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Abstract

The presence of hydrocarbon contaminants in the environment can cause significant damage. One environmentally
friendly method of reducing such contaminants is through bacterial bioremediation. Although many leaf colonizing
bacteria are known to produce surfactants, their potential for remediating hydrocarbon contamination has not been
explored. Therefore, the purpose is to investigate whether surfactants produced by leaf colonizing bacteria could
improve the degradation of hydrocarbons. Leaves possess a cuticle that consists of lengthy and extremely long chain
hydrocarbons. Moreover, cyclic hydrocarbons may also be present. Epiphytic bacteria commonly found on leaves, have
the potential to adapt and utilize these cuticle hydrocarbons. To investigate this, we conducted experiments to assess
the capacity of various phylogenetically distinct epiphytic bacteria to grow and thrive on diesel and petroleum benzine.
we collected sample from 5 different places Consequently, our findings suggest a widespread prevalence of hydrocarbon
degradation and surfactant production in epiphytic bacteria. However, it remains uncertain whether epiphytic bacteria
employ hydrocarbons derived from the cuticle of living leaves. The application of surfactant producing and hydrocarbon
utilizing epiphytic bacteria holds promise as a potential method for hydrocarbon bioremediation.
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The phyllosphere refers to the bacterial habitat present
on the above ground parts of plants [1]. Leaves make up the
majority of the phyllosphere and are coated with a hydrophobic
cuticle that is a composite structure of cutin, a polymer made up
of crosslinked aliphatics with very long chains, and cuticular
waxes, which are soluble aliphatics [2-3]. These waxes may be
impregnated within the cutin matrix or overlaying it, known as
intracuticular or epicuticular waxes, respectively [4-5]. The
primary purpose of intracuticular waxes is to limit non-stomatal
water loss, while epicuticular waxes serve to protect the leaf
from UV-B radiation and biotic stresses [4-6]. The waxes are
primarily made up of long-chain alkanes, primary and
secondary alcohols, aldehydes, ketones, and alkyl esters [7].

Leaves host a diverse microbiota that includes bacteria,
fungi, and oomycetes, with bacteria being the most abundant at
an average of 104 - 105 bacteria per mm? [8-9]. Previous studies
have found the presence of oil-degrading bacteria on the surface
of plant leaves and investigated the diversity of alkane
degradation genes in bacterial communities on leaf surfaces
[10]. However, it remains uncertain whether bacteria that
colonize leaf surfaces gain any fitness benefits by breaking
down aliphatic compounds on plant leaves. The hydrocarbons
present in the cuticle of leaves may serve as a source of carbon
and energy for microorganisms that colonize them, especially
bacteria. It has been estimated that there may be up to 1026
bacteria globally residing on plant leaves [11].

In order to facilitate the degradation of hydrocarbons,
bacteria have the ability to produce surfactants, which are
amphiphilic compounds [12-13]. These surfactants work by

reducing surface tension, leading to the accumulation of
insoluble compounds at the interface of immiscible fluids. This
increases the surface area and enhances the bioavailability and
degradation of hydrocarbons. Additionally, surfactants also
provide other fitness advantages to bacteria colonizing leaves
[14]. Previous studies have highlighted the ability of some
endophytic bacteria to degrade oil and its implications for plant-
based bioremediation approaches [15-22]. In the present study,
we evaluated the ability of 5 bacterial strains, which represent
the diversity of the leaf microbiota [23], to degrade common
hydrocarbons such as diesel and engine oil. We assessed the
prevalence of the ability to degrade hydrocarbons and the
production of surfactants.

MATERIALS AND METHODS

Nutrient agar, nutrient broth, Bushnell Haas broth BHB
was supplemented with diesel, Engine oil, or glucose, sucrose
and/or succinate depending on strain preference.

Sample collection

Plant leaves sample was collected from 5 different
places. It is washed with sodium hypochlorite, Methanol and
water. with the steril forceps the leaves were placed in the
growth media and it was incubated for 24 hours in 37 degree
Celsius. The culture is identified and isolated in the selective
media.

