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Outer membrane vesicles of 
Dinoroseobacter shibae transport 
a volatile aldehyde
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Outer Membrane Vesicles (OMVs) of the Gram-negative marine bacterium 
Dinoroseobacter shibae, a member of the Roseobacteraceae, were investigated 
for the presence of volatile organic compounds (VOCs). Extracts of vesicles were 
analyzed by gas chromatography/mass spectrometry (GC/MS). In these analyses 
the short fatty acid (Z)-5-dodecenoic acid (1) and the related, more volatile 
aldehyde (Z)-5-dodecenal (8) were identified as VOCs of the OMVs. The aldehyde 
8 has not yet been reported before from bacteria. Due to their possible function 
as signaling molecules, both compounds were tested for Quorum Sensing (QS) 
inhibition in a bioassay against the QS sensor strain Pseudomonas putida F117 
(pKRC12) responsive to long-chain N-acylhomoserine lactones, the effectors of 
the sensor. Both compounds showed QS inhibitory activity. The potential function 
of VOCs in OMVs which has not been observed previously is discussed.
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1. Introduction

Outer Membrane Vesicles (OMVs) are spherical vesicles secreted by Gram-negative bacteria 
(Beveridge, 1999; Ellis and Kuehn, 2010; Schwechheimer and Kuehn, 2015; Jan, 2017; Sartorio 
et al., 2021) and, less frequently, by Gram-positive bacteria (Anand and Chaudhuri, 2016) at all 
stages of growth (Beveridge, 1999; Ellis and Kuehn, 2010; Manning and Kuehn, 2011). Their 
diameter ranges from 10 to 300  nm (Ellis and Kuehn, 2010) and they are composed of a 
phospholipid bilayer, with the outer layer consisting of lipopolysaccharides, outer membrane 
proteins and receptors. Within the vesicles, there is a thin layer of peptidoglycan with periplasmic 
proteins and nucleic acids (McBroom and Kuehn, 2007; Cecil et al., 2019). OMVs have been 
reported from various bacteria such as Escherichia coli (McBroom and Kuehn, 2007; Li et al., 
2022), Pseudomonas aeruginosa (Bauman and Kuehn, 2006), Shigella flexneri (Kadurugamuwa 
and Beveridge, 1999), Salmonella enterica (Elhenawy et al., 2016), Pectobacterium brasilense 
(Maphosa and Moleleki, 2021), from pathogenic and non-pathogenic strains, performing 
various physiological and pathological functions (Anand and Chaudhuri, 2016; Sartorio 
et al., 2021).

OMVs have been described to be  involved in inter- and intraspecific bacterial 
communication (Anand and Chaudhuri, 2016; Jan, 2017; Zhao et al., 2022), promotion of 
virulence (Ellis and Kuehn, 2010; Mondal et al., 2016), or the transfer of DNA (Renelli et al., 
2004), RNA (Ghosal et al., 2015; Celluzzi and Masotti, 2016) or toxins (Horstman and Kuehn, 
2000; Lindmark et al., 2009). Moreover, the production and release of OMVs can increase in 
response to bacterial stress (Jan, 2017) and to biofilm formation (Kulp and Kuehn, 2010). 
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OMVs may not only transport proteins and DNA, but also signaling 
molecules. For example, OMVs of the coral pathogen Vibrio shilonii 
AK1 contained N-acylhomoserine lactones (AHLs; Li et al., 2016). 
AHLs are a group of compounds mediating quorum sensing (QS), i.e., 
density dependent changes in gene expression of a bacterial 
population. For this mechanism to work, the concentration of a 
signaling molecule (e.g., an AHL), excreted continuously by every cell 
in the population, is detected by a transcriptional regulator (LuxR 
family of regulators) resulting in induction or repression of 
downstream genes (Fuqua et al., 1994).

