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ABSTRACT

Cyclic guanosine 3', 5-monophosphate (cGMP) and nitric oxide (NO) control various
cellular functions cooperatively as second messengers in several signal transduction
pathways in animal cells. In plants, the functional involvement of cGMP in several
physiological processes such as anthocyanin biosynthesis has been reported, but their
molecular mechanisms and the functional relationships between cGMP and NO are
unknown. Using soybean photomixotrophic cell culture, we investigated the cGMP-
responsiveness of various structural genes for enzymes of legume-specific flavonoid-
biosynthetic pathway including isoflavone and phytoalexin synthesis and found that
most of these genes were induced by cGMP as well as NO. All cGMP/NO-induced
genes that we examined were also stimulated transiently by illumination of cultured
cells with white light. The NO-dependent induction of these genes were blocked by
LY83583, an inhibitor of guanylyl cyclase. Also, endogenous cGMP levels of cultured
cells were transiently increased by NO treatment. Consistent with the increase of the
transcripts for enzymes involved in flavonoid biosynthetic pathway, the accumulation
of anthocyanin in response to cGMP, NO, and white light was observed. Together
with our previous studies, these results suggest that cGMP and NO are linked
functionally and act as the second messengers in phototransduction that induces the
expression of genes for enzymes involved in flavonoid biosynthetic pathway to
produce anthocyanin in soybean. Soy Protein Research, Japan 10, 24-29, 2007.

Key words . flavonoid, gene expression, cGMP, nitric oxide, phototransduction

*T657-8501 A TTEEX S A M1

24 KE7zABEME Vol 10(2007)



Ty RYTEVRE, WWT IR A FREFOE
BII Iz X > CHFEENSE. KA FIIRETIZT Vb
VTSV E I POV L TWAE T 4 b H— 2
DN 7 FIRERB BT L, 42 v 7 GMP
(cGMP) 2y 7V FMEEDEH v FA vy T
—LLTHhNa yEEEEE (chs) REDT TR A
FEBARBERETORHALHAH L T2 I & 2l
L7279, @ cid, SERMEFEHmEse & 0E
B EHIDEIZB W TcGMPE —EfbE % (NO) »°
FRIGET L THEREL TWA Z D LN TWAS, ¢
bbb, BWICBITANODTEE 2 /EM M IZcGMPE
WEE (7= VEEY 29— ¥, GC) oM LTH
D, NODFEAIZ & DIHHI & % 5 7:GCAScGMPA B
TR L, A L72cGMPAEM & 22 2 BER OGNS
Fx FVORBEZRE TS 12X ) K4 R
3. A, R BT NOAFHHIG &1 &S
T EVKOPOBETHBLTE L T 5 2 &%)
HENTWDLA?, NORcGMPIZ & % #1515 H A
D TFHEREERBATH 5. F7o, BETIRBHAFIC
BIFHNO & cGMPOFEMMHBEIZAHTH Y, B
M THE SN TWS L) %, NOIZX - Ttk s
NbHYATOGCHRLZFEZEIN TV,

RWFFETlE, cGMPIZ & 5 HiWy i {538 SR AR 12 1Y
TAH R EELZEZHMIC, KE7I9K /4
N & BCRBERBIZT O BRETIZ B 5 cGMP £ NO
DFEREMARRE & et L 72,

;] &

AEREMHRET N TZUODEE

KE (Glycine max cv. Corsoy) AT Sk
fo (SB-PAllAE) % BEFR">VI2HEvy, EEBELT, 5
g/LOJERE % & T KNI medium A CIREEE2E L 72 (25C).
3 HE oW #InH, Mot (79 pmol/m?/sec)
F 7213 UV-BIEET (1.468 ymol/m*/sec, 30%), 5\
1, 50,M®D8-Br-cGMPZ 7213100 xM®DSNP (sodium
nitroprusside, NOZ& A #]) T—EEfMHE L7, $72,
AT D S E 72 SB-PHIIE % 100 .M D LY83583 (GCHH
EHI) T30 FHIRLEE L 72, 100 xMOSNPTHLEE L
72, B L UV-BOFKFIZIZE N Z N o8 6sT
ENT VALV I A= (Amax=314nm) %7z,
FTRTOUBIIRR L LT TlTo72. TV by T =
O & B I BRI HE 5 7.

J =Y

SB-PHlifiE & ) #8RNAZ BRI fe vl L2 —
VAN L, Tu—-T e LT, B0 KET T

KE7ABEME Vol 10(2007)

RIA FERARBERIIMA THZIC2-e Fax A
V7 I8 KEESE (HIDH)YL Ve Fad s 77
071V 8 Y 6a- KB LIS (D6aH) 0 {RF Wi & 7
— I R=ZAhDOEH| %5 A AcDNAT A 75 —
(Clontech) 7*5PCRIZ & - TH#E L 7.
cGMPDEEH L7 TR/ 1 KOHPLCAHR

