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Each metabolite, regardless of its molecular simplicity or complexity, has a mission or function in the organism
biosynthesizing it. The biological, allelochemical, and chemical properties of acetophenone, as a metabolite

involved in multiple interactions with various (mi-cro)organisms.

acetophenones secondary metabolites toxicity Biosynthesis repellent attractant

ketone natural molecules.

| 1. Introduction

In a broad context, nature provides us with various “typical” life components, such as air, water, and food,
enhancing our well-being and generously giving us the essentials for our survival. Reducing the focus to a scientific
level, nature teaches us, sparks creativity, and improves problem-solving skills. One of the most valuable gifts from
nature, i.e., from all living (micro)organisms, is diverse natural products with complex molecular architectures,
sophisticated mechanisms of action, and extraordinary biopotentiality that can be converted into innovative leads or
drugs W, However, each complex or simple molecule generated in nature acts as a metabolite for survival and

reproduction, functioning as a small screw in the machinery of the biological systems of living organisms.

While primary metabolites have essential metabolic roles in nutrition and reproduction, secondary metabolites are
nonessential to life but contribute to the suitability of the species for survival. Low-molecular-weight compounds,
called small molecules, are often involved in defense mechanisms B4l j.e., the protection of vegetable or animal
organisms against biotic or abiotic stresses, and are used as special chemicals, such as drugs, flavors, fragrances,
insecticides, and dyes, by humans owing to their great economic value. In this minireview, one specific small
molecule will be discussed—acetophenone (1) (Figure 1). Acetophenone has earned this honor due to its
importance in chemical, ecological, biological, and medicinal areas of science owing to its extraordinary and
irreplicable chemical, biological, pharmacological, and allelochemical properties.

https://encyclopedia.pub/entry/40377 1/11



Traveling Across Life Sciences with Acetophenone | Encyclopedia.pub

Opposite bioeffects of acetophenones on insect vectors
\ ( Aedes albopictus \ ( Aedes albopictus \ (

S5 /S \\,
Repellent Repellenf

Repellent
Glossina spp.

4 | Attractant l Repellents
%\ Aedes aegypti % ‘ ‘ Anopheles gambiae

Sleeping sickness Dengue, chikungunya Malaria
Nagana Zika disease

Figure 1. Structures and opposite bioeffects of acetophenone (1) and its derivatives 2 and 3 on insect vectors of
dangerous tropical infectious diseases, including malaria, sleeping sickness, chikungunya, dengue, and Zika virus,

transmitted by mosquitoes, flies, or ticks.

2. Acetophenone Is One of the Most Interesting Players in
Skin Microbiota Manipulation by Vector-Borne Parasites
Found in Animal-Feeding Insects

In July 2022, Cheng et al. reported that acetophenone released from the skin microbiota of flavivirus-infected hosts
(mice and patients with dengue fever) acts as a potent attractant for Aedes mosquitoes, which are vectors for
dengue (DENV2), chikungunya (CHIKV), and Zika (ZIKV) virus transmission, thereby increasing flavivirus
transmission to aggravate dengue, chikungunya, and Zika diseases [2!. Aedes mosquitoes prefer to feed on mice
infected by dengue and Zika viruses due to the released acetophenone compared to uninfected mice in control
groups, in which acetophenone is absent. Female Aedes aegypti (Ae. aegypti) and Aedes albopictus (Ae.
albopictus) mosquitoes were tested in these experiments, which showed that flaviviruses can stimulate the
proliferation of acetophenone-producing skin commensal bacteria (especially the Bacillus genus) by suppressing
the expression of the essential antimicrobial resistin-like molecule-a (RELMa) protein that protects against
pathogenic bacterial skin infections, thereby killing the microbes. In particular, viruses can change host odors to

attract mosquitoes.