Only recently OMVs from marine ecosystems have been 
detected (Biller et al., 2014) and their biogenesis and function in 
marine bacteria are relatively unexplored (Wang et al., 2021). The 
marine bacterium Dinoroseobacter shibae is a symbiont of the 
dinoflagellate Prorocentrum lima (Biebl et al., 2005) and serves as a 
model for the physiology, ecology and interactions of bacteria of the 
Roseobacteraceae family (Wagner-Döbler et al., 2010; Neumann 
et al., 2013; Patzelt et al., 2013; Wang et al., 2014). Wang et al. (2021) 
investigated the formation of OMVs from D. shibae and reported 
an average size of 20–75 nm. The OMVs carried DNA and a 
proteome analysis indicated their formation to be coupled to cell 
division, clearing the division site from small DNA fragments. 
These data indicate a DNA waste-disposal function for the OMVs. 
The fatty acid composition of the whole OMVs including bound 
fatty acids of the membrane phospholipids were reported to consist 
of the major components vaccenic acid (C18:1ω7c, 2), palmitic acid 
(C16:0, 3), stearic acid (C18:0, 4), (Z)-5-dodecenoic acid 
(C12:1ω7c, 1), and 3-hydroxydecanoic acid (10:0 3-OH, 5; 
Wang et al., 2021; Figure 1).

Volatile organic compounds (VOCs) are released by many 
bacteria and are mediating intra- and interspecific interactions leading 
to various physiological changes in the recipient (Schulz et al., 2010, 
2020; Groenhagen et al., 2013; Schulz-Bohm et al., 2017; Tyc et al., 
2017; Weisskopf et  al., 2021). Although various bacteria of the 
Roseobacteraceae family are known to produce VOCs (Dickschat 
et al., 2005, 2010; Thiel et al., 2010; Riclea et al., 2012; Hahnke et al., 
2013; Brock et  al., 2014; Ziesche et  al., 2015; Harig et  al., 2017), 
volatiles of D. shibae have not been reported from liquid cultures. 
VOCs are usually small, often lipophilic compounds that can diffuse 
passively through membranes (Weisskopf et al., 2021). We therefore 
were interested whether additional mechanisms, such as release of 
OMVs, may exist that transport VOCs out of the bacterial cell. Indeed, 

here we show that OMVs transport a volatile aldehyde and a free acid, 
which may act as signals or active compounds in receiving organisms.

These compounds were tested for quorum-sensing inhibition 
using E. coli sensor strains (Riedel et al., 2001) where the downstream 
gene is a gfp protein, leading to fluorescence as the output signal for 
QS in an in vitro assay. By determining the decrease in fluorescence in 
the presence of an added compound, inhibition of QS can be detected. 
Both the aldehyde and the acid showed QS inhibitiory activity. 
Inhibition of QS is an exciting target for the development of next 
generation antibiotics which do not kill the bacteria, resulting in the 
undesirable selection of resistant clones, but inhibit their pathogenic 
traits in a density dependent way (Hentzer et al., 2002; LaSarre and 
Federle, 2013; O'Loughlin et  al., 2013). OMVs containing QS 
inhibitors are potential vehicles for delivering them to pathogenic 
bacteria (Collins and Brown, 2021). Finally, the results show that 
besides passive diffusion in water or the gas phase (Weisskopf et al., 
2021), extracellular transport by OMVs can be used by bacteria for 
dissemination of volatiles. In this study we  investigated whether 
OMVs of D. shibae contain VOCs, indentified their structures and 
evaluated their activity in QS assays.

2. Materials and methods

2.1. Strains and culture conditions

Dinoroseobacter shibae DSM 16493T was cultivated as described 
in Wang et al. (2021). Briefly, liquid cultures were obtained in defined 
saltwater medium (SWM) using 20 mM succinate as a carbon source 
at 30°C in the dark on a platform shaker with 160 rpm. Cultures were 
harvested at an OD600 of approximately 2.5, which represents the late-
exponential growth phase.

