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Investigation of Enzymes for Biosynthesis of Triterpenoids
(Lupeol and Betulinic acid) in Soybean

Mikio NAKAZONO"

Laboratory of Plant Genetics and Breeding, Graduate School of Bioagricultural Sciences,
Nagoya University, Nagoya 464-8601

ABSTRACT

Internal aeration is important for the adaption of plants to oxygen-deficient
conditions. In soybean (Glycine max), secondary aerenchyma, which plays an
important role in oxygen transport from shoot to roots, newly dilerentiates from
the secondary meristem (phellogen), providing a porous secondary tissue in the
hypocotyls or roots under flooded conditions. To identify genes involved in the
secondary aerenchyma formation, we performed a microarray analysis using RNA
extracted from laser microdissection-isolated secondary aerenchyma in hypocotyl.
We found that triterpenoid biosynthesis-related genes such as Lupeol synthase (LUS)
and Cytochrome P450 monooxygenase 716A (CYP716A) were up-regulated in the
secondary aerenchyma, suggesting that some triterpenoids (i.e. lupeol and betulinic
acid) are synthesized in the secondary aerenchyma. In the soybean genome, there
are at least 2 LUS genes (GmLUSI and GmLUS?2) and at least 3 CYP716A genes
(CYP716A37, CYP716A38 and CYP716A40). Among these, we confirmed that
GmLUS1 and GmLUS2 have activities for lupeol biosynthesis and CYP716A38 and
CYP716A40 have activities for betulinic acid biosynthesis. Moreover, quantitative
RT-PCR and in situ RNA hybridization analyses showed that GmLUS1, CYP716A38
and CYP716A40 were highly expressed in the secondary aerenchyma. These
results suggest that lupeol and betulinic acid are accumulated in the secondary
aerenchyma in soybean hypocotyl. Soy Protein Research, Japan 17, 13-17, 2014.
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Fig. 1. Lupeol and betulinic acid biosynthesis
pathway and expression of Lupeol synthase
and CYP716A genes in microarray analysis.
(A) Mevalonate, sterol biosynthesis, and
triterpene biosynthesis pathway. Lupeol is
synthesized from 2, 3-oxidosqualene in sterol
biosynthesis pathway by lupeol synthase (green
lettering). Betulinic acid is synthesized from
lupeol through betulin and betulin aldehyde
by CYP716A (light blue lettering). (B) Gene
expression pattern of Lupeol synthase and
CYP716A in LM-microarray analysis. Dark
gray means lower gene expression in SM or
SA than in CO, and light gray means higher
gene expression. SM: secondary meristem, SA:
secondary aerenchyma, CO: Cortex.
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Fig. 2. Tissue specific expressions of GmLUS1,
GmLUS2, CYP716A37, CYP716A38 and
CYP716A40 genes. Secondary meristem,
secondary aerenchyma, cortex and stele in
soybean hypocotyls were isolated by laser
microdissection. Real-time RT-PCR was
performed using primer sets for GmLUSI,
GmLUS2, CYP716A37, CYP716A38 and
CYP716A40. SM:. secondary meristem; SA:
secondary aerenchyma; CO: cortex; ST: stele.
(Means £ SD, n=30

15



0000050000000000000GmLUSIO
CYP716A380 0 O CYP716A400 000000 OO0
00000 situ RNRADOOOOOOOO0O0O000
0000000000000D00000000000
0000000000000 0000000000
0000000000000 0000000000
0000000000000 00000Fg 3 0
0000000000000 00000000000
0000000000000 00000000000
0000000000000 00000000000
00000000000000000000000in
situ RNADOODOODO000000000000
000000000000000000000000
000000000000 OGmMLUSIOCYP716A380
CYP716A400 0 0000000000000 OO0
0000000000000 0500000000
0000000000 0GmLUSIOCYP716A380
CYP716A400 00 0000000000000 00
0000000000000 00000000000
0o
00000000000000000000000
000000000000000000000000
0000000000000 0000o0oo®™™oo
0000000000000 000000056%00
0000000000000 D00000000000
000000000000 0000™™Oo0oogo
0000000000000 000000000O0O
0000000000000 00000HIVODOOO
00000000000®™Mo0000000ooo
000000000000000000000000
000000000000000000000000
000000000D000000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 D0000000000
0000000000000 D00000000000
0000000000000 00000000000
0000000000000 D00000000000
0000000000000 D00000000000

16

goooooOoooooooboooooobooooon
goboooooooooooboooooooooon
gooooooooooooboobooooooooon
gooobooooooboooooboooooboooon
oooooooooobooooooooooooooo
oooooooooooooobooooooooooo
goooboooooooooobooboooooooooon
gbooboobooodemLusi0DooooooOonO
gooooooooooooboooooobooooon
goooooooooooooooooooooon
gooooooooooooooooooooooon
ooboooooooooooooooooooooon
gooooooocooooooobooOoo

sense probe

e
o

Antisense probe

GmLUS1

CYP716A38

CYP716A40

Fig. 3./n situ RNA hybridization analyses of
GmLUS1, CYP716A38 and CYP716A40
expressions. Cross sections were prepared
using soybean hypocotyls treated under
waterlogged conditions for 5 days and were
hybridized with DIG-labeled antisense or
sense probes of GmLUSI, CYP716A38 or
CYP716A40 genes. SM: secondary meristem;
SA: secondary aerenchyma; CO: cortex.
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