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Anthraquinone pigments have been isolated from the var
ious marine natural sources and extensively studied by the 
several groups.1 CrinWds, in contrast with the familar starfi
shes and sea urchins, are perhaps the little known and have 
been described from a restricted geographical areat the Indo
Pacific including the coast of Thailand.2 Interests in crinoids 
chemistry are of the molecular structures and also spectacu
larly colorful appearance of the pigments. We have studied 
on the biologically active marine natural products.3 We wish 
to report two new anthraquinone derivatives along with a 
known compound. One is the known rhodoptilometrin 1 
O-Cl^hydroxypropyD-l.^S-trihydroxy-OJO-anthraquinone). 
The remaining two had not previously been isolated from 
a natural source : l,8-Dihydroxy-3-propyl-9J0-anthraquinone- 
6-0-sulfate 2 and l,8-dihydroxy-3-(lf-hydroxypropyl)-9,10-an- 
thraquinone-6-O-sulfate 3. Specimens of Ptilometra were col
lected subtidally and intertidally in the Eastern coast of the 
Gulf of Thailand. The pooled Ptilometra were homogenized, 
extracted with methanol, and concentrated to give a sticky 
syrup (10 g). The residues were partitioned into methylene 
chloride and water. The methylene chloride extracts were 
concentrated and chromatographed on silica gel (200-400 gm, 
Merck, 4 cm X 50 cm) with a mixture of ethylacetate and n- 
hexane (2 :1). The active fractions were concentrated, and 
the residue (1.2 g) was further chromatographed on sephadex 
(LH-20) with methanol to give rhodoptilometrin (1, 10 mg, 
0.2% from methanol ext.) and a mixture of 2 and 3, which 
were seperated by a high pressure liquid chromatography 
(Ci8, MeOH : H2O=^1:1, 2 : 20 mg, 0.2%, 3 : 100 mg, 1.0%): 
1; the specific rotation rerative to the sodium D line at 20 
t, [a]p —8° (c=0.5, MeOH), values of the wavelength at 
the maximun molar absorptivity, electron impact mass 
spectrometry, MS, m/z 314 M+ (Ci7Hi4O6), UV 入”心(e). 
MeOH (nm), 224 (12,000), 258 (8,000), 432 (5,000), IR、矗, 
KBr (cmT), 3345 (OH), 1598 (C 드。), 1385, 1269 (Me); 2, 
CuHiaOsSiNai, ion spray mass spectrometry (negative), MS, 
m/z 376.9 296.9 [M-S03]~, UV 入伽攻(矽，MeOH (nm),
224 (13,000), 258 (8,000), 432 (6,000), IR j, KBr (cnL), 
3402 (OH), 1610 (C=O), 1395 (Me), 1095, 1058 (-SO3-), 3, 
Lajp —14° fc=0.2, MeOH), CuHnOgSiNai, ion spray mass 
spectrometry (negative), MS, m/z 393.0 312.9 [M-S03]_,
UV 入허心(£), MeOH (nm), 224 (13,000), 258 (8,000), 432 (6,000), 
IR V，心，KBr (cm-1), 3350 (OH), 1624 (C=O), 1281 (Me), 
1049 (-SO3-). The data of nuclear magnetic resonance
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Table 1. The Data of NMR and HMBC for Rhodoptilometrins 1, 2, and 3

Exp,
H-no

】H NMR (500 MHz, CDQD, 8) HMBC (/=6 Hz)
1 호 3 1 2 3

2 7.20 (1H, s) 7.07 (1H, s) 7.28 (1H, s) C4, V C-4, V c-i, 4, r
4 7.70 (1H, s) 7.60 (1H, s) 7.77 (1H, s) C・2, 10, r C-2, 10, V C-2, 10, V
5 7.09 (1H, s) 7.61 (1H, d, 3.5) 7.66 (IK brs) C-10 C-6, 10 C-6, 7, 10
7 6.35 (1H, d, 3.4) 720 (1H, d, 3.5) 7.21 (lHr brs) C-5 C-6, 8, 8a C-5, 6, 8
V 4.60 (1H, m) 2.67 (2H, m) 4.64 (1H, m) C-2, 4 C-2, 3, 4, 2f, 3f C-2, 4, 2', 3'
2， 1.73 (2H, m) 1.73 (2H, m) 1.76 (2H, m) C・3, 3， C-3, 3， C3
3， 0.94(3H, t 12.5) 0.9&3H, t, 12.5) 0.96 (3H, t, 12.5) c-r, 2 C-l\ 2\ 3， C-l\ 2l