OMVs were isolated as described (Wang et al., 2021). Briefly, 
bacterial cells were removed by centrifugation (10,900 g, 15 min, 
4°C). The supernatant was filtered through 0.45 mm (Nalgene, 
Thermo Scientific) and 0.22 mm (Millipore) bottle-top filters. The 
filtrate was concentrated using a tangential flow filtration system 
(Vivaflow 200; Sartorius) with a 100-kDa-molecular-mass cutoff. The 
concentrate was ultracentrifuged at 100,000 g for 2 h at 4°C. The 
pellets were resuspended in 2 ml 45% OptiPrep (in buffer containing 
3.6% [wt/vol] NaCl and 10 mM HEPES, pH 8). Samples were loaded 
into the bottom of a 13.2-ml ultracentrifuge tube and overlaid with 

FIGURE 1

Total fatty acids of outer membrane vesicles of Dinoroseobacter shibae.
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1 ml of 40, 35, 30, 25, 20, 15, 10, 5, and 0% OptiPrep. The gradient was 
centrifuged at 280,000 g for 3 to 12 h at 4°C. The brownish fraction 
containing pure vesicles was collected, diluted with buffer (10 mM 
HEPES, 3.6% NaCl) to 30 ml, and pelleted at 100,000 g for 2 h at 
4°C. The supernatant was discarded, and the final pellets were frozen 
at −70°C until further analysis. Two OMV pellets were thus prepared. 
Details on microscopy, size, abundance, protein content and DNA 
content of the OMVs can be found in Wang et al. (2021).

2.2. Quorum sensing inhibition tests

Two compounds from D. shibae OMVs were tested for their 
ability to inhibit QS: (Z)-5-dodecenal (8), mw 182.3 g/mol, and (Z)-5-
dodecenoic acid (1), mw 198.3 g/mol. Inhibition of QS induced by 
three different long-chain N-acylhomoserine lactones (AHLs) was 
tested: (1) N-3-oxododecanoylhomoserine lactone (3-oxo-C12-HSL), 
(2) N-3-oxotetradecanoylhomoserine lactone (3-oxo-C14-HSL), and 
(3) N-(Z)-9-hexadecenoylhomoserine lactone (C16:1-HSL).

The Pseudomonas putida F117 (pKRC12) sensor strain for long-
chain AHLs (Riedel et al., 2001) was used for the QS inhibition assay. 
The sensor strain was grown overnight in Luria-Bertani (LB) medium 
with addition of gentamycin (20 μg/ml) at 30°C with shaking 
(160 rpm). The culture was then diluted 20-fold with fresh medium 
and grown until an optical density at 600 nm (OD600) of 1.0 was 
reached. Compounds used for the bioassay were dissolved in 
methanol and added to 96-well microtiter plates at a final 
concentration of 1, 10, 50, and 100 μg/ml. Ten μL of the test 
compound were pipetted into the wells. After evaporation of 
methanol, 100 μl of fresh medium and 100 μl of culture were pipetted 
into the wells. The microtiter plates were incubated at 30°C for 24 h. 
Every hour for the first 10 h and after 24 h the green fluorescence was 
determined using the microtiter plate reader Victor 1,420 Multilabel 
Counter (Perkin-Elmer) with an excitation wavelength of 485 nm and 
a detection wavelength of 535 nm. OD620 was also measured at the 
same time points. DMSO and methanol added to the culture was 
used as negative control (no QS activity), and the synthetic AHLs 
3-oxo-C12-HSL, 3-oxo-C14-HSL and C16:1-HSL, dissolved in 
DMSO were used as positive controls at the final concentrations of 
100 nM for oxo-C12-HSL and 3-oxo-C14-HSL, and 1 μM for 
C16:1-HSL. Test compounds were assayed in triplicate. Fold 
induction of fluorescence was calculated by dividing the specific 
fluorescence (gfp535/OD620) of the test compound by the specific 
fluorescence of the negative control. The % inhibition was calculated 
using the following formula:

 

