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Natural products are organic compounds that are made by living systems. Naturally
occurring compounds may be divided into two board categories namely primary and
secondary metabolites. Secondary metabolites have attracted attention because of their
diverse biological effects on other organisms. Microorganisms which are one of the
primitive forms of life show a great ability to adapt to a wide variety of natural
products. They also have remarkable ability to make and carryout diverse reactions on
natural products. Microorganisms have been widely applied for steroid
biotransformations to prepare specific derivatives, the production of which is difficult
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by traditional synthetic methods. As a major example of microbial
metabolism/transformations a review on caffeine alkaloids is presented (this sentence is
not clear; seems misplaced). Most of the population of the world is exposed to caffeine
(1,3,7-trimethyl xanthine) since it occurs in a number of plants. Caffeine is also widely
consumed as drinks, and has found limited therapeutic use. Caffeine is the major
constituent of coffee and tea. Other methyl xanthines like theobromine (3, 7-dimethyl
xanthine), theophylline (1,3-dimethyl xanthine) and mono-methylxanthines are also
present in minor quantities in these beverages. Caffeine degrading microorganisms have
great potential in developing decaffeination process, which will replace the use of toxic
organic solvents. Other applications of microbial caffeine degradation include
decontamination of these compounds in the environment and production of high value
alkyl xanthines.

U
SA NE
M SC
PL O
E –
C EO
H
AP LS
TE S
R
S

1. Introduction
Natural products are molecules derived from plants, marine organisms and
microorganisms. They can be classified majorly into i. Polyketides and fatty acids, ii.
Terpenoids, iii. Steroids, iv. Alkaloids and v. Phenolic compounds (see Figure 1). This
review focuses on the microbial transformations of steroids, terpenoids, alkaloids, and
flavonoids (phenolic compounds). Existence of microbes was recognized only in the
17th century by Dutch microscopist Anton Van Leeuwenhoek. By 1857, sufficient
understanding had been developed to provide the necessary background for the work of
Louis Pasteur on the fermentation of sugar to lactic acid and ethanol. Pasteur discovered
that all fermentative processes are the result of microbial activity and that individual
microbial species are responsible for discrete chemical alteration of selected substrates.

Figure 1. Representative Structures Natural Products

©Encyclopedia of Life Support Systems (EOLSS)

PHYTOCHEMISTRY AND PHARMACOGNOSY – Microbial Transformations of Natural Products – S.R. Gopishetty, M.T.
Louie and M.V. Subramanian

Targeted application of microbial transformations emerged only after the 19th century.
The fusion of two sciences namely, organic chemistry and microbiology was the driver
of tremendous growth of this field. The technology of microbial transformation deals
with harnessing the enzymes in microorganisms to catalyze useful reactions on organic
compounds. Great advances have been made in terms of exploiting microorganisms for
biotransformations.
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Many industrial processes for the production of amino acids and polysaccharides have
been developed. The use of microorganisms for the synthesis of antibiotics and steroidal
hormones evolved into large-scale industrial processes. Nowadays, a whole array of
methods have been developed for using microorganisms in novel processes of
transformations of both natural and synthetic bioactive compounds. Microbial
transformations make use of enzyme catalyzed reactions with living cells, typically
exploiting single chemical reactions like oxidation, reduction, hydrolysis, and
degradation, formation of C-C or C-hetero atom bonds.
Some of the advantages in selecting microbial reactions as alternative or supplement to
chemical synthesis are, i. microbial reactions can be used to functionalize specific
positions in the molecules which are not normally possible by chemical methods, ii.
Oxygen function or other substituent’s can be introduced stereospecifically or
regiospecifically. iii. Several individual reactions can be combined in one microbial
step, iv. The conditions under which microbial reactions take place are mild; hence
compounds that are sensitive to heat, acid and base become amenable to microbial
transformations, v. In some cases, it is cheaper to use a microorganism for the
preparation of organic compounds than to synthesize it chemically. Thus it is not
surprising to note that a large number of antibiotics and several of the medicinally
important steroids hormones are currently produced on a large scale by microbial
processes.
Microbial transformations are of considerable economic importance in the manufacture
of alkaloids, antibiotics, vitamins, amino acids, fermented beverages and fermented
foods. They also catalyze simple and chemically well-defined reactions like conversion
of acrylonitrile to acrylamide. This has matured to an industrial process where the
production is carried out at 10,000 tons per year. In addition, microorganisms are
employed in many studies of synthetic, structural, stereochemical and kinetic problems
in organic chemistry to functionalize non-activated carbon atoms including (i) to
introduce centers of chirality into optically inactive substrates, and (ii) to carry out
optical resolutions of racemic mixtures.
Another feature of microbial transformations is its ability to imitate mammalian
metabolism of drugs. Thus key intermediates or metabolites of drugs can be produced in
adequate amounts rapidly. This enables structure determination of drug metabolites for
use in preclinical trials, toxicity studies and regulatory process. Microorganisms do not
always form the same metabolites as mammals; nevertheless, they are good models of
drug metabolism. This approach has found wide success, that led Smith and Rosazza to
coin the term “Microbial Models of Mammalian Metabolism”, to describe the use of
microbial transformation systems as tool to facilitate mammalian metabolic studies.
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