SB-PAlaH DcGMPEIZZ oA 24 L4 T vt g
v A5 4 (GE Healthcare) (2& 0 llE L 72,

KEFHEMAE (cv. Tsurunoko) % BRIV D I7EEIHE
WSNPHB & U8-Br-cGMPTHLEL L 72, T 7&bbL, 8~
I0BWAEE S REFREOERL T —HIES LY,
Tt L 72 T3 MR EE 431250  LOSNPE R (10 mM)
% 72138-Br-cGMP (5 mM) % F L7z, Ke&EHd
ToUEAR T3 2 20 P B 12, BBUAREHZOR: - BT L,
80% * &/ — Wi x HPLC Tt L7z, 19 Al
TSK-gel ODS-80TM (4.6X 150 mm, TOSOH) # >,
T M= MY IVIERE20~60% O EARIIREARIZE D
HiEi#0.5 mL/min CTHEH L 72,

HBREEE

KETSH /A NERRBEREEFDCGMP, NOH
SURICLZRBFE

Fig. WRL7ZZ L DORET TR 4 FEE#E
BT OFEHAICCMPIZ L Y FE S N7z, S4REF7ICA
VITRYBLIOYT 74 MNT LIV UV EROBBEET
% % HIDH? £ D6aH 12D\ T b HIZT- 5B O cGMPIG
BUERAREZH, TS OBEEFRBD BHO 7
TR A PEBARBEREZT L FEY, cGMPIZX Y FE
Bxhs (Fig. 2). 72, 25 DcCMPREMEEE
FITRTNOTOFESNE ZENFHL NI 572
—7J5, BAIIREFIHEISSB-PHIILIC A e % BT %
EHN T G REERBIZT (chs) DEEBIAY 3 KefE LA
MIC—BRICHEESNDE I EZHRELTWEH?, 7
TZVT I TYEZT YT =¥ (pal), 7 A Bl
4 Fa*Y5—% (c4h), 4 7 <IVEECOAY #—¥
(4el), HVva @I WH (chr), hVvaIar AV 27
—%¥ (chi), 4V 77K RS (ifs), hidhB &
A V7 I RVEILEER (ifr) OfETOREL kI
$ U chs& FHML L 72458000 22 — BRI/ N Y — v 2R
L7z, 2OZens, TS DOEEFORICE LB
VX chsD I % 38T BN 7 F MEZHRE & Ak
BRECTHE SN TWD I 2R shi. —F, 7V
YT YU UEBEEE (ans) (IEEFTEICHIIEL T b 5
BLTBY, cGMP, NOB L UHBOFEEL Z\)
ol (Fig. 2).

25



phenylalanine
phenylalanine ammonia lyase (pal)
cinnamate
cinnamate 4-hydroxylase (c4h) l
4-coumarate
4-coumarate: CoA ligase (4cl)
4-coumaroyl-CoA

chalcone synthase (chs)
+ chalcone synthase (chs)
chalcone reductase (chr)

isoliquiritigenin naringenin chalcone

chalcone isomerase (chi)

liquiritigenin naringenin
-——— jsoflavone synthase (ifs) 4"1
<4— 2-hydroxyisoflavanone dehydratase (hidh) 7/
daidzein genistein l

leucoanthocyanidin

isoflavone reductase (ifr) l
anthocyanidin synthase (ans) l

dihydroxypterocarpan 6a- l anthocyan idin
hydroxylase (d6ah) l UDP-glucose: flavonoid 3-O-
phytoalexi n glucosyltransferase (ufgt)

anthocyanin

Fig. 1. The flavonoid-biosynthetic pathway in soybean. Enzymes are indicated in italics.
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Fig. 2. Induction by cGMP, NO, and white light of expression of several genes involved in flavonoid synthesis.
Dark-adapted SB-P cells were incubated with either 8-Br-cGMP (50 M) or SNP (100 «M) in the dark, or
illuminated with white light for the indicated times. Each lane contains 30 g of total RNA. rRNA is a
loading control and detected with ethidium bromide staining of the gel.
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Fig. 3. LY83583 blocked NO-dependent induction of several gene expressions of flavonoid-biosynthetic enzymes.
Dark-adapted SB-P cells were incubated with 100 .M LY83583 for 30 minutes in darkness followed by
incubation with 100 M SNP for the indicated time under dark-condition.
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Fig. 4. cGMP levels in NO-treated SB-P cells. Dark-
adapted SB-P cells were incubated with 100 M
SNP in the dark. At the indicated time-points,
samples were collected and analyzed for cGMP
levels. Data represent the average of three
independent experiments with duplicate
measurements for each sample. Standard
errors are indicated.
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Fig. 5. Effects of cGMP, NO, white light, and UV-B
light on anthocyanin content in SB-P cells.
Dark-adapted SB-P cells were incubated with 8-
Br-cGMP (50 M) or SNP (100 M) in the dark,
or illuminated with white light for 24 hr. For
UV-B treatment, the dark-adapted cells were
illuminated with UV-B for 30 min followed by
incubation for 23.5 hr in the dark. The average
of non-treated cells (dark) was defined to be 100.
Data represent the mean of three independent
experiments. Standard errors are shown.
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Fig. 6. Accumulation of isoflavonoids in NO-treated
soybean cotyledons. Soybean cotyledons were
treated with 10 mM SNP for 20 hr. Cell
extracts were analyzed by HPLC. Metabolites
were identified by comparing their retention
times with those of standards. Dz, Daidzein; Gt,
genistein.
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