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Transport DNA by Outer Membrane Vesicles of Aeromonas hydrophila 

Introduction

Abstract

Aeromonas is a bacterial genus of medical, environmental and veterinarian relevance. It presents a multifactor pathogenicity mecha-
nism, attributed to different putative factors of virulence among which there are types II, III, IV, VI secretion systems, and the recently 
termed type 0 secretion systems. The latter transports biomolecules through the outer membrane vesicles; until now, it exists evi-
dence indicating that Aeromonas produces outer membrane vesicles while growing in vivo and in vitro, but no data is known about 
the molecules that it transports. Consequently, the aim of this study was to determine if those particles transport DNA. After isolating 
and purifying the outer membrane vesicles, the DNA extraction was carried out; where a concentration superior to 100 mg/mL was 
obtained. The present study describes the first evidence about the particles produced by the Aeromonas genus transport DNA. 
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Aeromonas is a bacterial genus that groups Gram-negative bacilli, positive oxidase and catalase; it is autochthone from the aquatic 
environment, it presents a global distribution and the various species have been isolated from different ecological niches as free bacteria 
or as etiological agents of bacterial infections. Its pathogenic capacity is of veterinarian relevance; however, it can cause intestinal or ex-
traintestinal infections in humans. Numerous studies have demonstrated that the pathogenicity mechanism of Aeromonas is multifactor, 
attributed to different putative factors of virulence [1]. 

Among the putative factors of virulence of the Aeromonas genus there are types II, III, IV, and VI secretion systems, through which 
they secrete enzymes and toxins from the cytoplasm outside the bacterium or inside a target cell [2]. In the last few years, a new secretion 
system termed type 0 has been described in Gram-negative bacteria, this system releases molecules inside the particles derived from the 
outer membrane, called the outer membrane vesicles (OMVs) [3].

The OMVs are spherical particles with a 50-250 nm diameter; they are formed by a lipid bilayer, phospholipids and proteins of the 
outer membrane. The OMVs are generated when a protuberance is formed in the membrane that eventually will strangle itself and will be 
release as a vesicle, the functions described for the OMVs are numerous, and among them is the DNA transportation [4].

Even though, there are no reports of non-productive strains of outer membrane vesicles, there are bacterial genus in which this phe-
nomenon has not been studied, such is the case of the Aeromonas, in which the microscopic evidences have demonstrated the production 

Abbreviations: OMV: Outer membrane vesicle; TEM: Transmission Electron Microscopy
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 A. hydrophila F-0050 was isolated from diarrhoeal stool of a two-year-old child and identified by RFLP-PCR. First the strain was 
grown in tryptone soy agar (TSA) incubated at 37°C for 24h; then to obtain sufficient biomass for the isolation and purification of OMVs 
the strain was grown in one hundred plates with Craig agar (30 g/l of Cas-amino acids, 4 g/l yeast extract, 15 g/l bacteriological agar, 0.4 
g/l of potassium phosphate dihydrate) incubated in the same conditions. 

After the incubation, the biomass was harvested in phosphate buffered saline (PBS), it was centrifuged and discarded; the superna-
tant was filtered with a 0.22 µm membrane and an aliquot was inoculated on TSA for sterility test. The filtered supernatant was ultracen-
trifuged at 100,000 × g for 1 h at 4°C. The pellet was re-suspended in 500 µl of PBS and the OMVs were purified by ultracentrifugation in 
an iodixanol concentration gradient [7]. 

The sample was analyzed by TEM, 20 µl of the OMV sample was taken and placed on a formvar-coated grid, then was negative stained 
with phosphotungstic acid, and it was analyzed with a JEOL Model 1010 transmission electron microscope at an accelerating voltage of 
60 Kv.

To eliminate the free and associated DNA at the OMVs surface, the OMV sample was treated with DNase for 10 min at 37°C, the 
enzyme was deactivated at 80°C 10 min. The DNA was extracted by phenol-chloroform technique and quantified by spectrometry; the 
integrity was verified by electrophoresis at 0.8 % agarose and stained with ethidium bromide concentration. 

Recent studies have demonstrated that OMVs perform numerous functions in favour of bacterial survival. The most studied function 
is the protein transportation; nevertheless, recent reports indicate that those structures are also able to transport nucleic acids. Various 
techniques of isolation and purification have been developed to study OMVs’ structure and functions [8]. 

To determine OMVs structure it is important to remove any other cellular component from the strain, consequently the purification 
phase is essential in this study [8]. After the purification in the density gradient, the micrographs obtained through TEM, there are only 
observed spherical structures delineated by one membrane with a diameter of 20 to 250 nm, this corresponds to the morphology de-
scribed for the OMVs and it confirms that the purification technique was successful; thus, it can be ensured that the obtained sample is 
exempt from other cellular structures like scourges or cellular detritus (Figure 1).

Once the OMVs were purified, the DNA extraction was carried out, although the microscopic evidence the sample only contains 
OMVs. A prior treatment was carried out with DNase to remove DNA that might be associated through ionic interactions with the outer 
surface of the vesicles [9].

Some authors perform the DNA extraction by dissociating the vesicles with some type of detergent and then purify it with a purifica-
tion kit of PCR products [9], this technique was not positive in the vesicles produced by Aeromonas (results not shown), thus, the DNA 
extraction was carried out based on the phenol-chloroform extraction. The DNA sample, presented a concentration higher than 100 mg/
mL and after the agarose gel electrophoresis, a unique band of complete DNA was observed (Figure 2).

Materials and Methods

Biological material and growth conditions

Isolation and purification of OMVs

Transmission Electron Microscopy (TEM)

DNA extraction 

Results and Discussion 

of OMVs during in vivo and in vitro growth, but it has not yet been established its structure and the possible functions it performs [5,6]. 
The present study demonstrated that the OMVs produced during in vitro culture of of Aeromonas hydrophila F-0050 transport DNA.
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Figure 1:   Micrograph of purified OMVs from Aeromonas hydrophila. Particles 
delimited by a membrane with OMVs characteristic morphology are observed.

Figure 2: Electropherogram of the DNA contained in Aeromonas 
hydrophila OMVs (lane 1); λ  DNA/ HIND III fragments (lane 2).

Based on the prior treatment carried out, it is possible to ensure that the DNA obtained was inside the OMVs, consequently it is now 
interesting to determine which is the codified data of that DNA and if the OMVs produced by the Aeromonas genus participate in a new 
mechanism of horizontal gene transfer.

There are studies indicating that the OMVs produced by other bacterial genres like Acinetobacter, where it was observed that OMVs 
transfer carbapenem resistance genes or Escherichia coli where the OMVs transfer genes of the Shiga toxins [10,11]. Whereas the species 
of the Aeromonas genus present intrinsic resistance to some antimicrobials and those species can be found in multiple environments 
polymicrobials, the results presented in this study are highly relevant to research if the DNA presented in the OMVs produced by Aero-
monas, has microbial resistance genes or virulence putative factors that might be transferred interspecies or intraspecies. 
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The first function described for the OMVs produced during the in vitro culture of Aeromonas hydrophila is the DNA transportation.
Conclusion 
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