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Inhibition of the germination of lettuce seeds at 1000 ppm. The 
EtOAc soluble part was successively stirred with 1 I. each of 
hexane. C,H,. and then CH,CI,. The each organic soluble part 
was separated into acidic and neutral fractions. The hexane 
extracts gave 110 mg 45 % germination (neutral) and 440 mg. 
8% germinatian (acidic); C,H, extracts gave 570 mg, 33% 
germination (neutral) and 1.43 g. 0 % germination (acidic) and 
and CH,CI, gave 440 mg, 0 y0 germination (neutral) and 1.49 g, 
0% germination (acidic) fractions. respectively. The neutral por- 
tionofCH,Cl,solublepart waselutedonSi0,(30 g)columnwith 
a mixed soivent of C,H,-EtOAc (1: 1). The resultant active 
fraction was further separated by HPLC [column; u-porasil, 
solvent; CHCl,-EtOH (100:3)] to isolate pale yellow crystals 
(1). Recrystallization from C,H,-CHCIJ afforded a pure speci- 

men (1Omg) mp 122-125” (decomp). The germination assay 
with lettuce seeds showed that the (1. heraclenol) inhibited 
completeiy the germinatjon of lettuce seeds at 1000 ppm after 
after 24 hr, while ca 50% of the seeds germinated at 100 ppm. 
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Abstract-The aurone, aureusidin 6-O-glucuronide, has been isolated from the antheridiophores of two liverworts, 
Marchantia berteroana, M. polymorpha and from Conocephalum supradecornpositum. It occurs only in these organs 
in Marchantia. The appearance of this aurone in bryophyte reproductive structures suggests parallel evolution 
within the angiosperms and the bryophytes. 

INTRODUCTION 

The Davoooid chemistry of bryophytes has been studied 
intensively in recent years and a wide range of structures 
are now known in these plants. Flavones 11 J, flavonols 
[2], dihydroflavones [3], 3-deoxyanthocyanins [4] and 
biflavonyls [S] have all been identified in one or more 
species but chalcones, isoflavones and 3-hydroxylated 
anthocyanins have not. The aurone. bracteatin has 
recently been identified in the moss, Funaria hygrometrica 
[6] and we now report the occurrence of another aurone, 
aureusidin 4-O-glucuronide, in three liverworts. 

RESULTS 

In the course of our recent study of the liverwort 
~archant~a berteroa~a [l] we found both quanti~tive 
and qualitative seasonal variations in the flavonoid 
constituents. A further experiment using a single 
genotype of this liverwort showed that marked changes 

- 
*Antheridiophores in this species are imbedded in the 

thallus in contrast to those of ~u~c~~~~ja which are erect. 

took place as the plant moved into its reproductive 
phase. Perhaps the most spectacular of these changes 
is the production of aureusidin 6-0-glucuronide as 
it appears, on PC in UV light, as a distinctive yellow 
fluorescent spot which turns reddish-orange in NH,. 
Its absorption spectrum and reagent induced shifts 
were found to be identical with those of 4,6,3’,4’-tetra- 
hydroxyaurone 6-0-glucoside (aureusin) isolated from 
Antirrhinum majus flowers. PC comparison in the solvents 
TBA and HOAc also indicated their apparent identity, 
but in H,O the liverwort aurone is more mobile, which 
is characteristic for flavonoid gly~osiduronic acid deriva- 
tives. Its identity as a glucuronide was substantiated 
by its resistance to acid hydrolysis, relative ease of 
enzymatic hydrolysis with /I-glucuronidase, and GLC 
analysis of the sugar produced on hydrolysis. The 
aglycone was shown to be 4,6,3’,4’-tetrahydroxyaurone 
(aureusidin), thereby defining the natural product as 
aureusidin 6-u-~-D-glucuronide. 

