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Oryzamutaic acid A, a novel yellow pigment, was isolated from the endosperm (polished rice) of an Oryza
sativa mutant. The structure and absolute configuration of oryzamutaic acid A were elucidated on the
basis of spectroscopic analysis, single-crystal X-ray diffraction analysis, and biogenetic reason. Oryzam-
utaic acid A might be biogenetically derived from four L-amino acids because it contains three amino acid
groups and one amine group.

� 2009 Elsevier Ltd. All rights reserved.
Artificial mutation by means of radiation and chemicals has
been used to improve the yield and quality of rice (Oryza sativa),
wheat (Triticum aestivum), and barley (Hordeum vulgare) cultivars.1

The rice cultivar Milky Queen, which has a low amylose content in
its endosperm, was selected from the progeny obtained by treat-
ment of the rice cultivar Koshihikari with the chemical mutagen,
N-methyl-N-nitrosourea.2 The Wx-mq gene for low amylose con-
tent in the endosperm of Milky Queen was cloned by RT-PCR,
and a nearly full length cDNA sequence of the gene was deter-
mined.3,4 Recently, the rare rice cultivar Hatsuyamabuki, which
has yellow endosperm, has been selected from the progeny ob-
tained by treatment of the rice cultivar Kinuhikari with c-rays
(Fig. 1). The agronomic traits of Hatsuyamabuki are almost the
same as those of Kinuhikari except for the color of the endosperm.
This cultivar is expected to be useful for the discrimination of for-
age rice from food rice and as a yellow cooking rice, as a brewing
rice for yellow sake, and as a raw material for yellow pigment.
However, the pigment or pigments responsible for the yellow
endosperm of Hatsuyamabuki have not yet been isolated and iden-
tified. In this Letter, we report the isolation and absolute configu-
ration of a yellow pigment, oryzamutaic acid A (Figs. 2 and 3).

The endosperm (polished rice) (20 kg) of Hatsuyamabuki was
extracted with 100 L of aq MeOH (MeOH/H2O, 1:9) for 1 day at
25 �C. Then, 900 mL of aq MeOH (MeOH/H2O, 5:1) was added to
ll rights reserved.

1 942 53 7776.
the extract (324 g), and the solution was centrifuged at 15,000 g
for 10 min at 25 �C. The supernatant (184 g) was subjected to chro-
matography on a C18 column with aq MeOH (MeOH/H2O, 1:9) as
the eluent. The yellow pigment fraction (2 g) was further purified
by HPLC on a C18 column with aq MeOH (MeOH/H2O, 1:9) as the
Figure 1. Brown rice (husked rice) and endosperm (polished rice) of Hatsuyama-
buki (a and b, respectively) and Kinuhikari (c and d, respectively).
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Figure 2. Structure of oryzamutaic acid A.

Figure 3. ORTEP drawing of oryzamutaic acid A.

Table 1
NMR data for oryzamutaic acid A (D2O, d ppm)

No. dH
a dC

b HMBC (1H–13C)

1 3.53–3.47 (1H, m) 61.5 C-6
2 2.13–2.08 (1H, m) 26.9

1.50–1.41 (1H, m)
3 1.88–1.84 (1H, m) 23.6

1.54–1.47 (1H, m)
4 1.81–1.73 (1H, m) 27.4

1.63–1.55 (1H, m)
5 3.63–3.56 (1H, m) 61.0 C-4, C-9, C-10
6 175.1
7 101.8
8 7.30 (1H, s) 153.8 C-7, C-9, C-13, C-15, C-20
9 6.52 (1H, s) 130.7 C-5, C-8, C-10, C-11, C-13

10 118.6
11 2.19–2.11 (1H, m) 21.7
12 2.32–2.25 (1H, m) 26.0

1.58–1.52 (1H, m)
13 3.55–3.47 (1H, m) 57.2
14 2.86–2.78 (1H, m) 39.9 C-12, C-13, C-15, C-18
15 167.7
16 4.11 (1H, d, 5.9) 57.6 C-15, C-17, C-18, C-19
17 2.22–2.14 (1H, m) 25.5

2.02–1.93 (1H, m)
18 1.94–1.87 (1H, m) 19.4

1.26–1.17 (1H, m)
19 178.0
20 2.28–2.20 (2H, m) 23.6 C-7, C-8, C-15, C-21, C-22
21 1.93–1.85 (1H, m) 30.4 C-7, C-20, C-23

1.82–1.73 (1H, m)
22 3.61–3.55 (1H, m) 55.0 C-20, C-21, C-23
23 175.3

a Spectra were recorded at 400 MHz.
b Spectra were recorded at 100 MHz.
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eluent. Concentration of the HPLC fractions afforded a yellow pow-
der, which was recrystallized from aqueous acetone (acetone/H2O,
4:1) to afford oryzamutaic acid A as light yellow plates (35.0 mg).