1: R=OH, X=H, Rhodoptilometrin

2 : R=H,X=SOjNa, l,8-Dihydroxy-3-propyl-9,10-anthraquinone

-6-O-sodium sulfate

3 : R=OH, X=SO3Na, 1,8-Dihydroxy-3-( I'-hydroxypropyl)

-9,10-anlhraquinone-6-O-s(xiiuni sulfate

Figure 1. The Structures of Compound 1, 2, and 3.

CH NMR) and Heteronuclear Multiple Bond Coherence 
(HMBC) are shown in Table 1. The 13C nuclear magnetic 
resonance (nC NMR) are as Allows: 13C NMR, 125 MHz, 
& CD3OD, 1: G (163.7), C2 (122.4), C3 (156.1), C4 (116.6). 
C4a (135.3), C5 (113.6), G (160.2), C7 (109.7), C8 (167.5),
(113.9) , C9 (192.0), Csa (118.4), Cw (184.3),(136.9), Cr 
(75.5), Cz (326), C$ (10.3), 2: G (164.1), C2 (124.9), C3 (154.6), 
C4 (121.2). C细(134.7), C5 (113.1), G (161.1), C7 (115.2), C8
(165.9) , C& (113.8), C9 (192.3), C% (115.1), Cw (182.8), C10a
(136.4), Cr (39.2), Ct，(32.6), C3- (13.9), 3: Ci (164.1), C2 (122.6), 
C3 (158.2), C4 (116.2). C4a (135.2), C5 (113.7), C6 (161.6), C7 
(1152), G (165.8), C& (113.9), C9 (193.0), (119.0), Cl0 (182.9),
Cioa (136.7), Cr (75.7),財(32.9), C3- (10.5).

Comparison of the lH NMR, 13C NMR, low resolution mass 
spectra, ultraviolet spectra, and infrared spectra of 1, 2f and 
3 with published data4'6 establishes that 호 and 3 are new 
compounds which have not yet isolated. Direct comparison 
of the 'H NMR, 13C NMR, Heteronuclear Multiple Quantum 
Coherence (HMQC), HMBC, and mass spectra of 2 and 3 
with those of the known rhodoptilometrin1 reveals a remark
able correspondance except for the sulfate moiety at C-6 
position. Hydrolysis of 3 with 2 N hydrochloric acid gave 
rhodoptilometrin 1. This result demonstrates that the com
pound 3 contains 1 and sulfate moieties.

Judging from the data of ES-MS (negative) m/z 393 M_ 
and IR (-SO3-: 1095, 1058 cm-1),4 난｝e compound 3 is consid
ered to contain a s니fate (-S(* ・) moiety and the sulfate 

moiety is attached to C-6 position due to the downfield shift 
in E NMR (& CD3OD( C5-H: 7.66, C7-H: 7.21, cf 1: C5-H: 
7.09, 0・H: 6.35).

In order to determine the metal of the sulfate anion coun
ter, atomic analysis of 3 was performed: Scanning Electron 
Microscopy-Energy Dispersive X-ray Spectroscopy (SEM- 
EDX) analysis shows that 3 contains sulfur and sodium atom, 
thus the structure of 3 was assigned to be l,8-dihydroxy-3- 
(l^-hydroxypropyD-^lO-anthraquinone-G-O-sodium sulfate as 
shown in Figure 1.