% [(inhibition fold induction positive control

fold inducti

= −
oon test compound)/

fold induction positive control] .∗ 100

2.3. Experimental procedures

2.3.1. General experimental procedures
Chemicals were purchased from Sigma Aldrich (Germany), 

TCI (Germany) or from abcr GmbH (Germany) and used without 
further purification. Solvents were purified by distillation and dried 

according to usual standard laboratory methods. Reactions with 
air- and moisture-sensitive compounds were carried out in vacuum-
heated flasks under a nitrogen atmosphere. Solutions at 0°C were 
obtained with the aid of an ice-water bath. Thin-layer 
chromatography (TLC) was carried out on silica gel coated films 
Polygram® SIL G/UV254 (Macherey-Nagel, layer thickness 
0.2 mm). In addition to UV detection (254 nm), common staining 
reagents such as molybdophosphoric acid or potassium 
permanganate were used. Flash column chromatography was 
carried out on silica gel 60 Å (grain size 35–70 μm) from Fisher 
Scientific. NMR spectra were recorded with an Avance III 400 
spectrometer (400 MHz for 1H, 100 MHz for 13C) from Bruker at 
room temperature. Tetramethylsilane served as the internal 
standard. The chemical shifts are given in ppm relative to the 
standard. The coupling constants J are given in Hertz (Hz). Full 
synthetic details of the synthesized compounds are given in the 
Supporting information.

2.3.2. Gas chromatographic/mass spectrometric 
analyses

Gas chromatographic/mass spectrometric (GC/MS) analyses of 
synthetic samples were performed on an Agilent 8,860 gas 
chromatograph coupled to an Agilent 5977B mass selective detector. 
The measurements were carried out in a pulsed split mode with the 
following temperature program: 50°C (5 min. isothermal) start 
temperature, 20°C/min heating rate, 320°C (5 min isothermal) final 
temperature. The analyses of extracts of the OMVs were performed 
on an Agilent 7890A gas chromatograph with a MSD 5975 mass 
selective detector. The measurements were carried out with the 
following temperature program: 50°C (5 min. isothermal) start 
temperature, 5°C/min heating rate, 320°C (10 min isothermal) final 
temperature. Gas chromatographic separation was performed on 
fused-silica capillary columns HP-5MS (30 m × 0.25 mm ID × 0.25 μm 
film, Agilent Technologies). Helium was used as carrier gas with a 
volume flow of 1.2 ml/min and electron impact ionization was carried 
out at 70 eV for both instruments. Linear gas chromatographic 
retention indices (RI) were determined from a homologous series of 
n-alkanes (C8–C40).

For VOC analysis, 50.0 mg of each of the two OMVs pellets 
were freeze-dried. Then, 2.0 mg of each of pellet were extracted six 
times with 50 μl dichloromethane by shaking. The solvent was 
evaporated at room temperature and the residue was dissolved in 
90 μl dichloromethane. The extracts were derivatized with MSTFA 
for a better chromatographic separation of polar components such 
as acids or alcohols, and analyzed by GC/MS. Controls of the 
work-up and extraction processes were prepared and analyzed 
by GC/MS.

2.3.3. Derivatization with N-methyl-N-
(trimethylsilyl)trifluoroacetamide

An synthetic acid (0.1 mg) or a natural sample (10 μl) was 
dissolved in 300 μl dichloromethane (DCM), mixed with 
50 μl N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) and the 
mixture was heated for 60 min at 60°C in a heating block in a 2 ml 
screwcap vial. Subsequently, the solvent and excess MSTFA reagent 
were removed in a stream of nitrogen, and the residue was taken up 
in dichloromethane, the volume reduced by evaporation at room 
temperature to 10 μl and finally analyzed by GC/MS.

https://doi.org/10.3389/fevo.2023.1102159
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Koteska et al. 10.3389/fevo.2023.1102159

Frontiers in Ecology and Evolution 04 frontiersin.org

FIGURE 3

Syntheses of reference compounds trimethylsilyl (Z)-5-dodecenoate (6) and (Z)-5-dodecenal (8). The synthesis is described in detail in the text. The 
trimethylsilyl ester of natural compound A proved to be identical to compound 6, confirming the identity of (Z)-5-dodecenoic acid (1), and natural 
compound B.