Aureusidin 4-0-glucuronide was found only in the 
antheridiophores of male plants and not in the associated 
thallus or in female plants. It is present in the plant 
for only 4-g weeks, the life span of these reproductive 
structures. The same aurone was also found in the 
antheridiophores of ~archantia ~oly~rpha and in 
a sample of Co~ocephalu~ supradecompositum.~ 
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DISCUSSION 

The occurrence of aureusldin as a glucuronide in 
IV. berteroana, M. polymorpha and C. supradecornpositunt 
is in accord with earlier chemical studies which show 
that these [I, 71 and other [S] liverworts of the order 
Marchantiales possess flavonoids which are predomi- 
nantly glycosylated with either glucuronic or galacturonic 
acid. However, the occurrence of aurones in bryophytes 
is unexpected in view of their apparent restricted 
distribution in the plant kingdom. To date they have 
been found in only 8 angiosperm families [9], where 
they are generally, but not always associated with 
flowers. The present finding, and that of bracteatin 
in Funaria [6] are therefore further examples of the 
occurrence in bryophytes of a chemical feature which 
had, until recently. been considered characteristic of 
higher plants. As such it would seem to strengthen 
the view [lo] that bryophytes have evolved biochemi- 
cally parallel with the higher plants to reach, in some 
cases, the level of biosynthetic sophistication achieved 
by the advanced angiosperms. 

EXPERIMENTAL 

Voucher specimens of M. berteroana and M. polymorpha 
are held at Massey University, Palmerston North (MPN 
17001 and 8575 respectively). The sample of Conocephalum 
supradecomposltum was supplied fresh m November 1976 
by Professor S. Hattori from the Hattorl Botanical Laboratory. 
Japan. 2DPC .was carried out on Whatman 3MM paper 
USLWJ t-BuOH-HOAGH,O (3 1.1) (TBA) and 15”5 HOAc 
(HOAc) and UV-visible spectra and reagent induced shifts 
were measured as previously described [l I]. 

Isolation procedure. Male and female plants from the same 
clone of M. berteroana were sampled throughout the growing 
season and the flavonolds were evaluated by 2DPC Extract 
derived from 50mg dried plant material was found to be an 
appropriate loading for a single PC. On the appearanq of 
antheridlophores larger samplings of male plants were made 
and PC analysis was carried out on both antherldiophore 
and thallus material Later, archegoniophore material was 
examined. A typical mature sample of male plants collected 
in early November yielded 1.05 g antherldiophore material 
from 2.6g sample. A total of 32 g fresh antherldiophores 
(4g dry wt) was extracted with Me,CO -HZ0 (1 1) and the 
aurone glycoslde was isolated by 2DPC Small samples of 
M. polymorpha antheridlophores and C. supradecomposltum 
were treated in the same way. Similar extraction and chromato- 
graphy ylelded authentic aureusm from yellow Anrirrhmum 
majus flowers. The M. berteroana aurone glycoside had PC 

properties. dark, UV absorbing spot (R, 0.08 (TBA), 0.04 
(HOAc)) turning red-orange in NH, and brilliant reddish- 
orange with Naturstoffreagenz A: and UV spectra ldentrcal 
to those published for aureusin. Their PC mobility m H,O 
however was different. aureusin (002). liverwort aurone 
(0.12) 

H vdrolyses. (1) Acid. Aureusin was completely hydrolysed 
to Iti aplycone, after 30 mm m 2N HCI at 100 The liverwort 
aurone- &ycoside was incompletely hydrolysed after 2 hr 
under the same conditions. The aglycones possessed Identical 
UV spectra and were chromatographically indlstmgmshable 
(R(0.31 (TBA).0.41 (BAW),O.O3(C,H,-HOAc ~HZO. 125.72 3). 
(2) Enzyme. Both auronc glycosldes were treated separately 
in HZ0 at 20 with fi-glucosidase and /I-glucurontdase. Aureusm 
was hydrolysed only by /j-glucosldasc and the liverwort 
aurone only by P-glucuronidase. The sugar produced from 
liverwort aurone was shown to be glucuromc acid by PC 
(n-BuOH-PyyH,O. 2.2 1) and GLC (TMS ethers on 3”,, 
OV-1. 170‘) comparison with authentic samples of glucuronic 
and galacturonic acids. 
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