It is worth noting that the use of isotretinoin, a naturally occurring retinoic acid and a vitamin A derivative, reduces
attractiveness to mosquitoes through the activation of the expression of the RELMa protein in the skin of flavivirus-
infected animals . This interesting and important finding caught the attention of scientists who made brief but
substantial and picturesque comments on Cheng’s work in prestigious journals such as Science € Nature
Reviews Microbiology [, and Cell 1. Regardless, researchers wanted to examine this simple ketone from the

perspective of synthetic and applied organic chemistry and chemical ecology fields.
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It should be noted that the connection between the skin microbial population and attractiveness to mosquitoes and
other blood-sucking insects has been studied, for example, in the African malaria mosquito Anopheles gambiae
(An. gambiae) (infected with Plasmodium falciparum sporozoites), which plays an important role in malaria
transmission RILIILLI2I and the triatomine bug Rhodnius prolixus, which is the main vector transmitting the
parasite Trypanosoma cruzi, the causative agent of Chagas disease 1314 Their host-seeking behavior is
influenced by host scents, i.e., appropriate concentrations of volatile odors (a mixture of molecules, so-called
molecular stimuli, such as ammonia, isobutylamine, acetone, lactic acid, isobutyric acid, and CO,) (13] present in

human (or animal) skin microflora that can activate, attract, and even repel these blood-sucking insects.

Blood-sucking insects have excellent sensory abilities for detecting and following the physical and chemical signals
(semiochemicals) emitted by their hosts; Aedes mosquitoes are not an exception. Cheng’s work & showed that the
volatile acetophenone in the host skin microbiota produced a considerable electrophysiological response
detectable by the antenna of Ae. aegypti, and thus, high levels of acetophenone attracted more mosquitoes than
uninfected mice and healthy individuals in control groups. Nevertheless, close derivatives of acetophenone (1), 4-
ethylacetophenone (2), and 4-ethoxyacetophenone (3) (Figure 1) had repellent effects on the malaria mosquito
An. gambiae 12I13],

Moreover, acetophenone (1) and its para-ethyl analog 2 were found to exhibit significant repellency for the male
Asian tiger mosquito, Ae. albopictus, but only at a high concentration (1072) 28], The latter metabolite has been
described as a male-swarming aggregation pheromone for Ae. aegypti mosquitoes 7, which increases female
attraction and mating success. However, none of the three acetophenone derivatives 1-3 were identified among
specific semiochemicals, i.e., acetoin (3-hydroxy-2-butanone), sulcatone (6-methyl-5-hepten-2-one), octanal,
nonanal, and decanal, released from the males of Anopheline species—Anopheles arabiensis and An. gambiae

(18] Such pheromones can remarkably manipulate these highly dangerous insects.

On the other hand, acetophenone (1) was found to be an effective repellent in field experiments 22 for tsetse flies
(Glossina spp.) infected by Glossina hytrosavirus, the primary vector of African trypanosomes, which cause human
African trypanosomosis (HAT or sleeping sickness) and African animal trypanosomosis (AAT or nagana) 29,
Recently, it was reported that acetophenone-containing Zebra skin odor repels the savannah tsetse fly [211122]
confirming previous results from field experiments 2. Therefore, the diametrically opposite bioeffects of
acetophenone (1) mentioned above could be used in the control and prevention of heralded diseases. This volatile
ketone could be a suitable biomarker for detecting pathogens that actively manipulate host odors. However, the
development of these volatile-based diagnostics, which use the “signal” of disease and the background “noise” of
genetic and environmental variations, is still in its infancy 2324l On the other hand, odor-bait technology as a
surveillance and control tool for insect vectors, such as tsetse flies or Aedes mosquitoes, has been promoted as a
new and viable component of the integrated vector management program [23l28127] | this context, some extracts
and essential oils from aromatic plants could be more advantageous in the biological control of pest insects.