3. Results

3.1. GC/MS analysis of the OMVs

Initial experiments showed the presence of a suspecteted fatty acid 
in the extract of the OMVs. Therefore, parts of the extracts were 
trimethylsilylated with MSTFA for better peak shape of polar 
compounds, but only the acid was derivatized. The total ion 
chromatograms (TICs) of the GC/MS analyses of the two OMVs pellet 
extracts and the control measurement are shown in Figure 2. Due to the 
low amount of material and the isolation process, various compounds 
present as contaminants were detected. Nevertheless, two compounds 
A and B were detected in larger amounts, not present in the control, and 
no additional compounds were detected in the silylated samples.

Comparison of the spectrum of compound A (linear gas 
chromatographic retention index (RI) 1,389) with the NIST 17 mass 
spectral library (2017) revealed (Z)-5-dodecenal (8) as the closest match. 
The RI was identical to the value reported by Marques et al. (2000), which 
reported the RIs of all possible positional isomers of dodecenal on an 
apolar DB-5 phase. Interestingly, all other dodecenals showed higher RI 
values, (Z)-4-dodecenal with RI 1393 being the closest isomer. 
Compound B (RI 1555) showed a mass spectrum that was similar to that 
of (Z)-5-dodecenoic acid (1), an acid found earlier in combined bound 
and unbound fatty acid analysis of D. shibae OMVs by Wang et al. (2021). 
None of the other reported OMV acids were identified. The structural 
proposals for compounds A and B were then confirmed by synthesis of 
reference compounds. Earlier experiments had shown that bacterial 
cultures of D. shibae did not release volatile A or other specific volatiles.

3.2. Syntheses of reference compounds

The unsaturated acid 1 was commercially available and thus used 
for verification. Derivatization with MSTFA gave trimethylsilyl (Z)-5-
dodecenoate (6) that proved to be identical with the silylated natural 
acid, thus confirming the identity of compound B as (Z)-5-
dodecenoic acid. Acid 1 was also reduced with LiAlH4 in quantitative 
yield to give (Z)-5-dodecen-1-ol (7), followed by a Parikh-Doering 
oxidation (Tojo, 2006) to arrive at the desired unsaturated aldehyde 
(Z)-5-dodecenal (8) with a yield of 84% (Figure 3). GC/MS confirmed 
the identity of 8 and compound A.

3.3. Inhibition of QS by (Z)-5-dodecenal 
and (Z)-5-dodecenoic acid

(Z)-5-Dodecenal (8) and the corresponding acid (Z)-5-
dodecenoic acid (1) were tested for their ability to inhibit QS 
mediated by acylated homoserine lactones (AHLs). A sensor strain 
whose QS mechanism is responsive to short-chain AHLs and a sensor 

A

B

FIGURE 2

Total ion chromatograms of a GC/MS analyses of two outer 
membrane vesicle extracts (blue and red upper traces) and a control 
sample of the medium (black lower trace). Compounds A and B and 
their structures are indicated.
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strain sensitive to long-chain AHLs (Riedel et al., 2001) were used. 
Since no activity was found against the short-chain sensor strain, 
these data are not reported here. To induce QS in the assay strain 
P. putida F117 (pKR12), three long-chain AHLs with different chain 
lengths and substitutions were used, namely C12-oxo-HSL, 
C14-oxo-HSL, and C16:1-HSL. They were applied at the lowest 
concentrations that resulted in maximum QS, namely 100 nM for 
C12-oxo-HSL and C14-oxo-HSL and 1 μM for C16:1-HSL. The test 
compounds 1 and 8 were applied at concentrations between 1 and 
100 μg/ml. The complete experiment was conducted twice.

