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Abstract ; This article delves into the development and application of biotechnology in the realm of mineral
resource exploitation, with the aim of identifying the primary challenges and charting future directions. Traditional
methods of mineral exploitation are encumbered by a host of issues. High costs are a major concern, as the
extraction, processing, and transportation of minerals often demand substantial financial resources. Moreover,
environmental pollution is an inevitable by-product of traditional mining. The discharge of large amounts of waste
rock, tailings, and wastewater not only contaminates soil and water sources but also contributes to air pollution.
Additionally, the utilization rate of low-grade ores is distressingly low, leading to a significant waste of resources.
The advent of biotechnology has ushered in new possibilities for the mineral resource industry. The essence of
biotechnology in mineral resource exploitation lies in harnessing the unique metabolic activities of microorganisms.

Bio-metallurgy, for example, has emerged as a revolutionary technology. Bioleaching, a key component of bio-
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metallurgy, stands out with its remarkable advantages. Cost-effectiveness is one of its most prominent features.
By relying on the natural metabolic processes of microorganisms, bioleaching significantly reduces the need for
expensive chemical reagents and energy-intensive operations compared to traditional mining methods. This not
only cuts down on direct production costs but also reduces the overall economic burden associated with mineral
extraction. Furthermore, bioleaching is far more environmentally friendly. It produces fewer harmful by-products
and minimizes the generation of waste materials, thus reducing the environmental footprint of mining activities. This
technology also excels in handling low-grade ores. Microorganisms can selectively extract valuable metals from
low-grade ores, which were previously considered uneconomical to mine using traditional methods. As a result,
the utilization rate of mineral resources is substantially enhanced, ensuring a more sustainable supply of minerals.
In the process of bioleaching, microorganisms play a crucial role. Through oxidation or reduction reactions, they
can break down the chemical bonds in metal minerals, releasing metal ions into the solution. This significantly
increases the metal leaching rate. For example, certain bacteria can oxidize sulfide minerals, converting insoluble
metal sulfides into soluble metal salts, which are then easier to extract. This microbial-mediated process not only
improves the efficiency of metal extraction but also reduces the energy consumption and chemical usage typically
required in traditional leaching methods. In addition to bio-metallurgy, biotechnology also plays a vital role in mine
pollution remediation. The in-situ remediation of mine-contaminated areas is a complex and challenging task, but
microorganisms offer a promising solution. Microorganisms possess unique functions of biological adsorption and
biotransformation. They can adsorb heavy metals onto their cell surfaces through various mechanisms, such as ion
exchange and complexation. Once adsorbed , microorganisms can further transform the heavy metals into less toxic or
more stable forms through biotransformation processes. This effectively reduces the concentration of heavy metals in
the environment, thereby alleviating the pollution pressure on soil and water sources. Moreover, microorganisms can
dissolve metal minerals and release metal ions. After the metal ions are dissolved into the solution, electrolysis can
be employed to obtain pure metals. This provides an alternative and more sustainable approach to metal extraction.
In addition, plants also contribute to the field of mineral resource exploitation. Some plants have the ability to
accumulate metals in their roots and leaves, a phenomenon known as phytoremediation. This can be used to enrich
metals from low-grade ores or contaminated soils. Mineral-binding peptides, on the other hand, can specifically bind
to minerals and facilitate their separation, offering new ways to process and purify minerals. Microorganisms have
been interacting with metals for billions of years. The utilization of biotechnology for exploring and extracting metals
from the earth is an area of active research and development. The microbial communities present in and around
mineral sources are a rich reservoir of genetic information. This genetic information can be harnessed to create
synthetic or modified microbiomes that are more efficient at metal enrichment. Although the understanding of the
genetic mechanisms of the mineral microbiome is still in its infancy, ongoing research efforts are gradually unraveling
these mysteries. In the future, it may be possible to develop a comprehensive set of tools to precisely modify
specific mineral microbiomes, enabling the extraction of metals in a more natural and sustainable manner. This
represents a significant paradigm shift with far-reaching implications for the mineral resource industry. However,
the application of biotechnology in mineral resource exploitation is not without challenges. The growth and activity
of microorganisms are highly sensitive to environmental factors. Temperature, pH value, and nutrient composition
can all have a profound impact on the metabolic activities of microorganisms. For example, if the temperature is
too high or too low, the enzymes within microorganisms may become denatured, inhibiting their growth and metal-
extraction capabilities. Fluctuations in pH can also affect the solubility of metal minerals and the activity of microbial
enzymes. In addition, the large-scale application of biotechnology requires substantial capital investment. Developing
and maintaining the necessary infrastructure, such as bioreactors and monitoring systems, can be costly. There are
also technical bottlenecks that need to be overcome, such as optimizing the growth conditions of microorganisms

in large-scale industrial settings and improving the selectivity and efficiency of metal extraction. LLooking ahead, to
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drive the development of biotechnology in mineral resource exploitation, several key steps need to be taken. First,
there is a pressing need to strengthen basic research. Understanding the intricate interaction mechanisms between
microorganisms and minerals at the molecular and genetic levels is essential. This will enable the development of
more efficient and stable biotechnological processes. Secondly, interdisciplinary cooperation should be actively
promoted. Combining the knowledge and technologies of biology, geology, chemistry, and materials science
can provide a more comprehensive approach to solving the complex problems associated with mineral resource
exploitation. For example, geologists can help identify suitable mineral deposits for biotechnological applications,
while chemists can contribute to the development of new reagents and extraction methods. Finally, continuous
innovation in both technology and management is crucial. New biotechnological methods and tools need to be
developed to address the challenges faced in mineral resource exploitation, and effective management strategies
should be implemented to ensure the sustainable and efficient use of resources. In conclusion, biotechnology holds
great promise for revolutionizing the mineral resource industry. By addressing the current challenges and capitalizing

on future opportunities, biotechnology can contribute to a more sustainable, efficient, and environmentally friendly

approach to mineral resource exploitation.
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Fig. 1 Schematic diagram of biological extraction of
metallic iron from sulfide minerals(Red arrows
indicating biotic reactions, while blue arrows
indicating abiotic ones, MeS standing for

metal sulfide)
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Fig. 2 Process diagram of biotechnology for

recovering metal elements from the ore
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Fig. 3 Schematic diagram of the mechanism by which hyperaccumulating plants absorb and accumulate

metals through their roots
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Fig. 4 (a)Schematic diagram of the functionalization
of magnetic nanoparticles by binding peptides;
(b) Schematic diagram of binding peptides connected
to polymer scaffolds bearing reagent molecules or

chelating ligands
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Fig. 5 Mineral microbiota engineering
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