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Purification and Characterization of Glucuronosyltransferase for the Elucidation of
Physiological Role of Saponin in Soybean Plant and the Breeding of
a Value-added Soybean Variety

Masakazu SHIRAIWA and Yasunori KUROSAWA

School of Agriculture, Ibaraki University, Ami-machi 300-0393

ABSTRACT

We solubilized and purified microsomal glucuronosyltransferase from soybean, and
elucidated its enzymatic properties. A microsome fraction was isolated from
germinating soybean seed and treated with various detergents to solubilize the
enzyme. The enzyme activity was monitored throughout purification using ["C]-
UDP GIcA and soyasapogenol B as substrates. Purification of glucuronosyltransfe-
rase was achieved by HiTrap Q, Superdex 200, HiTrap Blue chromatography
procedures. This resulted in an enrichment >130-fold relative to the starting
homogenate. Purified enzyme was found to require cation for activity. Studies of the
substrate specificity of the purified enzyme demonstrated that the specificity for the
sugar residue transferred was very high, as no activity was found when UDP-GIcA
was replased by other UDP sugars:UDP-Glc and UDP-Gal. Soyasapogenols which
are aglycone of soybean saponin are usable acceptors but glycyrrhetinic acid or
flavonone is not. These findings suggest that this glucuronosyltransferase was a
specific enzyme for UDP-GIcA as donor and soyasapogenols as acceptor, and it was
related to biosynthesis of the sugar chain in soybean saponin. This study provides a
basis for molecular characterization of key enzyme in saponin biosynthesis in
soybean. The isolation of the gene may enable its use in the elucidation of the
biosynthesis and physiological role of saponins in soybean. Soy Protein Research, Japan
4, 1-10, 2001.
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Fig. 1. Structures of saponins in soybean seeds. Isolation and structural characterization of various saponins
in soybeans have been reported by many researchers' .
sometimes been called the following names: soybean saponin Aa=acetyl-soyasaponin A4; soybean
saponin Ab=acetyl-soyasaponin Al; soybean saponin Ae=acetyl-soyasaponin A5; soybean saponin
Af=acetyl-soyasaponin A2; soybean saponin Ag=acetyl-soyasaponin A6; soybean saponin Ah=
acetyl-soyasaponin A3; soybean saponin Ba=soyasaponin V; soybean saponin Bb=soyasaponin I;

soybean saponin Bb’ =soyasaponin III; soybean saponin Bc=soyasaponin II; soybean saponin Bc’=

soyasaponin IV.
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Some of the above soybean saponins have



mature seed

™M) . stagé 3

stage 0 stage 1 stage 2

==
o

Activity (x104dpm)/organ

Sampling stage

Fig. 2. Distributions of glucuronosyltransferase
activity in soybeans during the germination
and early development stages. A, Sampling
stages of soybean plant. Germination and
development stages were classified into five
stages.
from plant organs as shown in drawing A. 1,
cotyledon; 2, hypocotyl; 3, root; 4, stem; 5,
first leaf; 6, second leaf. B, Distributions of
glucuronosyltransferase activity. Enzyme
activity was estimated as described in
“Materials and Methods.” Legend as follows:
[, cotyledon; I, hypocotyl; £, root; B, stem;
U, first leaf; N, second leaf. Each data
point represents the average value from two
independent experiments.

