). IEF was carried out at 20 ºC and according to the following steps: active 134 

rehydration (50V) for 12h, 250 V for 30 min, 500 V for 1h, 1000 V for 1h, 4000 V for 2h, 8000 V 135 

for 2 h and 10000 V to achieve 65 kVh. 136 

Second dimension 137 

Prior to run the second dimension, strips were equilibrated at room temperature for 15 min with an 138 

equilibration solution (6M urea, 50mM Tris-HCl pH 8.8, 30% glycerol, 2% SDS (sodium dodecyl 139 

sulfate) with addition of 1% DTT for 15 min in the same solution supplemented with of 2.5% of 140 

iodoacetamide. Strips were placed on top of a 21 x 26 cm 12,5% polyacrilamide gel and fixed with 141 

sealing solution (25mM Tris, 192 mM glycine, 0.1% SDS, 0.5% agarose, 0.01% bromophenol 142 

blue). Second dimension was performed according to Laemmli (1970), in an EttanDalt-Six 143 

electrophoretic system (GE Healthcare) at 30º C overnight (5mA/gel for 1 h, 10mA/per 1 h, 144 

followed by 16 mA/gel until bromophenol blue dye reached the bottom of the gel). Three 145 

independent cultures as well as protein extractions and 2D-PAGE were performed to assess the 146 

reproducibility of the experiment.  147 

Protein visualization and image analysis 148 

Gels were stained with Coomassie Brilliant Blue (CBB). CBB staining was carried out according to 149 

Neuhoff et al. (1988) with minor modifications and scanned in a densitometer, Microtek 9800XL 150 

(Microtek, USA), at 300 dpi resolution. Gels were stored in vacumm-sealed plastic bags at 4ºC. 151 

PDQuest Advance software version 8.0 (Bio-Rad) were used for spot detection, spot quantitation 152 

and reproducibility study.  153 

 154 

In-gel digestion and peptide extraction 155 

Protein spots chosen for mass spectrometric analysis (MS) were excised from the gels and manually 156 

digested. The gel pieces were rinsed thrice with AmBic buffer (50 mM ammonium bicarbonate in 157 

50% HPLC grade methanol (Scharlau, Spain) and once with 10 mM dithiothreitol (Sigma-Aldrich, 158 
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USA). The gel pieces were rinsed twice with AmBic buffer and dried in a SpeedVac before 159 

alkylation with 55 mM iodoacetamide (Sigma- Aldrich) in 50 mM ammonium bicarbonate. Once 160 

again, the gel pieces were rinsed with HPLC grade AmBic buffer (Scharlau), before being 161 

dehydrated by addition of HPLC grade acetonitrile (Scharlau) and dried in a SpeedVac. Modified 162 

porcine trypsin (Promega, USA) was added to the dry gel pieces at a final concentration of 20 ng/µl 163 

in 20 mM ammonium bicarbonate, incubating them at 37ºC for 16 h. Peptides were extracted thrice 164 

by 20 min incubation in 40 µl of 60% acetonitrile in 0.5% HCOOH (formic acid). The resulting 165 

peptide extracts were pooled, concentrated in a SpeedVac and stored at -20ºC. 166 

 167 

Mass spectrometric analysis and protein identification 168 

A combination of matrix-assisted laser-desorption-ionization time-of-flight mass spectrometry 169 

(MALDI-TOF) (MS) and MALDI-TOF/TOF (MS/MS) was used for protein identification 170 

according to the following procedure. Dried samples were dissolved in 4 µl of 0.5% formic acid. 171 

Equal volumes (0.5 µl) of peptide and matrix solution, consisted of 3 mg CHCA (α-Cyano-4-172 

hidroxycinnamic acid) dissolved in 1 ml of 50% acetonitrile in 0.1% TFA (trifluoroacetic acid), 173 

were deposited using the thin layer method, onto a 384 Opti-TOF MALDI plate (Applied 174 

Biosystems, USA). Mass spectrometric data were obtained in an automated analysis loop using 175 

