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Studies on astragaloside IV metabolism in lactic acid bacteria
and bifidobacteria
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The thesis describes the astragaloside IV (AIV) metabolisms by lactic acid bacteria
(LAB) and bifidobacteria. AIV is a chemical compound derived from the plant Astragalus
membranaceus, commonly known as Mongolian milkvetch, used in traditional Chinese
medicine. AIV possesses multiple beneficial physiological effects, including anti-
inflammatory and antioxidative properties. The pharmacokinetics of AIV suggests that it is
metabolized by a consortium of bacteria derived from the intestinal environment. However,
little is known about how specific gut derived microbes metabolize AIV. Investigation into
human derived gut microbes showed two representative gut microbes, bifidobacteria and
LAB, readily metabolize AIV.

Chapter 1 describes the screening of bacteria designed to mimic the bacterial
abundance of the human gut microbiome. AIV is a saponin consisting of C-3 xylose and C-6
glucose moiety. The aglycone of AIV, cycloastragenol (CA), is formed when the two
glycosides are removed. The screened results indicated that multiple bacteria showed the
metabolism of AIV. The results also indicated that gut microbes metabolize AIV through
two different pathways. The microbes removed either the C-3 xylose or C-6 glucose moiety

of the AIV; however, simultaneous removal of both sugar moieties was not observed.

Furthermore, a deeper investigation of two representative gut microbes,
bifidobacteria and LAB, showed AIV metabolism utilizing different metabolic pathways.
Bifidobacteria metabolized AIV via eliminating the C-3 xylose to produce the intermediate
brachyoside B (BraB) and subsequently produced the aglycone CA. Unlike bifidobacteria,
LAB metabolized AIV via eliminating the C-6 glucose to produce the intermediate
cyclogaleginoside B (CycB). LAB also produced the aglycone CA but produced a higher
concentration of CA-2H (dehydrogenated product of CA). In the time course analysis of
AIV metabolism, a LAB strain Streptococcus citrovorum NBRC 3397 produced CA-2H
with a trace amount of CA, but Pediococcus pentosaceus NBRC 3182 produced CA-2H
without producing CA throughout the entire analysis. These findings suggest that the LAB

strain metabolizes AIV to CA-2H through an unknown pathway previously not observed.

Chapter 2 describes developing a method to efficiently produce CA by utilizing LAB
and bifidobacteria. CA, unlike AIV, has a high bioavailability and is readily absorbed into

the human body. In addition, CA also has beneficial physiological properties not seen in




AlIV, like telomere elongation and telomerase activation desired for antiaging products.
Utilizing a traditional method of microbial transformation of AIV to CA by fermentation
using bifidobacteria resulted in a low-yield production of CA. However, a two-step reaction
catalyzed by resting cells of LAB and bifidobacteria showed a targeted and efficient
production of CA.

ATV was first transformed to CycB via C-6 glucose-elimination with resting cells of
LAB and adding resting cells of bifidobacteria resulted in the efficient production of CA via
C-3 xylose-elimination of CycB. The two-step reaction sequence was vital because LAB did
not remove the C-6 glucose from the intermediate BraB. However, bifidobacteria showed
the removal of the C-3 xylose from the intermediate CycB. Multiple combinations of LAB
and bifidobacteria produced a high yield of CA from AIV. The dual cell reaction with
Weissella cibaria RD 12578 and Bifidobacterium pseudocatenulatum JCM 7041 showed the
highest production of CA (0.21 mM) from 0.25 mM AIV with an 84 % molar yield.

Chapter 3 describes the purification of astragaloside IV-hydrolyzing B-p-xylosidase
from B. pseudocatenulatum JCM 7041, which showed the ability to remove C-3 xylose from
ATV and CycB readily. The detailed analysis of the enzymatic properties to remove the C-3
xylose moiety from AIV was desired because previous transformations of AIV have mainly
focused on the C-6 glucose deglycosylation resulted in less information on the C-3 xylose
deglycosylation. The highest catalytic activity of B. pseudocatenulatum JCM 7041 was
observed at 48 hours of growth. As the results of purification of corresponding enzyme by
combining ammonium sulfate precipitation, Butyl -Sepharose, and Capto HiRes Q column
chromatography, a protein band with M: of roughly 80,000 on SDS-PAGE was suggested to
be the target protein. LC-MS analysis of peptide fragments of the candidate protein band
revealed a high score match of the amino acid sequences of the peptides with those of an

uncharacterized protein derived from B. pseudocatenulatum JCM 7041.
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