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Abstract: Pentacyclic triterpenoid saponins are important plant natural products, which have five rings composed of

six isoprene units. They are widely used in medicine, functional food, health care products, cosmetics and other fields
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due to their pharmacological and physiological activities. At present, pentacyclic triterpenoid saponins are derived
mainly from direct extraction from plants, which has many disadvantages such as the long growth period of plants,
competition for farmland, impact on ecological environment and low extraction yield. It is also difficult to obtain
pentacyclic triterpenoid saponins through chemical synthesis because of the complexity of their structures, and in the
meantime the process using organic reagents and performed under harsh reaction conditions is not environmentally
friendly. In recent years, with the development of synthetic biology, A variety of microbial cell factories have been
constructed to synthesize plant natural products, which present advantages over their chemical synthesis. In this article,
the classification, functional activities, structural characteristics of typical pentacyclic triterpenoids and the progress of
their synthesis through microbial cell factories are reviewed based on their plant sources and natural synthesis pathway.
The unknown enzymes catalyzing synthesis of the key sites of sapogenins in the pentacyclic triterpenoid saponins
synthesis pathway are analyzed. Combined with the reported in vivo and in vitro studies, P450 enzymes and
glycosyltransferases that are responsible for the formation of sapogenins and saponins, respectively, in some
unidentified pathways are predicted. Based on current research, main bottlenecks for pentacyclic triterpenoid saponins
synthesis in microbial cell factories are highlighted, and the situation of industrial production and challenges are
discussed, which provide theoretical support and new ideas for constructing microbial cell factories to synthesize

pentacyclic triterpenoid saponins more efficiently.
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Fig. 1 Pentacyclic triterpenoid saponins with oleanolic acid (the predicted pathways are highlighted in green)
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Fig.3 Pentacyclic triterpenoid saponins with soybean saponin (the Predicted pathways are highlighted in green)

GlcA—glucuronyl; Rx—glycosylation; Csl—Cellulose synthase-like enzyme
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Fig. 4 Pentacyclic triterpenoid saponins with ursolic acid (the predicted pathways were marked in green)

Glc—glucosyl; Ara—arabinosyl; Rha—rhamnosyl
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Fig. 5 Pentacyclic triterpenoid saponins with betulinic acid (the predicted pathways are highlighted in green)

Glc—glucosyl; Ara—arabinosyl; Rha—rhamnosyl
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