The enzyme proteins were prepared
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Fig. 3. Autoradiogram of glucuronosyltransferase
assay in the germinating soybean seeds. A,
TLC patterns of enzyme products. Each
enzyme fraction was incubated at 40C for 1
h and an aliquot of the butanol extract from
the reaction mixture was separated by TLC
as described in “Materials and Methods”.
Lane 1, extract from germinating soybean
seeds and soyasapogenol B added; lane 2,
supernatant of ultracentrifugation of the
extract and soyasapogenol B added; lane 3,
precipitate (microsome fraction) of ultracen-
trifugation of the extract and soyasapogenol
B added; lane 4, only precipitate (microsome
fraction) of ultracentrifugation of the extract
added (without soyasapogenol B added);
lane 5, precipitate (microsome fraction) of
ultracentrifugation of the extract inactivated
by boiling for 3 min and soyasapogenol B
added. B, soyasapogenol B-3-O-b-glucu-
ronide standard.
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Fig.4. Solubilization of glucuronosyltransferase
with various detergents. A, Effects of
various detergents on solubilization of
glucuronosyltransferase from membrane. 1,
CHAPS; 2, CHAPSO; 3, BIGCHAP; 4, deoxy~-
BIGCHAP; 5, n-Octyl-f-D-glucoside; 6, n-
Octyl-B -D-thioglucoside; 7, n-Heptyl-8-D-
thioglucoside; 8, n-Dodecyl-f-D-maitoside;
9, MEGA-8; 10, MEGA-9; 11, MEGA-10; 12,
SM-1000; 13, SM-1200; 14, Sodium cholate;
15 Digitonin; 16, suspension without deter-
gent. [ supernatant; M precipitate. The
activity measured against suspension with-
out detergent was fixed at 100. B, Effect of
CHAPS concentration on solubilization of
glucuronosyltransferase from membrane.
The maximum activity masured with 4 mM
CHAPS was fixed to 100.
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Fig. 5. Enzyme activity and of PAGE pattern of fractions eluted from superdex 200 (2nd). A, SDS-PAGE

pattern of fractions eluted from superdex 200 (2nd).

B, Enzyme activity fractions eluted from

superdex 200 (2nd). C, 2D-PAGE pattern of fraction eluted from superdex 200 (2nd).

Table 1. Purification of glucuronosyltransferase from germinating soybean

Total protein  Total activity

Measurement

Specific activity Recovery Purification

(mg) (pmol/min)  {pmol/min/mg protein) (%) (—fold)
Crude extract 1272.7 433.2 03 100 1
fﬁi};‘i’(‘)‘fzed micrisome 149 112.9 25 26.1 8.3
HiTrap Q 4.00 33.4 8.4 7.7 28.0
Superdex 200(1st) 0.95 54 5.7 1.3 19.0
HiTrap Blue 0.11 2.3 20.9 0.53 69.7
Superdex 200(2nd) 0.13 0.54 415 0.13 138.3
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Fig. 6. Effects of pH, temperature, and cations on glucuronosyltransferase activity. A, Effect of pH on enzyme
activity. Legend as follows: O, MOPS-NaOH buffer; @ , MES-NaOH buffer; A , HEPES-NaOH buffer;
A | Tris-HCl buffer; [ 1, Bicine-NaOH buffer. B, Effect of temperature on enzyme activity. C, Effect of
cations on enzyme activity. Lane 1, nothing added; lane 2, 1 mM EDTA added; lane 3, 1 mM EDTA and
10 mM K* added; lane 4, 1 mM EDTA and 10 mM Na* added; lane 5, 1 mM EDTA and 10 mM Ca?*"
added; lane 6, 1 mM EDTA and 10 mM Mn?" added; lane 7, 1 mM EDTA and 10 mM Mg?* added.
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Fig. 7. Acceptor specificity of glucuronosyltransfe-rase. A, Structures of substrates
used as acceptors. B, TLC pattern of reaction mixture. Lane 1, soyasapogenol A
added; lane 2, soyasapogenol B added; lane 3, soyasapogenol E added; lane 4,
glycyrrhetinic acid added; lane 5, luteolin added.
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Fig. 8 Proposed pathway of saponin biosynthesis in soybeans. The glucuronidation steps found in this
study are shown with solid arrows. The pathway with a direct relation between enzyme activity
vitro and saponin contents is shown with a closed solid arrow. The pathway in which only enzyme
activity i vitro have been demonstrated is shown with an open solid arrow. Proposed pathways are
shown with dashed arrows. Three proposed pathways of the biosynthesis of group DDMP saponins
are shown with (1), (2), and (3). R1, 8-D-galactopyranosyl or «-L-arabinopyranosyl; R2, f-D-
glucopyranosyl, @ -L-rhamnopyranosyl, or hydrogen; R3, 2, 3, 4, 6-tetra-O-acetyl- -D-glucopyrano-
syl, 2, 3, 4-tri-O-acetyl-a -D—-xylopyranosyl, or hydrogen.
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