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ABSTRACT

Vibrio spp. are pathogens of many bacterial diseases which have
caused great economic losses in marine aquaculture. The strategy
of alternative medical treatment that is utilised by herbalists has
expanded in the past decade. The aim of our study is to discover the
antibacterial molecules against Vibrio spp. Bacterial growth inhibition,
membrane permeabilisation assessment and DNA interaction assays,
as well as agarose gel electrophoresis, were employed to elucidate the
antibacterial activity of hydroxytyrosol acetate. Results showed that
hydroxytyrosol acetate had antibacterial activity against Vibrio spp. and
it played the role via increasing bacterial membrane permeabilisation.
The DNA interaction assay and agarose gel electrophoresis revealed
that hydroxytyrosol acetate interacted with DNA. Hydroxytyrosol
acetate enhanced the fluorescent intensity of DNA binding molecules
and mediated supercoiled DNA relaxation. The present study provides
more evidence that hydroxytyrosol acetate is a novel antibacterial
candidate against Vibrio spp.
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1. Introduction
Vibrio spp., Gram-negative bacteria, are the pathogens of many bacterial diseases and these
diseases such as septicemia of pseudosciaena crocea and red appendages disease of prawn;
red appendages disease of prawn have caused great economic losses in marine aquaculture.
Although the use of antibiotic has partially solved the problem of Vibrio infections, it has
raised other problems, such as drug resistance and environmental contamination and food
safety. To overcome these problems, it is necessary to discover safer and more effective
antibacterial drugs with minimal risks to human and environmental health.
Olive leaves (Olea europaea L.) are used in the folk medicine of the Mediterranean region
to treat fever and other diseases (El and Karakaya 2009). It is reported that olive leaves have
antioxidant, hypoglycemic, antihypertensive, antimicrobial, anti-tumoral, antiatherosclerotic
and antiviral, including anti-HIV, properties (Rahmanian et al. 2015). Oleuropein and its derivatives, such as hydroxytyrosol and tyrosol, may have antimicrobial effects (Báidez et al. 2007).
Kalaiselvan et al. (2015) found that olive oil and its phenolic constituent tyrosol could attenuate dioxin-induced toxicity via an antioxidant-dependent mechanism. (Brahmi et al. 2012)
reported that the antimicrobial activity of olive leaves is related to their terpene content;
terpenes act by disrupting cell membranes. (Sudjana et al. 2009) found that olive leaf extracts
selectively reduce levels of Campylobacter jejuni and Helicobacter pylori to regulate the composition of gastric flora. Although more and more researchers have recently paid attention
to the antibacterial activity of olive leaves, the material basis and mechanism of action of
this activity are not fully understood.
The aim of our study is to discover the antibacterial molecules that are responsible for
the antibacterial activity of olive leaves, as well as to investigate the mechanisms of action
of these compounds. In our screening programme, we found that hydroxytyrosol acetate
(Figure S1) has significant antibacterial activity, which has not been reported in previous
studies.

2. Results and discussions
The strategy of alternative medical treatment that is utilised by herbalists has expanded in
the past decade. The antibacterial activities of many plants have been reported (Tiwari
et al. 2009) and are attributed to compounds like butanol, unsaturated long-chain aldehydes,
peptides, essential oils, alkaloids and phenols (Zielińska and Matkowski 2014). These compounds have potential therapeutic applications against Vibrio diseases (Samad et al. 2014;
Wu et al. 2015).
The assay revealed that hydroxytyrosol acetate from olive leaves has antibacterial activity
against Vibrio spp. (Figure S2, Table S1). This antibacterial activity of hydroxytyrosol acetate
is a novel finding. The MIC and MBC of hydroxytyrosol acetate against V. parahemolyticus
were 39 μg/mL and 78 μg/mL, respectively (Table S2). (Bisignano et al. 1999) reported that
hydroxytyrosol and oleuropein from olive leaves had antibacterial activity in the previous
study.
Hydroxytyrosol acetate could inhibit the growth of V. parahemolyticus. Treatment with
80 μg/mL hydroxytyrosol acetate almost completely stopped bacterial growth during incubation (Figure S3). The PI staining assay results suggested that hydroxytyrosol acetate
increases membrane permeabilisation in V. parahemolyticus (Table S3). Loss of membrane
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integrity has also been reported in several antibacterial agents, including 2R,
3R-Dihydromyricetin and Microcin E492. These compounds usually lead to the leakage of
cellular constituents, such as soluble proteins and carbohydrates (Destoumieux-Garzón
et al. 2003; Wu et al. 2017). Our study provides more evidence that affecting the integrity of
the cell membrane is one of the main mechanisms for antibacterial agents.
Many antibacterial agents interact with DNA molecules (Bolhuis and Aldrich-Wright 2014).
The absorption spectra are the most common means to examine the interaction between
antibacterial agents and DNA. The UV–vis spectrum of ctDNA showed maximum absorption
at 260 nm, whereas hydroxytyrosol acetate alone had relatively low absorption. However,
when hydroxytyrosol acetate was added to the ctDNA solution, the UV–vis spectrum
changed, which indicated that hydroxytyrosol acetate and ctDNA interacted with each other
(Figure S4). DAPI, AO and Hoechst3325, DNA binding agents, can interact with DNA molecules (Nafisi et al. 2007; Palchaudhuri and Hergenrother 2007; Banerjee and Pal 2008). The
assay results showed that hydroxytyrosol acetate enhanced the fluorescence intensities of
the DAPI–DNA complex, the AO–DNA complex and Hoechst33258–DNA complex (Figure
S4). Moreover, the results of the supercoiled DNA relaxation assay suggested that hydroxytyrosol acetate mediates the relaxation of supercoiled DNA (Figure S5). In our previous report,
we found that BDDE might display antibacterial activity by interacting with DNA. The compound could change the structure of DNA, and then affect its biological function by interacting with DNA (Liu et al. 2012). Our study reveals that interacting with DNA is also an
important mechanism for antibacterial agents.