The structure of 2 was readily determined by comparison 
of its spectral data with those from 1 and 3 according to 
the similar way to elucidate the structure of 3.

The compound 3 shows effect of growth inhibition (50% 
at 30 gg/mL) against A・545, Sk-OV-3, SK-MEL-2, XF-498, 
HCT-15 human cancer cells. Further bioactivities are being 
tested.

Acknowledgment. This work was supported by Center 
for Biom이ecule of KOSEF. We thank Dr. Shi Yong Ryu of 
Korea Reserch Institute of Chemical Technology for exam
ining the cytotoxic activity and measuring the mass spect
rum, and Dr. Twee Hormchong of Srinakhamwirot Univer
sity, Thailand for his providing crinoid specimens.

References

1. (a) Powell, V. H.; Sutherland, M. D. Aust. J. Chem. 1967, 
20, 541; (b) Rideout, M. D.; Sutherland, M. D. Ibid, 1984, 
38, 793; (c) Erdman, T. R.; Thomson, R. H. J Chem. Soc., 
Perkin Trans. It 1972, 1291. (d) Rideout, M. D.; Suther
land, M. D. Aust. J. Chem. 1981, 34, 541. (e) Bart이ini, 
G. L.; Erdman, T. R.; Scheuer, P. J. Tetrahedron 1973, 
29, 3699.

2. Barnes, R. D. Invertebrate Zoology (5th Ed.); Saunders Col
lege Publishing: Fort Worth, U. S. A„ 1987; p 826-834.

3. F나侦man, F. A・； Fuhrman, G. J.; Kim, Y. H.; Pavelka, L. 
A; Mosher, H. S. Science 1980, 207, 193.

4. (a) Chan, A. W. K.; Crow, W. D. Aust. J. Chem. 1966, 19r 
101. (b) Bloom, H.; Briggs, L. H.; Cleverley, B. J. Chem. 
Soc. 1959, 178. (c) Kent, R. A.; Smith, I. R.; Sutherland, 
M. D. Aust. / Chem. 1970, 23, 2325. (d) Smith, I. R.; Su
therland, M. D. Ibid. 1971, 24, 1487.

5. (a) Kitanaka, S.; Kimura, F.; Takido, M. Chem, Pharm. 
Bull. 1985, 33, 1274. (b) Sutherland, M. D.; Wells, J. W. 
Aust. J. Chem. 1967, 20, 515. (c) Powell, V. H.; Sutherland, 
M. D.; Wells, J. W. Ibid. 1967, 20, 535.



Communications to the Editor

6. (a) Han, I. H.; Kim. I. H. Yakhak Hoeji 1994, 38, 410. 
(b) Kalidhar, S. B. Phytochemistry 1989, 28, 2455. (c) Ki
mura Y.； Kozawa, M.; Baba, K.; Hata, K. Plant Medica 
1983, 48, 164. (d) Tama, M.; Koketsu, J. Agric. Biol. Chem. 
1982, 46, 1913.

Role of Autooxidation of Protoporphyrinogen IX 
in the Action Mechanism of 머phenyl Ether 
Herbicides

