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regulation, and endocrine homeostasis. To date, diverse steroids have been proved to have numerous therapeutic effects
on reproductive health, endocrine regulation, inflammation, efc. and can be used as life-saving drugs for some serious
diseases, such as cancer, organ transplantation, and serious infection. Therefore, the industrial synthesis of steroid drugs
has developed rapidly and steroid drugs have become the second largest drug category just ranked after antibiotics. Due
to the complex structure and delicate configuration, steroids are difficult to be produced at an industrial scale by
chemical total synthesis. At present, steroids are mainly produced by semi-synthesis ways with natural steroidal
sapogenins or sterols as raw materials via the combination of chemical and biological transformations. However, the
above routes are long and complex resulting in the low yield and the overuse of toxic reagents and heavy metal
catalysts, thus resulting in a large quantity of wastewater and residue as well as high production costs. Therefore, it is
necessary to develop green biomanufacturing technologies, such as biocatalysis, biotransformation, and biosynthesis, for
the industrial production of steroids. Currently, the production mode of steroids has been profoundly changed due to the
successful application of enzyme-catalyzed reactions and microbial transformations in the industrial production of
steroids. It is expected that the production of steroids will be changed into a biomanufacturing mode if the robust
microbial cell factories for the de novo biosynthesis of steroids can be developed via the biosynthetic way. The de novo
synthesis of steroids by microorganisms has been materialized. However, due to the extraordinarily complex metabolic
mechanism of steroids in the nature, the efficient production of steroids in engineered hosts still remains a challenge.
Here, starting from the evolution of steroidal pharmaceutical industry, we systematically review recent advances in
biomanufacturing technologies of steroids, including the identification and application of steroidal biocatalysis and
biotransformation, the characterization and modification of the metabolic mechanisms of steroids in certain
microorganisms, and the development of de novo biosynthesis pathways of steroids in engineered cell factories. From
the above three aspects, this review provides a reasonable summary and prospect for the current status and future
development trend of green bio-manufacturing technologies in the steroidal pharmaceutical industry.
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