3. Conclusions
In conclusion, the present study reveals that hydroxytyrosol acetate displays inhibition
against Vibrio spp. Hydroxytyrosol acetate inhibits the growth of V. parahemolyticus, and
destroys the integrity of the bacterial membrane. Hydroxytyrosol acetate interacts with DNA
and both the membrane disruption effect and the DNA binding activities may contribute
to the antibacterial activity of hydroxytyrosol acetate. Therefore, hydroxytyrosol acetate may
serve as a novel antibacterial candidate.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
This work was supported by the National Natural Sciences Foundation of China under [grant number
21505143]; Qingdao Science and Technology Project under [grant number 15-8-2-6-hy]; and the STS
Program of the Chinese Academy of Sciences under [grant number KFJ-SW-STS-146].

References
Báidez AG, Gómez P, Del Río JA, Ortuño A. 2007. Dysfunctionality of the xylem in Olea europaea L. Plants
associated with the infection process by Verticillium dahliae Kleb. Role of phenolic compounds in
plant defense mechanism. J Agric Food Chem. 55:3373–3377.

1970

J. WEI ET AL.

Banerjee D, Pal SK. 2008. Dynamics in the DNA recognition by DAPI: exploration of the various binding
modes. J Phys Chem B. 112:1016–1021.
Bisignano G, Tomaino A, Cascio RL, Crisafi G, Uccella N, Saija A. 1999. On the in-vitro antimicrobial
activity of oleuropein and hydroxytyrosol. J Pharm Pharmacol. 51:971–974.
Bolhuis A, Aldrich-Wright JR. 2014. DNA as a target for antimicrobials. Bioorg Chem. 55:51–59.
Brahmi F, Flamini G, Issaoui M, Dhibi M, Dabbou S, Mastouri M, Hammamoi M. 2012. Chemical
composition and biological activities of volatile fractions from three Tunisian cultivars of olive leaves.
Med Chem Res. 21:2863–2872.
Destoumieux-Garzón D, Thomas X, Santamaria M, Goulard C, Barthélémy M, Boscher B, Bessin Y, Molle G,
Pons AM, Letellier L, et al. 2003. Microcin E492 antibacterial activity: evidence for a TonB-dependent
inner membrane permeabilization on Escherichia coli. Mol Microbiol. 49:1031–1041.
El SN, Karakaya S. 2009. Olive tree (Olea europaea) leaves: potential beneficial effects on human health.
Nutr Rev. 67:632–638.
Kalaiselvan I, Dicson SM, Kasi PD. 2015. Olive oil and its phenolic constituent tyrosol attenuates dioxininduced toxicity in peripheral blood mononuclear cells via an antioxidant-dependent mechanism.
Nat Prod Res. 29:2129–2132.
Liu M, Zhang W, Wei J, Qiu L, Lin X. 2012. Marine bromophenol bis (2,3-dibromo-4, 5-dihydroxybenzyl)
ether, induces mitochondrial apoptosis in K562 cells and inhibits topoisomerase I in vitro. Toxicol
Lett. 211:126–134.
Nafisi S, Saboury AA, Keramat N, Neault JF, Tajmir-Riahi HA. 2007. Stability and structural features of DNA
intercalation with ethidium bromide, acridine orange and methylene blue. J Mol Struct. 827:35–43.
Palchaudhuri R, Hergenrother PJ. 2007. DNA as a target for anticancer compounds: methods to
determine the mode of binding and the mechanism of action. Curr Opin Biotechnol. 18:497–503.
Rahmanian N, Jafari SM, Wani TA. 2015. Bioactive profile, dehydration, extraction and application of
the bioactive components of olive leaves. Trends Food Sci Tech. 42:150–172.
Samad AP, Santoso U, Lee MC, Nan FH. 2014. Effects of dietary katuk (Sauropus androgynus L. Merr.)
on growth, non-specific immune and diseases resistance against Vibrio alginolyticus infection in
grouper Epinephelus coioides. Fish Shellfish Immunol. 36:582–589.
Sudjana AN, D’Orazio C, Ryan V, Rasool N, Ng J, Islam N, Riley TV, Hammer KA. 2009. Antimicrobial activity
of commercial Olea europaea (olive) leaf extract. Int J Antimicrob Agents. 33:461–463.
Tiwari BK, Valdramidis VP, O’Donnell CP, Muthukumarappan K, Bourke P, Cullen PJ. 2009. Application
of natural antimicrobials for food preservation. J Agric Food Chem. 57:5987–6000.
Wu CC, Chang YP, Wang JJ, Liu CH, Wong SL, Jiang CM, Hsieh SL. 2015. Dietary administration of Gynura
bicolor (Roxb. Willd.) DC water extract enhances immune response and survival rate against Vibrio
alginolyticus and white spot syndrome virus in white shrimp Litopeneaus vannamei. Fish Shellfish
Immunol. 42:25–33.
Wu Y, Bai J, Zhong K, Huang Y, Gao H. 2017. A dual antibacterial mechanism involved in membrane
disruption and DNA binding of 2R, 3R-dihydromyricetin from pine needles of Cedrus deodara against
Staphylococcus aureus. Food Chem. 218:463–470.
Zielińska S, Matkowski A. 2014. Phytochemistry and bioactivity of aromatic and medicinal plants from
the genus Agastache (Lamiaceae). Phytochem Rev. 13:391–416.