Oksoo Han*,  Ohyun Kim, Choonkeun Kim, Ro-Dong Park1, 
Ja-Ock Guh*

*To whom correspondence should be addressed

Institute for Biotechnology and 
Department of Genetic Engineering 

^Department of Agricultural Chemistry, 
^Department of Agronomy, 

College of Agriculture, Chonnam National University, 
Kwangju 500-757, Korea

Received July 27, 1995

Protoporphyrinogen oxidase (EC 1.3.3.4), the last common 
enzyme in the biosynthesis of heme and chlorophyll1,2 cata
lyzes the conversion of protoporphyrinogen IX into protopor
phyrin IX by six-electron oxidation. It has generally been 
accepted that protoporphyrinogen oxidase is the primary tar
get of diphenyl ether herbicides such as oxyfluorfen and 
acifluorfen. Protopoqjhyrinogen oxidase is known to be local
ized in the plastid envelope.3 Paradoxically, in vivo, the inhi
bition of protoporphyrinogen oxidase by diphenyl ether her
bicides leads to massive accumulation of protoporphyrin IX, 
the product of enzymatic reaction rather than the substrate.43 
It has been demonstrated that phytotoxic herbicidal effect 
of diphenyl ether herbicides is due to the abnomal accumu
lation of protoporphyrin IX which is known as a strong pho
tosensitizer in the presence of light and and molecular oxy
gen, generating singlet oxygen. Singlet oxygen triggers pho
todynamic membrane lipid peroxidation and ultimate cellular 
death.5 However, the mechanism by which protoporphyrino
gen IX is converted to protoporphyrin IX in vivo is not clear. 
Two feasible explanations for the massive accumulation of 
protoporphyrin IX upon the herbicide inhibition of protopor
phyrinogen oxidase have been be suggested: First, a non- 
enzymatic autooxidation of the protoporphyrinogen IX to 
protoporphyrin IX has been assumed since the protoporphy
rinogen IX can readily be oxidized under certain conditions.6 
Second, an enzymatic oxidation of protoporphyrinogen IX by 
a herbicide-resistant plasma membrane associated perox
idase-like activity has recently been proposed.2 In both cases, 
the substrate of protoporphyrinogen oxidase should be 
exported from the plastid to the plasma membrane and ra
pidly oxidized to protoporphyrin IX in the membrane.

In an effort to examine the role of non-enzymatic autooxi-
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Hgure 1. Effect of oxyfluorfen on the protoporphyrinogen oxi
dase activity of barley etiochloroplasts measured under initial 
velocity conditions. Reaction mixture consisted of 100 mM HE- 
PES (pH 7.5), 5 mM EDTA, 1% Tween-20, and 2 mM DTT 
in 3 mL. The reaction was started by adding 300 uL of 200 
uM substrate and 120 uL of etiochloroplast (0.62 mg/mL of pro
tein). Fluorescence intensity was monitored using spectrofluoro
meter at 626 nm with excitation at 395 nm.

dation for the accumulation of protoporphyrin IX in diphenyl 
ether-treated plants, we investigated the oxyfluorfen inhibi
tion of protoporphyrinogen oxidase in barley etiochloroplasts, 
and effects of ionic strength and ethyl alcohol on the non- 
enzymatic oxidation rate of protoporphyrinogen IX. Barley 
etiochloroplasts were obtained according to the methods of 
Lee et al} and briefly passed through Biogel P-30 gel filtra
tion column to remove salts and used for the assay without 
further purification. The substrate, protoporphyrinogen IX, 
was prepared by the reduction of protoporphyrin IX with 
sodium amalgam7 and stored in liquid nitrogen under dark 
condition. Protoporphyrinogen oxidase was assayed following 
the procedure of Sherman et al..&

Figure 1 shows the oxyfluorfen inhibition of protoporphy
rinogen oxidase of barley etiochloroplasts. As consistent with 
previous results of others,3,5,6 the inhibition by oxyfluorfen 
was remarkable and Lo was about 0.5 uM. This clearly sup
ports the idea that the inhibition of protoporphyrinogen oxi
dase by oxyfluorfen would cause the accumulation of proto
porphyrinogen IX molecules, which diffuse out of their site 
of biosynthesis until they reach to plasma membrane. Once 
protoporphyrinogen IX molecules arrive at the plasma mem
brane, they would be oxidized by enzymatic and/or non-en- 
zymatic reaction.9 In order to address the importance of non- 
enzymatic oxidation of protoporphyrinogen IX, we examined 
whether hydrophobic environment, simulated by addition of 
ethyl alcohol and lowering ionic strength, has any effects 
on the non-enzymatic oxidation rate of protoporphyrinogen 
IX. As seen in Figure 2 and 3, non-enzymatic oxidation rates 
of protoporphyrinogen IX were highly dependent on concen
trations of ethyl alcohol and ionic strength of reaction mix-