Nonetheless, there is some skepticism over this aspect [28],
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Another analog of acetophenone, i.e., 2-aminoacetophenone, secreted by Pseudomonas aeruginosa, which is a
ubiquitous opportunistic human pathogen, can facilitate attraction to food for several fly species, including Musca

domestica, Ceratitis capitata, and Drosophila melanogaster 29,

3. Acetophenone Is a Prolific Semiochemical for Plant-
Feeding Insects in Complex Interspecific Communication

Investigations on the involvement of plant volatiles in the feeding attraction behavior of mosquitoes were conducted
before Chang’s work . Mosquitoes visit flowers for nectar and may, in turn, act as pollinators for plants 2%, Like
animal skin microflora, the composition of the inflorescence odor of plants can be an attractant or a repellent for

mosquitoes B4,

Gonzalez-Audino et al. demonstrated that freshly cut inflorescences of the perennial herb “alyssum” Lobularia
maritima (Cruciferae) stimulated a positive flight response in both sexes of Ae. Aegypti 2. Moreover,
acetophenone and four other compounds (1-octanol, 2-phenylethanol, benzyl cyanide, and benzyl isothiocyanate)
were identified from the headspace of Lobularia maritima (L. maritima) by direct comparison with analytical
standards. By testing the flight preference toward single synthetic compounds identified in the headspace of L.
maritima, the researchers showed that acetophenone (1) was the first plant-derived compound that elicited positive

flight behavior in Ae. aegypti (Figure 2).

Different chemostimuli of acetophenones in plants
Aedes aegypti

Wasp
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Figure 2. Different chemostimuli of acetophenones 1 and 2 in L. maritima and Citrus sinensis; multitrophic
interactions between plants, herbivores, and their natural enemies, in which acetophenones act as attractant and

repellent semiochemicals.

Note that this volatile compound is present in the whole plant, which is likewise attractive to the female

Diachasmimorpha longicaudata wasp, which is a solitary larval endoparasitoid of Caribbean fruit flies (Anastrepha
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suspensa) and a major fruit pest that occurs in the New World tropics and subtropics 23 however, while the males
of this species can recognize ketone 1, it did not elicit a behavioral response 4. \Volatiles of Alyssum selectively
attract and enhance the performance of another larval parasitoid (Cotesia vestalis) of the diamondback moth
(Plutella xylostella), which is one of the most important pests in cruciferous plants worldwide B2, Therefore, this
acetophenone-containing plant, rich in nectar, which is the main sugar source for mosquitoes, could be a good

candidate for use as a trap crop for these pest insects, achieving successful biological control.

Regarding coniferophagous bark beetles of the Dendroctonus genus, important damaging insect pests of pines,
acetophenone (1) was identified in the volatiles of females of three species—Dendroctonus pseudotsugae (D.
pseudotsugae), Dendroctonus ponderosae, and Dendroctonus rufipennis. However, it was found that
acetophenone reduced only the response of female D. pseudotsugae to the attractive bait. This suggests that
acetophenone (1) could serve as a repellent kairomone during host selection B8, Other species, Dendroctonus
frontalis B2 and Dendroctonus brevicomis [B8l39l1401 aiso produce ketone 1, described by the researchers as an
antiattractant compound that inhibits the attraction of conspecifics. Interestingly, these aggressive tree-killing bark
beetles can rapidly colonize their host by producing an aggregation pheromone, which can be regulated by
acetophenone-based multicomponent blends. It is interesting to note that other pest beetles are addicted to
acetophenone, which had a positive impact on the weight and multiplication of the red flour beetle (Tribolium
castaneum), a worldwide pest of stored products, and the tobacco beetle (Lasioderma serricorne), one of the most
widespread and damaging pests for the tobacco industry, when they were treated with acetophenone-containing
cultures that deter the beetles from feeding well, which affected their growth, and thus, acetophenone exhibits
antifeedant properties in this case 21, Acetophenone is also involved in complex interactions between fungal
symbionts of the ambrosia beetle Platypus cylindrus and the cork oak (Quercus suber), an interesting plant that is
the primary source of cork for wine bottle stoppers. These interactions are linked to the cork oak decline process. It
was found recently that strains of fungal associates of P. cylindrus, which is a major cork oak pest in Portugal,
induced an increase in volatiles known for mediating ambrosia beetle behavior (mainly acetophenone, sulcatone,
and nonanal) in response to fungal inoculation. This may help to elucidate the mutualistic or pathogenic aspects of

these complex symbiotic interactions and develop new control strategies for P. cylindrus 42,