4800 MALDI-TOF/TOF analyzer (Applied Biosystems). MS spectra were acquired in reflectron 176 

positive-ion mode with a Nd:YAG, 355 nm wavelength laser, averaging 1000 laser shots and at 177 

least three trypsin autolysis peaks were used as internal calibration. All MS/MS spectra were 178 

performed by selection the precursors with a relative resolution of 300 full width at half maximum 179 

(FWHM) and metastable suppression. Automated analysis of mass data was achieved using the 180 

4000 Series Explorer Software V3.5. Peptide mass fingerprinting (PMF) and peptide fragmentation 181 

spectra data of each sample were combined through the GPS Explorer Software v3.6 using Mascot 182 

software v2.1. (Matrix Science) to search against a non-identical protein database (NCBInr release 183 

data 20100526), with 30 ppm precursor tolerance, 0.35 Da MS/MS (analysis of the tandem mass) 184 

fragment tolerance, CAM (carbamydomethyl cystein) as fixed modification, oxidized methionine as 185 

variable modification and allowing 1 missed cleavage. All spectra and database results were 186 

manually inspected in detail using the previous software. Protein scores greater than 56 were 187 

accepted as statistically significant (P< 0.05), considering positive the identification when protein 188 

score CI (confidence Interval) was above 98%. In case of MS/MS spectra, total ion score CI was 189 

above 95%. 190 

 191 

 192 
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Statistical analysis 193 

Similarity percentages between V. tapetis isolates were calculated on the basis of protein profile 194 

similarities calculated between pairs of isolates using the Simple Matching co-efficient (Sneath and 195 

Sokal, 1973). 196 

 197 

Phylogenetic analysis based on proteins 198 

BioNumerics 5.1 2D software (Applied-Maths, USA) was used to construct a Maximum Parismony 199 

tree based on the different protein content of V. tapetis isolates.  200 

 201 

Phylogenetic analysis based on MLSA  202 

Genomic DNA extraction and amplification of the 16S rRNA gene was performed as previously 203 

described (Beaz-Hidalgo et al., 2008). Sequences for five protein-coding housekeeping genes atpA 204 

(α subunit of ATPase), pyrH (uridyl monophosphate kinase), recA (recombinase A), rpoA (α 205 

subunit of RNA polymerase), and rpoD (RNA polymerase sigma factor) were performed according 206 

to Thompson et al. (2004, 2005, 2007) and Pascual et al. (2010). Sequencing reactions were 207 

performed with the GenomeLab DTCS-Quick Start Kit (Beckman Coulter, Ireland). Sequence data 208 

analysis was performed with DNAstar Seqman program (Lasergene, USA). Percentage of similarity 209 

of concatenated sequence of genes was calculated using DNAstar Megalingn program (Lasergene). 210 

For maximum-likelihood (ML) analysis, the optimal model of nucleotide substitution was estimated 211 

throug the program jmodeltest 0.1.1 (Posada, 2008) using the Akaike Information Criterion (AIC). 212 

The ML estimation was implemented in PHYML (Gindon & Gascuel, 2003), using GTR model as 213 

recommended by jmodeltest 0.1.1. Bootstrap analyses were performed using 1000 replications. 214 

 215 

 216 

RESULTS 217 

 218 

Automatic software analysis was used to determine the protein spot number in each 2D gel. Total 219 

amount of protein loaded on each gel was the same for the three strains. However, there were 220 

important differences in the number of spots among the three strains. Thus, average spot number 221 

detected was 729 spots (± 13, standard deviation), 681 spots (± 2) and 556 (± 6) for CECT 4600T, 222 

GR0202RD and HH6087, respectively. Figure 1 shows standard protein pattern of each strain 223 

separated by 2-DE using a 24 cm, linear pH 4-7 IPG strip in the first dimension. Technical variation 224 

of 2-DE was determined by correlation coefficients between gel replicates of each strain. These 225 

correlation coefficients showed high degree of congruence for each strain, being all of them about 226 
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0.90 (0.91 for CECT 4600T and GR0202RD, 0.85 for HH6087), clearly showing high 227 

reproducibility (Fig. 1). 228 

Visual inspection of gels showed that the majority of proteins detected were localised in the acidic 229 

part of the pH range studied and they also showed similar or different protein profile depending on 230 

a specific molecular weight region (Fig. 2). Thus, high molecular weight region is very similar 231 

between all strains while low molecular weight is more similar between CECT 4600T and 232 

