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Abstract
The human eye does not see in black and white! Color is integral to the interface between people and nature. Humans have traditionally preferred natural sources to add colors to food, clothing, cosmetics, and medicines. There has been a relatively brief interlude between the Industrial Revolution and the beginning of the New Millennium, during which natural pigments and dyes were replaced by chemical ones. The new found interest in human safety and environmental conservation has kindled fresh enthusiasm for natural sources of colors. Microbes have advantages of versatility and productivity over higher forms of life in the industrial-scale production of natural pigments and dyes. However, the disciplines of physical chemistry and toxicology are essential filters, which will determine commercial success in rediscovering the colorful wealth of nature. Genetic engineering can make quantum leaps in the economics of microbial pigments. Networking skills are best for putting such diverse capabilities together quickly and effectively.
Microbial Pigments as a Link in Time

Populist science fiction presents possible extra-terrestrial life in at least the most evolved form we know. True science knows better: researchers have realized that the search for life in new frontiers should begin by looking for microbes. Indeed, there is speculation that our primordial forms may have reached earth through indestructible spores of microbial colonies, riding on asteroids. There is no doubt that viruses and bacteria are far more adaptable than higher forms of life, both in terms of genetic mutations, as well as in rapid responses to the most exacting environmental challenges. Color is one of the most convenient ways to track microbes, because the products of their metabolism occupy all shades of the spectrum visible to the human eye.
Spectroscopy dominates the search for microbes as primordial life forms in the most remote and ancient of places. That does not imply the relegation of microbial pigments to the engine rooms of natural history! Biotechnology, which is one of the most enduring of human professions, is now fashionably anointed: renewed interest in microbial pigments is an expression of returning to nature as a means to sustainable living. Carcinogenic and other harmful effects of artificial colors so fill people with dread that there is a frenzied search for safer alternatives from the factories and warehouses of nature. 
Battle Lines between Artificial and Natural Colors
Nature also produces toxins and harmful substances. The Generally Regarded as Safe (GRAS) label cannot be fixed without discrimination on all microbial pigments. It is tempting but fallacious to promote pigments and dyes produced by bacteria and fungi as universally safer choices over their cousins from chemical laboratories and test tubes. The pathogenic development of microbes is actually most easily detected through color! Spoilt organic matter often changes color at least as soon as it begins to emit foul odors. Concepts of the competitive advantages of microbial pigments should be factual and creative at the same time. Fundamental errors at early stages of project formulation only serve to expedite the premature demise of attempts to make commercial successes of microbial pigments.

Microbial pigments have two meaningful advantages over artificial and inorganic colors. One relates to fermentation, which is an inherently faster and more productive production compared to any other chemical process. The other enduring strength of microbes is their relatively large and easily manipulated strands of genes. Microbial pigment production can be increased in geometric proportions through genetic engineering, compared to the scaling up methods of chemists. Strengths are often weaknesses in certain perspectives, and this applies to microbial pigments. Colors produced by bacteria and fungi are not as stable as inorganic chemical products. Further, the physical characteristics of microbial pigments, especially solubility, may be inconvenient in real life.
Core Competencies for Commercial Success with Microbial Pigments

A thorough understanding of the nature of microbial pigments aids in their commercial development. The real challenge in this business is to make successful transitions from agar plates in laboratories to financial statements in board rooms! It scarcely bears mention to list all the colors that microbes can so effortlessly produce, but it is worth reflecting on how elite corporations have succeeded in generating profits from spirulina, chlorophyll, beta-carotene, and paprika extracts. Toxicology and physical chemistry are two key drivers of early development of new microbial pigment products and services. Genetic engineering holds the key to scaling up individual projects to levels where microbial pigments can defeat their artificial cousins on economic grounds.
Regulators keep changing their minds about colors permitted in things we eat or swallow! The US FDA, and their counterparts in the European Union, and Japan, has never agreed on their approved lists of any pigments-microbial or otherwise. The rejection of import consignments can wreck the most profitable and entrenched business. That is why toxicology is so important for giving microbial pigments a sound future. Investments in creating data files from certified laboratories for tightly specified microbial pigments may delay cash flows compared to GRAS choices, but it will make projects stable and durable as well. Similarly, the experience with the dyes and lakes classification shows that competencies in physical chemistry are necessary to present the wonders of microbial pigments in ways that industrial clients can use conveniently.
Conclusions
Even the largest corporation with virtually unlimited resources cannot claim excellence in such diverse fields as toxicology, physical chemistry, and genetic engineering, to say nothing of regulatory liaison and all the other business management skills that go in to generating top and bottom lines! Microbial pigments, in a business sense, lend themselves better to team work than to vertical integration. Discovery, standardization, evaluation, presentation, and operations should be seen as discrete though iterative development phases in this business. Business houses and entrepreneurs must use networking skills to put all the pieces of microbial pigment puzzles in their rightful slots.
Please use your valuable perusal of this article to start a dialog at the SEE forum on your experiences and views about microbial pigments. We have put down some of our thoughts based on microbial pigment projects underway at Som Phytopharma, but only to induce your own insights in to this exciting form of timeless biotechnology. Please write to us at see@somphyto.com
We hope to celebrate 2008 by hearing from you!
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