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Abstract: Puerarin, also known as daidzein 8-C-glucoside, is a major isoflavone glycoside from Pueraria
lobata. Puerarin has been shown to possess a variety of pharmacological activities. It has been widely used for the
treatment of cardiovascular and cerebrovascular diseases. However, the further applications are limited due to its
low water solubility and poor bioavailability. Structural modification is thus regarded as an efficient approach to
improve the solubility and bioavailability of puerarin. Unlike chemical modifications, enzyme-assisted modifica-
tions, namely biocatalysis, is a promising alternative for the regioselective synthesis of puerarin derivatives due to
its high selectivity. Up to date, acylation, glycosylation and hydroxylation of puerarin had been achieved through
enzyme-based biocatalysis. Diverse active puerarin derivatives with improved solubility and bioavailability have
been thus developed. Based on modification groups, this paper focused on the progress in the preparation of puerarin
derivatives by biocatalysis, in which the whole-cells or pure enzymes were used as the biocatalysts. This article
was expected to provide new ideas for the synthesis and development of puerarin drugs.
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Figure 1 Chemical structure of puerarin
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Table 1 A literature survey of enzyme-catalyzed puerarin derivatives synthesis. *When the reaction has more than one product, following

activities are corresponding to the compound with*

Enzyme Enzyme source Site Product Activity Reference
Puerarin acylation
Novozym 435  Candida Antarctica C6"  Puerarin-6"-O-esters* [14]
(immobilized) (C=2-6,8,9,12,14) [15]
Puerarin-6"-O-cinnamoate
Lipozyme™TL  Thermomyces lanuginosus C6"  Puerarin-6"-O-propinate a. Higher lipophilicity [16]
(immobilized) b. Lower antio>_<idant ability
Lipozyme™RM  Rhizomucor miehei C6"  Puerarin-6"-O-propinate ¢. Lower md_“c”,‘g, power o [16]
(immobilized) d. Increased inhibitory .E:ICtIVItIES on
) ) erythrocyte hemolysis (C3 to C8)
Whole cell Aspergillus oryzae C6"  Puerarin-6"-O-esters* [17]
(C=2-6,8,12,14)
Whole cell Rhodococcus sp. C6"  Puerarin-6"-O-acetate [18]
Whole cell Bacillus cereus C6"  Puerarin-6"-O-phosphate* a. Water solubility: 85.4 fold [19]
b. Radical-scavenging activity (25 fold)
Puerarin glycosylation
BSMA Bacillus stearothermophilus C6"  a-D-Glucosyl-(1,6)-puerarin*  a. Water solubility: 14 fold [20]
C3"  a-D-Maltosyl-(1,6)-puerarin* Water solubility: 168 fold [21]
a-D-Glucosyl-(1,3)-puerarin b. Slightly higher antioxidative activity [22]
c. Hypocholesterolemic activities [23]
d. Reduced the mutagenic effect of
4-nitroquinoline-1-oxide (41%)
e. No significant toxic effects
LLDexT Leuconostoc lactis C6"  a-D-Glucosyl-(1,6)-puerarin a. Water solubility: 15 fold [24]
a-D-1somaltosyl-(1,6)-puerarin Water solubility: 202 fold
p-Fructosidase/  Arthrobacter nicotianae C6"  p-D-Fructosyl-(2,6)-puerarin*  a. Myocardial ischemia treatment [25]
Whole cell (organic solvent tolerant) Multifructosyl puerarin b. Tumor treatment (breast cancer and [26]
(n=2-5) chronic myeloid leukemia)
TSaGT and Thermus scotoductus C6"  Puerarin-cycloamylose inclu- [27]
BSMA sion complex
Endo-A Arthrobactor protophormiae  C4"  Puerarin GIcNAc-derivative [28]
TfMA Thermofilum pendens C4"  Daidzein 8-C-glucosyl- a. Maintained antioxidant activity [29]
(a-glucosyl),
p-1,4-Galactosyl C4"  Galactosyl-a-(1,4)-puerarin a. Water solubility: 12 fold [30]
transferase b. Better vascular smooth muscle relaxation
Whole cell Microbacterium oxydans c7 Puerarin-7-O-glucoside* a. Water solubility: 18 fold [31]
Puerarin-7-O-isomaltoside Water solubility: 100 fold
b. Maintained physiological ability to relax
the contractions of isolated rat thoracic
aortic rings
c. Higher plasma concentrations
d. Longer mean residence time in the blood
Whole cell Lysinibacillus fusiformis C7  Puerarin-7-O-fructoside* a. Water solubility: 4 fold [32]
(organic solvent tolerant) Puerarin-7-O-isomaltoside b. Improved antioxidant activity
Puerarin hydroxylation
Whole cell Trichoderma harzianum C3'"  3'-Hydroxypuerarin* a. Water solubility: 1.3 fold [33]
3'-Hydroxypuerarin-7-O- b. Radical-scavenging activity (20 fold)
fructoside
Whole cell Gliocladium sp. C3'  3'-Hydroxypuerarin* [34]
Whole cell Glioclodium deliguescens c3' 3'-Hydroxypuerarin® [35]
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Figure 2 Novozym 435-mediated acylation of puerarin with different acyl donors. Acyl donors including: vinyl acetate (C2), vinyl pro-

panoate (C3), vinyl butyrate (C4), vinyl pivalate (C5), vinyl hexanoate (C6), vinyl octanate (C8), vinyl laurate (C12), vinyl myrisate (C14)
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Figure 3 The whole-cell catalyzed transesterification of puerarin with vinyl propanoate. THF: Tetrahydrofuran; 2-Me-THF: 2-Methyl

tetrahydrofuran
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Figure 4 The whole-cell mediated C6" esterification of puerarin. a: Biotransformation of puerarin to puerarin-6"-O-acetate by Rhodococcus

sp. AS 4.1147; b: Biotransformation of puerarin to puerarin-6"-O-phosphate by Bacillus cereus NT02
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Figure 5 Enzyme-catalyzed C6" and C3" glycosylation of puerarin. a: BSMA-catalyzed puerarin derivatives containing a-D-glucosyl-

(1—6)-puerarin (P,), a-D-maltosyl-(1—6)-puerarin (P,), a-D-glucosyl-(1—3)-puerarin (P,); b: LLDexT-catalyzed puerarin derivatives

containing a-D-glucosyl-(1—6)-puerarin (P,), a-D-isomaltosyl-(1—6)-puerarin (P,)
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Figure 6 Emzyme-assisted C4" glycosylation of puerarin. a: Endo-A-catalyzed bioformation from puerar into puerarin GIcNAc-derivative;

b: TfMA-catalyzed bioformation from puerar into puerarin glucosides (n = 2-8)
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Figure 10 The whole-cell mediated C3' hydroxylation towards 3'-hydroxypuerarin-7-O-fructoside
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