GR0202RD strains than between CECT 4600T and HH6087 strains. Besides, protein profile of 233 

middle region seems to be specific for each strain although some common spots are also present in 234 

this region (Fig. 2). 235 

 236 

Sixty representative proteins (common and unique for each strain) of the three strains were selected 237 

and sequenced by MS but only 27 of these proteins were identified (Table 1). Only one of 6 238 

common proteins present in the three strains was identified as 50S ribosomal protein L9. Of the 239 

eight proteins selected in common for CECT4600T and GR0202RD, five were identified as 240 

Riboflavin synthase β subunit, Ribose-phosphate pyrophosphokinase, Succinyl-CoA synthase α 241 

subunit, 3-hydroxydecanoyl-(acyl carrier protein) dehydratase and peptidyl-prolyl cis-trans 242 

isomerase B (rotamase B). One and two common proteins between CECT4600T and HH6087 and 243 

between RG0202RD and HH6087 respectively were selected but no identification for any of them 244 

was achieved. Regarding to the strain-specific proteins, 10 out 20 spots were identified, including 245 

intregrases, transcriptional regulators and ABC transporter. Interestingly, two proteins selected as 246 

unique for CECT4600T and GR0202RD results to be the same a hypothetical protein pVT1_26. 247 

 248 

Level of protein profile similarity within Vibrio tapetis was calculated between pairs of strains 249 

applying the simple matching co-efficient formula. Results of matching co-efficient showed 250 

similarity of 79% between CECT 4600T and GR0202RD strains, 69% between CECT 4600T and 251 

HH6087 strains and 60% between GR0202RD and HH6087 strains. These results were used to 252 

construct an un-rooted tree (Fig. 3), which showed that GR0202RD strain was clearly more closely 253 

related to CECT 4600T than HH6087. 254 

 255 

Fragments of the 16S rRNA gene (1531 bp) and five coding-protein housekeeping genes, rpoD 256 

(535 bp), rpoA (863 bp), pyrH (540 bp), atpA (1194 bp) and recA (789 bp), were sequenced to 257 

yield a concatenated sequence of 4090 nucleotides, which corresponded to more than 80% of the 258 

coding regions of each gene. Similarity percentages between concatenated sequences of the three 259 

isolates were 99.4% between CECT 4600TT and GR0202RD, 98.2% between CECT 4600TT and 260 
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HH6087 and 98.2% between GR0202RD and HH6087. These results indicate higher similarity 261 

between clam isolates (CECT 4600TT and GR0202RD) than with the fish isolate (HH6087). This 262 

similarity can also be seen in the phylogentic tree generated by Maximum Likelihood (ML) in 263 

which clam isolates are evolutively closer than the fish isolate (Fig. 3). The independent analysis of 264 

the each gene rendered, in general, similar tree topologies, being rpoA and rpoD the poorest 265 

discriminative genes (data not shown). 266 

 267 

 268 

DISCUSSION 269 

 270 

Protein analysis based on gene expression have been based on the 2D-PAGE technique (Klose, 271 

1975; O´Farrell, 1975) which has also proved to be a powerful typing tool with a high degree of 272 

discriminatory capacity in intraspecific studies as well as in interspecific analysis of closely related 273 

organisms such as Listeria, Ferroplasma, Frankia or Mycoplasma (Rodwell & Rodwell, 1978; 274 

Benson et al., 1984; Gormon & Phan-Thanh, 1995; Dopson et al. 2004; Dumas et al., 2008). 275 

