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Functional Analyses of cGMP/NO Signaling and MYB Transcription Factor
Regulating Gene Expression of Soybean Isoflavone-biosynthetic Enzymes
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Division of Applied Chemistry in Bioscience, Graduate School of Agricultural Science,
Kobe University, Kobe 657-8501

ABSTRACT

Expression of several genes encoding flavonoid-biosynthetic enzymes and the level
of isoflavone and anthocyanine in soybean (Glycine max L.) are regulated by cyclic
guanosine 3', 5-monophosphate (cGMP) and nitric oxide (NO). Chalcone synthases,
GmCHS7 and GmCHSS8, are key enzymes controlling the isoflavonoid level in
the seeds, and GmMYB176 regulating GmCHS8 expression affects isoflavonoid
synthesis. Here we analyzed the functional relationship between cGMP signaling
and GmMYBL176 on the activation of GmCHS8 promoter. Quantitative RT-PCR
analysis showed that the transcript level of GmCHS8 was increased 9.5-fold with
cGMP, and the cycloheximide did not inhibit the induction of GmCHS8 by cGMP,
indicating de novo synthesis of protein is not necessary for this eCect. The level of
GmMYB176 transcript was not increased by cGMP. Both cGMP and GmMYB176
could trans-activate GmCHS8 promoter in transient gene expression assay using
protoplast of soybean SB-P cells. Also it was found that cGMP activated Unit |
sequence but not MYB176 binding sequence in the GmCHS8 promoter. We have
previously reported the Unit I-independent activation of gene expression by cGMP
for soybean chalcone reductase (CHR), suggesting that cGMP responsible cis-
elements in the promoters of genes encoding flavonoid-biosynthetic enzymes are
diverse. DNA microarray analysis using the Arabidopsis T87 suspension culture
showed that the expression of many genes were enhanced or repressed by cGMP
and/or NO. cGMP/NO responsible sequences in the promoters of genes encoding
ferritinl and nicotianamine synthasel were determined and compared to each
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Fig. 1. The flavonoid-biosynthetic pathway in soybean.
PAL: Phenylalanine ammonia-lyase, C4H:
Cinnamate 4-hydroxylase, 4CL: 4-Coumarate:
CoA ligase, CHS: Chalcone synthase, CHR:
Chalcone reductase, CHI: Chalcone isomerase,
IFS: 2-Hydroxyisoflavanone synthase, HIDH:
2-Hydroxyisoflavanone dehydratase, IFGT:
UDP-glucose:isoflavone 7-O-glucosyltransferase,
ANS: Anthocyanidin synthase, IFR: Isoflavone
reductase.
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ttatttgtgattgaatagcgtgaaaatatagttagtatatgcacgtattattttcttaaa
GmMYB176 binding seq.

aataaagataaaaataaaagtaatgaggctaaatattccatcatcgaatatgaataatag

tagtaaaaaaaacaattccatccaatataacatataggacatataattcagttacacttc
caatcgccatgttgaatccgggataaaaagaagcagagtcagtcagtcatcttggtcaga
agtcaaccacatgtttgatttttttatggtaggagaatactaacatgaaaaatattacgt
caatattcattatgctatttaacaaaaaaataaaataaaaaataggtataatataattta
tgatttgatataaagagagagaaaataaaaggcattgaaatgatatttaaaatataaagt
gttaatatatcattgatagcatatggataccgaagttgatgggggtagctggagatgcat
aaaataaaatatccccaattattggctggtaaatgaaaaaaaggaagaataaataggggt
agaggcggtcatggaaaacatgcgggcatatgccaccaaactcatacataggtcacaaac
taacaaacagtcgtagtagacggtggaaaaatgtatatgttggtgtacattggtgcatgﬁ

acgtaatgatactcaﬁctacckttcaaccctcacatacatataaaatgccatctcctcaa
G-box Unitl seq. H-box TATA box

acaagttcaaagcacaccttcatttcaacctctctgattttgtaattgagttcgatcaaa

tagctcccagtactttaattgatttctgaatatcatcacttaatttgaaggaaagATGGT

60
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360
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540
600
660
720

780
840
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Fig. 2. Nucleotide sequence of the 5' part of GmCHS8 gene. GmCHSS8 upstream region containing the promoter,
5-non coding region and short stretch of transcribed region is shown. The sequence of the first two
amino acids from the NH, terminus is also shown. The putative TATA box, GmMYB176 binding
sequence and Unit | sequence are underlined. G-box and H-box are boxed. Capital letters in the

nucleotide sequence indicate the coding region.
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Quantitative RT-PCR analysis of GmCHS8
and GmMYB176 gene expression. Total RNA
isolated from soybean SB-P cells treated with
50u M 8-Br-cGMP and 300y M cycloheximide
(CHX) were used as template for gRT-PCR.
Black bar, control cells without chemical
treatment in the dark; white bar, 8-Br-cGMP
treated cells; gray bar, 8-Br-cGMP with
cycloheximide treated cells. The expression
level in control is set to 1. Error bars indicate
SE of three independent cell cultures. Values
were normalized against soybean actin gene.
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GmMYB176 binding sequence
5-AATAGCGTGAAAATATAGTTAGTATATGCACGTATTA-3'

Unit | sequence
5-TCTAGATGCATGCACGTGATGATACTCACCTACCCTTCAACCCTC-3'
G-box H-box

x 5.2

Reporter X 1.0

GmCHS8p[GUS ’

e -
\
EClector X 1.9 == White light
. mm Dark (Control)
CaMV35S[GmMYB176 e Brcomp
35S:GmMMYB176
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Relative GUS activity (%)

Fig. 4. Activation of GmCHS8 promoter by cGMP
and GmMYB176. The GmCHS8 promoter
was fused with the B-glucuronidase gene
(GUS), and introduced into protoplast of
dark-adapted SB-P cells with polyethylene
glycol. After introduction of DNA, the
protoplasts were incubated in white light or
in the dark with 50y M 8-Br-cGMP for 3 h,
and GUS activities in the cell extract were
measured. Also, CaMV35S promoter fused to
GmMYB176 coding region was used as the
effector construct, and transient expression
assays were performed by co-introduction
of the reporter and effector plasmids. Black
bar, control cells without chemical treatment
in the dark; gray bar, cells illuminated with
white light; white bar, 8-Br-cGMP treated
cells; hatched bar, co-introduced cells with the
effector and reporter genes. All GUS values
were normalized to LUC values, and the
expression level in dark control is set to 1. 3C,
Rubisco 3C terminator.
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Fig. 5. Analyses of cGMP responsiveness of
GmMYB176 binding sequence and Unit |
sequence. GmMMYBL176 binding sequence and
Unit | sequence in the GmCHS8 promoter were
fused with GUS, and these constructs were
introduced into the protoplast of dark-adapted
SB-P cells. After introduction of DNA, the
protoplasts were incubated with 50y M 8-Br-
cGMP in the dark for 3 h, and GUS activities
in the cell extract were measured. Black bar,
control cells without chemical treatment;
white bar, 8-Br-cGMP treated cells. All GUS
values were normalized to LUC values, and
the averages of dark controls were taken to
be 1 for each construct. Data represent the
mean (+ SE) of three independently treated
cells, GmMYB176 binding sequence and Unit |
sequence were also shown.
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Table 1. Nucleotide sequences responsible for cGMP and NO in the promoters of AtFER1 and AtNASI.
Nucleotide sequences responsible for cGMP and NO were determined by the transient expression
analysis using protoplasts of Arabidopsis T-87 cells as described in the previous paper®
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