The molecular formula, C23H32N4O6, of oryzamutaic acid A, ½a�20
D

+403 (c 0.118, H2O), UV (H2O) kmax 395 nm (e 17200), was estab-
lished by HRESIMS (microTOF) [m/z 461.2388 (M+H)+, D �0.6
mmu] indicating 10 degrees of unsaturation. The IR absorption
spectrum showed the presence of hydroxyl (3398 and
2953 cm�1) and carbonyl (1628 and 1587 cm�1) groups. The 13C
NMR and DEPT 135 spectra resolved 23 carbon signals comprising
six quaternary carbons, including three carbonyls, eight methine
carbons, and nine methylene carbons. A possible structure for
oryzamutaic acid A was deduced from 1D and 2D NMR spectra.
The 1H–1H COSY spectrum of oryzamutaic acid A indicated two
partial structural units (bold lines in Fig. 2). The HMBC correlations
of H-8 to C-7, C-15, and C-20 indicated that C-8, C-15, and C-20
were attached to C-7, and the correlation of H-22 to C-23 indicated
the connection between C-22 and C-23 (Fig. 2, Table 1). The HMBC
correlation of H-16 to C-19 indicated the connection between C-16
and C-19, the correlation of H-16 to C-15 and their chemical shifts
indicated the connection of C-15 and C-16 through a nitrogen
atom, and the correlation of H-14 to C-15 indicated the connection
between C14 and C15. The HMBC correlations of H-9 to C-5, C-10,
and C-11 indicated that C-5, C-9, and C-11 were attached to C-10,
and the correlation of H-5 to C-4 indicated the connection between
C-4 and C-5. The remaining structural details were elucidated by
single-crystal X-ray diffraction analysis (Fig. 3).5 Oryzamutaic acid
A contains three amino acid groups and one amine group, which
indicate that oryzamutaic acid A may be biogenetically derived
from four L-amino acids. The absolute configuration was selected
on the basis of biogenetic reason. The interatomic distances be-
tween N-2 and C-15, C-15 and C-7, C-8 and N-1, N-1 and C-9,
and C-9 and C-10 indicated the resonance structure from N-2 to
C-10 (through C-15, C-7, C-8, N-1, and C-9). This resonance struc-
ture may be the chromophore of oryzamutaic acid A. Compounds
with a similar central C12N2 skeleton have been reported, but the
bonds between N-2 and C-15, C-7 and C-8, and C-9 and C-10 in
these compounds are reduced.6–11

To evaluate whether oryzamutaic acid A occurs only in
Hatsuyamabuki, we determined oryzamutaic acid A content in
the endosperm of Hatsuyamabuki and Kinuhikari. By subjecting
the aq MeOH extracts of the endosperms of Hatsuyamabuki
and Kinuhikari to HPLC, we estimated the oryzamutaic acid A
content in Hatsuyamabuki to be 1.4 ± 0.0 lg/g; no oryzamutaic
acid A content was detected in Kinuhikari (Fig. 4).12 These re-
sults suggest that oryzamutaic acid A is unique to Hatsuyamabu-
ki, that it plays an important role in the endosperm color of
Hatsuyamabuki, and that it is accumulated by means of a change
in some biosynthetic pathway, such as the gain or loss of an en-
zyme related to metabolism.

Changes in biosynthetic pathways have been observed in var-
ious plant mutants. In Ospds and Oszds rice mutants, carotenoids
do not accumulate, although lycopene does accumulate in b-
Oszds mutants.13 In proanthocyanidin-free barley mutants, pro-
anthocyanidins do not accumulate.14 However, in this study,
we isolated and identified a very rare compound from a rice mu-
tant, which indicates that various novel compounds may accu-
mulate in plant mutants owing to changes in biosynthetic
pathways.
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Figure 4. HPLC chromatogram of endosperm extracts of Hatsuyamabuki and
Kinuhikari.
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