However, its value to determine taxonomic positions of distant organisms is limited as 276 

demonstrated by Knight et al. (2004) who, in an in silico work performed with more than 100 277 

eukaryotic and prokaryotic species, observed little or no relationship between 2D gels and 278 

phylogeny.  279 

Automatic software analysis revealed differences in protein spot number, ranging from 729 spots 280 

for strain CECT 4600T to 556 for strain HH6087. Similarity of protein profiles was higher between 281 

strains isolated from clam species (CECT 4600T and GR0202RD), than between these strains and 282 

the fish isolate (HH6087). Spot number and the similarity percentages between the V. tapetis strains 283 

are in agreement with those reported in previuos studies for other bacterial species (Gormon & 284 

Phan-Thanh, 1995; Govorun et al., 2003; Dopson et al., 2004). It has been described that for this 285 

proteomic approach, as for all the phenotypic methods for classification of microorganisms, a 286 

crucial step is to grow the cells under the same conditions to be sure that the observed changes are 287 

due to strain differences rather than growth (Dopson et al., 2004). Cells employed in this study were 288 

grown in the same media and conditions, obtaining a high reproducibility (correlation coefficients 289 

of 0.9) for the different protein extractions and gels. 290 

 291 

The majority of proteins detected, regardless of the strain, were localised in the acidic part of the pH 292 

range studied. This finding agrees with results of other authors who observed in halophilic bacteria 293 

a predominance of proteins with low pI over high pI (Kiraga et al., 2007). The identified proteins 294 
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could be related with important functions in the cells, such as 50S ribosomal protein L9, metabolic 295 

pathways, including riboflavin synthase β subunit, ribose-phosphate pyrophosphokinase, and 296 

peptidyl-prolyl cis-trans isomerase B (rotamase B), as well as intregrases, transcriptional regulators 297 

and ABC transporter. The identification as the same hypothetical protein pVT1_26 of two 298 

nonequivalent spots in the profiles of strains CECT 4600T and GR0202RD indicates the possibility 299 

of existence of charge variants of the same protein between isolates, as previously described for 300 

other bacterial species (Cash, 2009). The lack of a complete genome sequence for V. tapetis and, 301 

therefore, the unavailability of an appropriate database is reflected in our study where only 27 out of 302 

the 60 proteins sequenced by MS were identified, making necessary more studies to characterize the 303 

proteome of this pathogen.  304 

 305 

In comparison with proteomics, genomic procedures as MLSA give the advantages that information 306 

is fairly stable, unaffected by the growth conditions of bacteria, and able to generate highly 307 

reproducible and portable data, which would allow the comparison of results between laboratories 308 

using the public online databases. MLSA has demonstrated to be a powerful, both intra- and 309 

interspecific, discriminative tool within the Vibrio genus (Thompson et al., 2004, 2005, 2007, 2009; 310 

Pascual et al., 2010). The choice of the protein encoding genes for the MLSA is the most important 311 

aspect in a correct MLSA analysis, since by the moment any set of housekeeping genes has proved 312 

to be universally applicable. This fact is particularly difficult in the case of a set of strains belonging 313 

to the same species or to tightly related taxa, due to the need of genes able to measure such low 314 

variability.  In our case, each selected gene has been previously used for Vibrio species (Thompson 315 

et al., 2004, 2005, 2007). and the results obtained were in agreement with those reached with 316 

genotyping methods (Castro et al.1996, 1997; Romalde et al. 2002; Rodríguez et al.2006)  317 

 318 

Both methods, 2D-PAGE and MLSA, rendered trees with similar topology, appearing the clam 319 

isolates more closely related than its counterpart from fish. In addition, the relative branching order 320 

is clearly in agreement with the three genetic groups previously described on the basis of typing 321 

methods (Romalde et al., 2002; Rodríguez et al.2006). The congruence between the results obtained 322 

in the phylogenetic study of housekeeping genes (conservative approach), and the analysis of the 323 

whole proteome of the isolates (dynamic approach), provides also an inter-validation of the 324 

techniques.  325 

In conclusion, the proteomic approach using 2D-PAGE can be a useful complementary tool for the 326 

study of the intraspecific variability of Vibrio tapetis. In addition, it is a method that does not 327 

require prior information on the genome sequence and possesses the added value of describing gene 328 
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expression at protein level, which can furnish helpful information on host-pathogen interaction and 329 

pathogenic processes. 330 

 331 
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  442 

 FIGURE LEGENDS 443 

 444 

Figure 1: Reference mapping protein of whole cells of V. tapetis separated by 2-DE using a 24 cm, 445 

linear pH 4-7 IPG strip in the first dimension. (A): Manila clam isolate CECT4600T, (B): 446 

