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Introduction

Mannosylerythritol Lipids (MELs) are a group of biosurfactants known
for their unique structure and multifaceted applications. Derived primarily
from yeast species such as Pseudomonas and Candida, MELs consist of
a hydrophobic fatty acid tail and a hydrophilic sugar moiety composed of
mannose and erythritol. This combination imparts them with exceptional
surface activity and makes them suitable for various industrial applications,
including bioremediation, pharmaceuticals, and cosmetics. This paper
explores the potential uses, effective manufacturing processes, and genetic
foundations of MELs. MELs possess excellent surface-active properties,
making them effective agents for environmental bioremediation. They can
enhance the solubility of hydrophobic pollutants, thereby facilitating their
degradation. For instance, MELs have shown promise in oil spill remediation
by emulsifying oil, which increases the efficiency of microbial degradation.
Additionally, MELs can be employed in soil remediation processes to
remove heavy metals and other toxic substances due to their metal-binding
capabilities.

Description

In the pharmaceutical industry, MELs are valued for their antimicrobial,
anti-inflammatory and anti-tumor properties. Their ability to disrupt microbial
cell membranes makes them potent antimicrobial agents against a broad
spectrum of pathogens, including bacteria, fungi, and viruses. This property
is particularly useful in developing new antibiotics and antifungal treatments.
Moreover, MELs have demonstrated anti-inflammatory effects by inhibiting
pro-inflammatory cytokines, presenting a potential therapeutic avenue for
inflammatory diseases. Research has also indicated that MELs can induce
apoptosis in cancer cells, suggesting their utility in cancer treatment. MELs
are increasingly popular in the cosmetic industry due to their natural origin,
biodegradability, and skin-compatible properties. They function as emulsifiers,
stabilizers, and moisturizers in various formulations, including creams,
lotions, and shampoos. MELs enhance the delivery of active ingredients,
improve skin hydration, and maintain the stability of cosmetic products. Their
mild nature makes them suitable for sensitive skin, broadening their appeal in
the personal care market [1].

In the food industry, MELs serve as emulsifying agents, stabilizers, and
preservatives. Their ability to form stable emulsions makes them ideal for
applications in dairy products, sauces, and dressings. Furthermore, their
antimicrobial properties help in extending the shelf life of food products by
inhibiting the growth of spoilage organisms. MELs also contribute to the
texture and mouthfeel of food products, enhancing their sensory attributes.
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The production of MELSs is primarily achieved through microbial fermentation,
utilizing yeast strains such as Candida antarctica and Pseudomonas
aeruginosa. The choice of microbial strain is critical as it influences the yield
and composition of MELs [2]. The fermentation process involves the cultivation
of these microorganisms in a suitable medium containing carbon and nitrogen
sources. Various factors such as pH, temperature, and oxygen availability are
optimized to maximize MEL production. The selection of substrates plays
a significant role in the cost-effectiveness of MEL production. Renewable
substrates such as vegetable oils, waste frying oils, and industrial by-products
are preferred due to their low cost and sustainability. These substrates not
only reduce production costs but also contribute to waste valorization, aligning
with the principles of a circular economy [3].

The recovery and purification of MELs from fermentation broth involve
several steps. Initially, cell biomass is separated through centrifugation
or filtration. The supernatant containing MELs is then subjected to solvent
extraction, typically using organic solvents like ethyl acetate or chloroform.
Further purification is achieved through techniques such as column
chromatography and crystallization, ensuring the removal of impurities and
obtaining high-purity MELs. Scaling up the production of MELs from laboratory
to industrial scale poses several challenges, including maintaining consistency
in product quality and yield. Process parameters established at the laboratory
scale need to be meticulously scaled up, considering factors such as mixing,
heat transfer, and mass transfer. Additionally, the economic feasibility of large-
scale production depends on the cost of raw materials, process efficiency, and
market demand for MELs. Successful commercialization requires a thorough
understanding of these factors and continuous optimization of the production
process [4].

The biosynthesis of MELs is a complex process involving several
enzymatic reactions. The key enzymes responsible for MEL production
include mannosyltransferase, erythritol kinase and acyltransferase. These
enzymes catalyze the sequential addition of sugar moieties and fatty acids,
forming the distinctive structure of MELs. Understanding the biosynthetic
pathway is crucial for genetic engineering efforts aimed at enhancing
MEL production. Advancements in genetic engineering have opened new
avenues for optimizing MEL production. Techniques such as gene cloning,
overexpression, and knockout of specific genes can significantly impact the
yield and composition of MELs. For example, overexpressing genes encoding
key biosynthetic enzymes can enhance the production rate, while knocking out
competing pathways can increase substrate availability for MEL biosynthesis.
Additionally, metabolic engineering approaches can be employed to redirect
metabolic fluxes towards MEL production, improving overall process efficiency.
Traditional methods of strain improvement, such as random mutagenesis
and adaptive laboratory evolution, have been employed to develop high-
yielding yeast strains. These methods involve exposing microbial cultures
to mutagenic agents or selecting for desirable traits under specific growth
conditions. However, these approaches are often time-consuming and yield
unpredictable results. Modern techniques such as CRISPR-Cas9 mediated
genome editing offer precise and efficient tools for strain improvement,
allowing targeted modifications to enhance MEL production [5].

Conclusion

Continued advancements in biotechnology, metabolic engineering, and
synthetic biology hold great promise for overcoming the current limitations in
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processing. Advances in genetic engineering and synthetic biology offer
exciting opportunities for enhancing MEL production and developing high-
yielding microbial strains. However, challenges related to economic viability,
regulatory compliance, and environmental impact need to be addressed for
the widespread adoption of MELs. Continued research and technological
advancements will play a crucial role in realizing the full potential of MELs and
contributing to a sustainable future.

Acknowledgement

None.

Conflict of Interest

There are no conflicts of interest by author.

References

1. Su, Xuegian, Fengfeng Wu, Yuging Zhang and Na Yang, et al. "Effect of organic
acids on bread quality improvement." Food Chem 278 (2019): 267-275.

How to cite this article: Huang, Davies. “Potential Use, Effective Manufacturing
and Genetic Foundation of Mannosylerythritol Lipids.” Human Genet Embryol
15 (2024): 246.

2. Venkataraman, Swethaa, Devi Sri Rajendran and Vinoth Kumar Vaidyanathan. "An
insight into the utilization of microbial biosurfactants pertaining to their industrial
applications in the food sector." Food Sci Biotechnol 33 (2024): 245-273.

Page 2 of 2


https://www.sciencedirect.com/science/article/pii/S0308814618319435
https://www.sciencedirect.com/science/article/pii/S0308814618319435
https://link.springer.com/article/10.1007/s10068-023-01435-6
https://link.springer.com/article/10.1007/s10068-023-01435-6
https://link.springer.com/article/10.1007/s10068-023-01435-6
https://www.mdpi.com/2076-3921/10/9/1472
https://www.mdpi.com/2076-3921/10/9/1472
https://link.springer.com/article/10.1007/s00253-018-9160-9
https://link.springer.com/article/10.1007/s00253-018-9160-9
https://www.sciencedirect.com/science/article/pii/S0960852420314966
https://www.sciencedirect.com/science/article/pii/S0960852420314966
https://www.sciencedirect.com/science/article/pii/S0960852420314966