The floral scent of Antirrhinum majus pseudomajus (A. majus pseudomajus), a wild subspecies of snapdragon,
also contains acetophenone as the main component, contributing over 69% of the absolute emissions of this plant.
Suchet et al. showed that bumblebees (Bombus terrestris), flower visitors in the Antirrhinum genus, innately
avoided A. majus pseudomajus, taking care of their fragile existence. Therefore, acetophenone (1) again turned
out to be a repellent compound ¥, |t seems that 4-ethylacetophenone (2), present as a minor constituent in the
peels of navel oranges (Citrus sinensis), could also be involved in complex interrelationships with the

Mediterranean fruit fly, Ceratitis capitata, eliciting a significant voltage spike in females but not in males (Figure 2)
144,

Moreover, acetophenone is the major component (51%) of the volatile oil of Pogostemon heyneanus (Indian

patchouli) leaves 3 which could be useful for odor-bait technology. This oil also showed antibiofilm and
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antivirulence effects against Streptococcus pyogenes, an important human pathogen that causes several

superficial infections and invasive diseases 48,

| 4. Biogenesis: How Can Acetophenone Be Formed In Vivo?

Acetophenone is one of the secondary metabolites and could be classified as a phenolic Cg—C, metabolite
according to its basic skeleton. As mentioned previously in the Historical Background section, acetophenone is a
volatile organic compound and a polar, lipophilic liquid (¢ = 17.40; y = 3.05 D; logP = 1.58) with a low molecular
weight (MW = 120.15 g-mol™1) 11481 |ts physical properties allow acetophenone to freely cross cellular

membranes and be released into the surrounding environment.

Phenolic compounds are ubiquitously present in the plant kingdom but are less common in bacteria, fungi, and
algae 9. Generally, plant phenolics are believed to act as defense compounds against herbivores, microbes,
viruses, and compelling plants or as signal compounds to attract pollinating or repel seed-dispersing animals,
mainly insects. They are mainly synthesized via the shikimate pathway BB which is present in bacteria, fungi,
and plants but is absent in animals. It provides phenylalanine (Phe) and tyrosine (Tyr), precursors of the
corresponding cinnamic derivatives. In particular, Phe is obtained from the conversion of phosphoenolpyruvate
(PEP) via the glycolysis pathway and erythrose 4-phosphate (E4-P) via the pentose phosphate pathway into
chorismite via 3-deoxy-D-arabino-heptulosonate-7-phosphate (DAHP) through DAHP synthase (DAHPS; EC
2.5.1.54). Furthermore, the well-known and widely distributed enzyme L-phenylalanine ammonia lyase (PAL; EC
4.3.1.5) deaminates Phe to trans-cinnamic acid (CA) 22 (Figure 3).

H,0,PO Plasmid
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HO COOH COOH
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H,03;P0__COOH

) HH &
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Figure 3. Simplified shikimate pathway of L-Phe from PEP and E4-P, and the [-oxidative pathway of

acetophenone (1) from CA in flowers of tea plants and fungus Bjerkandera adusta.

Notably, Phe biosynthesis occurs in plastids, and its further conversion to volatile compounds, such as
acetophenone, occurs outside this organelle, especially in the peroxisome, a small membrane-enclosed oxidative
vesicle. The detailed bio-origins of acetophenone are still unclear BYIBUB2 |t js known that trans-CA can
subsequently be hydroxylated to B-hydroxy-phenyl propionic acid (HPPA) and then to B-oxo-phenyl propionic acid
(OPPA), which can be degraded into acetophenone. This biosynthetic pathway, called the B-oxidative pathway 23],
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was proposed for the fungus Bjerkandera adusta by Lapadatescu et al. 4 and explored by Dong et al. in the

flowers of tea plants (C. sinensis) B2, Notably, although the enzymes involved in these reactions have not yet been

identified, this natural route to acetophenone is a very significant model to follow and could help develop new

industrial methods for this valuable ketone based on nonpetrol sources.
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