GR0202RD isolated from carpet shell clam and (C) fish isolate HH6087. Proteins were separated 447 

on a linear pH 4-7 gradient in the first dimension and visualized using Coommassie G-250 448 

staining. Scatter plots demonstrating the reproducibility of the gels are shown at the upper right 449 

of pair of gels. 450 

Figure 2: Conserved and variable areas among strains in the gels: A) great similarity in the high 451 

molecular weight region; B) hipervariable protein pattern in the middle molecular weight region; 452 

and C) variable pattern in low molecular weight region showing more similarity between 453 

CECT4600T and GR0202RD strains.  454 

Figure 3: Comparison of the phylogenetic reconstruction based on concatenated of 16S rRNA, 455 

atpA, pyrH, rpoA, rpoD and recA partial gene sequences obtained by the Maximum Likelihood 456 

method (GTR model) (Black) and the Maximum Parsimony tree generated on the basis of the 457 

protein patterns (Grey). Numbers on the branches show the phylogenetic distances. 458 

 459 
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Table 1: Selected proteins of the three strains of V. tapetis identified by MS. 

Protein Spot Strain 

16 CECT4600 T 

37 GR0202RD 50S ribosomal protein L9 

53 HH6087 

14 CECT4600 T 
Peptidyl-prolyl cis-trans isomerase B (rotamase B) 

36 GR0202RD 

3 CECT4600 T 

Ribose-phosphate pyrophosphokinase 

24 GR0202RD 

6 CECT4600 T 

Succinyl-CoA synthase α subunit 

27 GR0202RD 

17 CECT4600T 

3-hydroxydecanoyl-(acyl carrier protein) dehydratase  

38 GR0202RD 

40 GR0202RD 
Riboflavin synthase β subunit  

57 HH6087 

Hypothetical protein LIC12719 2 CECT4600T 

β-lactamase 5 CECT4600T 

Hypothetical protein pVT1_26  18 CECT4600T 

6,7-dimethyl-8-ribityllumazine synthase  20 CECT4600T 

3-Hidroxydecanoyl-ACP dehydratase 38 GR0202RD 

Transaldolase 23 GR0202RD 

Peroxiredoxin-2  29 GR0202RD 

Putative type VI secretion protein VasQ-1 30 GR0202RD 

Hypothetical protein MED222_13960 33 GR0202RD 

Hypothetical protein pVT1_26 41 GR0202RD 

Phage intregrase  48 HH6087 

ABC transporter related 55 HH6087 

Transcriptional regulator LysR family 59 HH6087 

Uridine phosphorilase 60 HH6087 
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Reference mapping protein of whole cells of V. tapetis separated by 2-DE using a 24 cm, linear pH 
4-7 IPG strip in the first dimension. (A): Manila clam isolate CECT4600T, (B): GR0202RD isolated 
from carpet shell clam and (C) fish isolate HH6087. Proteins were separated on a linear pH 4-7 
gradient in the first dimension and visualized using Coommassie G-250 staining. Scatter plots 

demonstrating the reproducibility of the gels are shown at the upper right of pair of gels.  
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Conserved and variable areas among strains in the gels: A) great similarity in the high molecular 

weight region; B) hipervariable protein pattern in the middle molecular weight region; and C) 
variable pattern in low molecular weight region showing more similarity between CECT4600T and 

GR0202RD strains.  
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Comparison of the phylogenetic reconstruction based on concatenated of 16S rRNA, atpA, pyrH, 
rpoA, rpoD and recA partial gene sequences obtained by the Maximum Likelihood method (GTR 
model) (Black) and the Maximum Parsimony tree generated on the basis of the protein patterns 

(Grey). Numbers on the branches show the phylogenetic distances.  
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