Figure 4 shows that both compounds had similar QS inhibiting 
activity. The AHLs with different chain-lengths were inhibited at different 
concentrations. Inhibition of C12-oxo-HSL was the weakest, with only 
22.5 and 23.3% at 100 μg/ml of 8, and a slightly higher inhibition for 1 
(29.4 and 38.4%). At lower concentrations the inhibition was below 10%.

For C14-oxo-HSL, we found high inhibition at 100 μg/ml, namely 
85.0 and 80.1% for 8, and slightly lower inhibition for 1 (72.8 and 74.6%). 
At 50 μg/ml, the aldehyde 8 still showed 57% inhibition of QS, and the 
acid 1 39%. At lower concentrations of the test compounds, inhibition 
was below 10%, except for 1 at 10 μg/ml with 17.1% inhibition.

For C16:1-HSL the highest QS inhibition activity found was higher 
for 1 compared to 8. At 100 μg/ml of the test compounds, QS was 
inhibited by 93% by both test compounds. At 50 μg/ml of the test 
compounds, QS was still inhibited by 82.8% (8) and 80.2% (1). At 10 μM 
of 8, inhibition was still high (40.4 and 36.1%), and even higher for 1 
(67.7 and 74.4%). At 1 μM of test compounds, inhibition by 8 was below 
10% for both compounds, except for 1 in one experiment (20.2%).

To summarize, the QS inhibitory activity of both compounds 
increased with the chain-length of the AHL that was antagonized and 
was highest against C16:1-AHL. At a concentration of 10 μg/ml the 
aldehyde (Z)-5-dodecenal (8) inhibited the QS activity induced by 
this AHL on average by 38.2%, and the corresponding acid (Z)-5-
dodecenoic acid (1) inhibited QS by 70.5% on average.

4. Discussion

(Z)-5-Dodecenal (8) and (Z)-5-dodecenoic acid (1) were the only 
compounds identified by GC/MS analysis of OMVs. As described, 1 has 
been reported as a constituent of the total fatty acid content of the OMVs 

A

B

C

FIGURE 4

Inhibition of QS by volatiles from OMVs of Dinoroseobacter shibae. QS was induced in the sensor strain Pseudomonas putida F117 (pKRC12) by 3-oxo-
C12-HSL (A), 3-oxo-C14-HSL (B), or C16:1-HSL (C) and inhibition by (Z)-5-dodecenal (8) and (Z)-5-dodecenoic acid (1) is shown in % of control without 
inhibitor. The experiment for each QS inducer was performed twice (experiment 1 and experiment 2) and the inhibitor concentrations tested in the 
second experiment were sometimes modified based on the results found in the first experiment to provide a finer resolution. For example, for inducer 
3-oxo-C14-HSL (B) we did not test 1 μg/ml of inhibitor in the second experiment, because no activity was found in the first experiment, but tested 50 μg/
ml instead. Each QS test was conducted by measuring green fluorescence of the test strain P. putida F117 pKRC12 in 10 parallel wells under the 
respective condition every hour (except at night) for 24 h. For each timepoint, mean and standard deviation of inhibition from 10 replicate wells are 
provided in Supplementary Table S1 for both experiments. Here we show % inhibition after 24 h. Standard deviation is below 0.1% and therefore would 
not be visible on the graph. Inhibition of 100 nM 3-oxo-C12-HSL by 1 μg/ml of inhibitors was not measured. See methods for further details.

https://doi.org/10.3389/fevo.2023.1102159
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Koteska et al. 10.3389/fevo.2023.1102159