Hydrocarbon utilisation assay
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To measure hydrocarbon utilization by epiphytic
bacteria, 250 mL conical flasks containing 50 mL of BHB
supplemented with 1 % hydrocarbon substrate (diesel or
petroleum) were used as only carbon source. For positive
controls BHB was supplemented with 1% methanol, or 1% w
glucose, sucrose or succinate as sole carbon source. BHB
without additional carbon sources as negative control. Media
were inoculated with 0.5 mL of 100-times diluted overnight
cultures. Cultures were incubated at 30 °C and 200 revolutions
per minute (rpm) for up to 23 days. Cell density was measured
by doptical density at 600 nm (OD 600nm) every 48 hours using
a spectrophotometer. Non-inoculated BHB supplemented with
diesel or petroleum benzine served as control for
contaminations of the hydrocarbons and if the hydrocarbons
alone change the medium's absorbance. All treatments were
performed in three biological replicates

Atomized oil assay

The atomized oil assay was performed as previously
described. Briefly [24], grown bacterial colonies were
harvested from agar plates and suspended in 1 x phosphate
buffer saline. The OD600nm was adjusted to 0.5 with PBS and
2 uL of the suspension were pipetted onto NA, LBA or R2A
agar plates according to the strains’ optimal growth conditions.
Plates were incubated at 30° C for up to 5 days, depending on
the growth rate of the strains. A fine mist of light paraffin oil
was then applied onto the agar plates using an airbrush gun with
an air pressure of 100-140 KPa. As a positive control, 2 pL of

a 10% v/v Tween-20 solution was pipetted onto LBA.
Surfactant-producing bacteria exhibited visible halos where the
oil droplets reflected light differently due to the presence of
surfactants that changed the hydrophobicity of the agar
medium. Halos were visualized by using an indirect light source
and photographs of halos were taking using a dark field
illumination technique on a photo stage

Drop collapse assay

The drop collapse assay was performed as described
previously. Briefly, y [25] 2 puL of Magnatec 10W-40 oil
(Castrol) were pipetted into 47 each well of a 96-well plate lid
and were allowed to equilibrate for 2 hours to ensure that each
well was evenly coated. Bacterial overnight cultures were
centrifuged at 2600 x g for 10 minutes. 5 pL of the culture
supernatant were pipetted into the centre of an oil filled well.
Drops were observed for up to 5 minutes and the time to
collapse was determined. Drops that collapsed into the oil, i.e.
decreased their contact angle, were positive for surfactant
production while drops that remained intact and stayed on top
of the oil were negative for surfactant production

RESULTS AND DISCUSSION

Drop collapse assay

Drops that fell into the oil had a smaller contact angle
and produced more surfactant.
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Fig 1 Drop collapse assay

Atomized oil assay

The presence of amphiphilic chemicals was found when
bacterial colonies were sprayed with a fine mist of paraffin oil,
altering the reflection of oil droplets onto agar plates.

Hydrocarbon utilization assay

Using a spectrophotometer, the optical density at 600 nm
(OD 600 nm) was measured every 48 hours to determine cell
density. The result indicates the use of hydrocarbon in both
engine oil and diesel by raising the OD value.

Previous research has established that plant leaves
bacteria capable of breaking down hydrocarbons, as

demonstrated by hydrocarbon assays [26]. The findings
presented here offer additional support, revealing that the
epiphytic microbiota consists predominantly of hydrocarbon-
degrading bacteria with the capacity to break down
environmental hydrocarbons.

CONCLUSION

Bacteria that can use hydrocarbons and produce
surfactants are widespread on the surfaces of leaves, indicating
that this trait might be advantageous in the phyllosphere nearly,
every species that made surfactants had the ability to degrade



engine oil and fuel. It is yet unknown if these bacteria are able  the widespread presence of bacteria on leaf surfaces that can
to break down hydrocarbons using the many long chain produce surfactants and potentially degrade hydrocarbons
aliphates that comprise the cuticle and the waxes on the cuticle. suggests a fascinating ecological interplay.
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Fig 2 Atomized oil assay Fig 3 Hydrocarbon utilization assay
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