Frontiers in Ecology and Evolution 06 frontiersin.org

(Wang et al., 2021), but no other acids were detected. This indicates that 
1 indeed occurs as the sole free acid in the OMVs, in contrast to the other 
acids reported by Wang et al. that obviously are present in bound form, 
presumably mostly in the membrane phospholipids. Acid 1 has already 
been described from Rhodobacter capsulatus (Mayer et  al., 1996), 
Escherichia coli (Feng and Cronan, 2009) and other bacteria (Moss and 
Daneshvar, 1992). The volatile aldehyde 8 has not been reported from 
bacteria so far, but is known as a sex pheromone of moths, e.g., 
Gastropacha quercifolia (Bestmann et  al., 1993) and Dendrolimus 
punctatus (Zhao et al., 2004) and in the anal gland of the European rabbit 
(Goodrich et al., 1978). Its biosynthesis very likely starts from acid 1, 
either as free acid or conjugated to e.g., coenzyme A. Direct reduction 
would lead to 8, or alternatively first to the alcohol 7 that could 
be oxidized again. The latter pathway has been described in the moth 
G. quercifolia (Bestmann et al., 1993). Unsaturated aldehydes are known 
as defense compounds of diatom algae, e.g., Thalassosira rotula, where 
they are formed differently by lipoxygenases (Pohnert, 2005). The 
aldehyde group is highly reactive, being able to react easily with e.g., 
N-nucleophiles and is easyly oxidizable, in case of 8 back to acid 1.

We report here for the first time the presence of volatile compounds 
in OMVs. The OMV release seems to be a second mechanism by which 
bacteria can release VOCs, next to direct release into the gas phase or 
water phase (Weisskopf et al., 2021). The diffusion of volatiles both in the 
gas phase or water is usually fast. Such a fast dissipation of compounds 
is reduced by OMV, because they transport a locally high concentration 
of compounds within them. When OMVs open, maybe after integration 
into another cell or next to a target, a higher local concentration of their 
enclosed compounds is obtained, compared to undirected diffusion. 
Furthermore, the lipid surface may also be used for defined recognition 
processes, mediated by the OMV wall, which cannot be the case for 
freely diffusing VOCs.

The function of 8, and of the acid 1, for D. shibae is unclear, but 
several options exist. The inherent reactivity may suggest a defensive 
function against competitors, e.g., by interference with quorum-sensing 
systems of other bacteria or with other traits (Pepi et al., 2017). It may 
thus secure the symbiotic relationship with its host P. lima, reducing algal 
surface population by other bacteria (Rolland et al., 2016). Defensive 
aldehydes related to those of T. rotula have recently been reported from 
the dinoflagellate P. cordatum, related to the D. shibae host P. lima 
(Koteska et al., 2022). Therefore, release of the lipoxygenase generated 
dinoflagellate aldehydes and the fatty acid derived bacterial aldehydes 
may increase efficacy of bacteria control. On the other hand, 8 may also 
function as chemical signal transported by the OMVs to their target 
location, protected from degradation by the lipid layer. Known targets of 
bacterial VOCs can be the cell membrane, altering their fluidity and 
permeability, porin channels or directly the DNA, leading to DNA 
damage and altered gene expression (Weisskopf et al., 2021).

A different possibility is that 8 acts as oxidation inhibitor, 
securing the DNA content of the OMVs against oxidative degradation 
by reaction with oxygen, leading to acid 1. It would be interesting to 
see whether a reduction of 1 to 8 can take place within the OMVs. 
This would then be a circular protection system as long as enough 
energy is present within the OMVs.

5. Summary/Conclusion

In this study the major small molecule components of OMVs 
of D. shibae were identified as (Z)-5-dodecenoic acid (1) and the 

volatile (Z)-5-dodecenal (8). This aldehyde has not been described 
as a bacterial natural product so far and is the first volatile detected 
in OMVs. An additonal pathway for extracellular transport of 
bacterial volatiles has been detected, enhancing the commonly 
observed passive diffusion of VOCs in water or the gas phase. Both 
compounds showed QS inhibition in a in vitro assays against 
quorum sensing sensor strains. OMVs may be  involved in the 
transport of VOCs through the cell membrane to their 
target location.
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