Bisbibenzyl Formation in Aseptic Cultures of Marchantia polymorpha L.
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Three new aseptic cultures of Marchantia polymorpha from different collecting sites have
been induced from the gametophytes. The formation of bisbibenzyls in differentiated cultures
and cell suspension cultures was investigated. We observed that the production of the main
bisbibenzyl, Marchantin A was induced by lack of nitrate and the addition of cupric sulfate to
the medium. The comparison of bisbibenzyl patterns in three different cultures suggest the
existence of chemical races of M. polymorpha. Bisbibenzyl patterns in differentiated cultures
and cell suspension cultures appeared to be similar.

Introduction

Marchantia polymorpha L. (Marchantiales) is a
widely distributed thalloid liverwort containing
bisbibenzyls as characteristic phenolic constituents
[1]. The qualitative bisbibenzyl pattern of plant
material obtained from different collecting sites is
well investigated [2—4]. Marchantin A (4), the
main compound of many samples exhibits cyto-
toxic effects against tumor cells, antimicrobic and
muscle relaxing activity [5, 6].

This paper describes the identification and
quantitative determination of five bisbibenzyls in
axenic cultures of M. polymorpha. In vitro cultures
are very useful in the investigation of the forma-
tion of this interesting group of secondary meta-
bolites. They offer the great advantage of studying
product formation under well defined and re-
producible conditions. Effects of nutrients, organ-
ic and inorganic elicitors on the bisbibenzyl con-
tent were examined.

Materials and Methods
Plant material and culture conditions

Sterile cultures of Marchantia polymorpha L.
were initiated by surface disinfection of gameto-
phytes [7] obtained from Borfink (B), Dietrichin-
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gen (D) and the green house of the Botanical Gar-
den of the University of Heidelberg (HD). Cul-
tures were grown in 200 ml flasks under constant
illumination (2000 Lux) on Gamborg B 5 liquid
medium without phytohormons, containing 2%
sucrose [8]. For the different experiments the com-
position of the nutrient media was changed: 10%
P of the basic medium, 10% N of the basic medi-
um, S5g/l yeast extract, 4 g/l chitosan, 1 mMm
CuSO,. To obtain cell suspension cultures 1 ppm
2.4 D was added to the medium. The unchanged
medium was used as control in all experiments.
Cultures of Marchantia plicata, Marchantia berte-
roana and Marchantia chenopoda were also availa-
ble in our institute.

Voucher specimen are deposited in the “Herba-
rium des Fachbereich Botanik der Universitét des
Saarlandes”, Saarbriicken.

Isolation and identification of bisbibenzyls

Cultured plant material was extracted with
Et,0O. After removal of the solvent, the residue was
fractionated on silica gel using vacuum liquid
chromatography [9] with a hexane/ethylacetate
gradient (0—40% EtOAc (v/v)). The resulting four
fractions were chromatographed on Sephadex
LH-20. Fraction 1 gave compound 5 after HPLC
on Lichrospher RP 18 (MeCN/H,0 (60 + 40 vol-
ume parts)). Compound 4 was obtained by HPLC
from fraction 2 with the same solvent system as for
fraction 1. Compounds 2 and 3 were isolated from
fraction 3 by HPLC with MeCN/H,O (45 + 55 vol-
ume parts) as solvent. 1 was obtained directly from
the Sephadex LH-20 separation.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
@ @ @ in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
BY ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



840

Quantitative determination

Bisbibenzyls. Cultured plant material (40 mg dry
weight) was extracted with hot MeOH. After re-
moval of the solvent in vacuo, the residue was re-
dissolved in 0.5 ml MeOH/H,0O (80 +20 volume
parts) and passed through a Merck Adsorbex Cq
cartridge (100 mg) using the same solvent system
in order to remove non polar compounds and chlo-
rophyll. The eluate (2 ml) containing the bisbiben-
zyls was analyzed by HPLC using a Lichrospher
RP 18 column (4x250 mm) and MeCN/H,O
(172 g+ 270 g) containing 0.01% H;PO, (w/w) as
solvent and monitoring with UV at 275 nm. Car-
vacrol (Serva, Heidelberg) was used as internal
standard.

Nitrate. Nitrate content of the media was deter-
mined electrometrically using a nitrate selective
electrode.

Results and Discussion

Compounds 1-5 (Fig. 1) were isolated from the
diethylether extract of M. polymorpha and identi-
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Fig. 1. Bisbibenzyls from Marchantia species.
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fied as Marchantin A, Marchantin B, Marchantin
C, Marchantin H and Perrottetin E, according
their '"H NMR, '3*C NMR and MS data [9, 10]. An
analytical HPLC method for the quantification of
those five compounds was established as a combi-
nation of a solide phase extraction on reversed sili-
cagel as sample preparation and a RP HPLC
separation and quantification method.

Comparison of different Marchantia cultures

The HPLC quantification method was used for
the comparison of different Marchantia cultures.

The different bisbibenzyl patterns found in three
cultures (HD, D, B) grown under the same condi-
tions, reflect the chemical variability of M. poly-
morpha (Fig. 2).
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Fig. 2. Bisbibenzyl pattern of different sterile cultures of
M. polymorpha.

Furthermore the bisbibenzyl content of differ-
entiated cultures and cell suspension cultures of
the origin “HD” were compared. The five bisbi-
benzyls investigated could be traced in similar
amounts in differentiated cultures as well as in cell
suspension cultures (Fig. 3).

The analysis of three other Marchantia species,
M. plicata, M. berteroana and M. chenopoda, de-
monstrated that the HPLC method is also useful
as a screening method for bisbibenzyls in liver-
worts.

Marchantia plicata and Marchantia berteroana
contain Marchantin A as the main compound.
The main bisbibenzyl of Marchantia chenopoda is
Marchantin C.
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Fig. 3. Comparison of bisbibenzyl content in differen-
tiated cultures and cell suspension cultures of M. poly-
morpha.

Constitutive formation of bisbibenzyls

Fig. 4 shows the bisbibenzyl profile in the differ-
entiated cultures (HD) during growth for 8 weeks.
Perrottetin E, Marchantin C and Marchantin B
concentrations remain at a low level. After an ini-
tial increase caused by the subculturing stress Mar-
chantin H content reaches a constant level of
about 0.65 mg/g dry weight. The most interesting
time course shows the Marchantin A content.
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Fig. 4. Growth and bisbibenzyl content in M. polymor-
pha cultures (Inoculum 0.028 g dry weight = 100%).
(——-) Dry weight, (A—A) Perrottetin E, (0—®)
Marchantin A, (A—A) Marchantin H, (O—O) Mar-
chantin B, (O0—0O) Marchantin C.

After a relative maximum level on the 8th day of
growth also caused by subculturing, Marchantin
A accumulation starts during exponential growth
phase after 28 days and is maintained in the sta-
tionary phase. This observation suggests that nu-
trient limitation might stimulate the Marchantin A
accumulation.

To investigate the influence of nutrient limita-
tion, media with reduced contents of phosphate,
nitrate and glucose were examined and compared
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Fig. 5A. Marchantin A content and nitrate content dur-
ing growth of M. polymorpha, unmodified medium.
(®@—®@) Marchantin A; (O—O) nitrate.

25 ——————T—— 77— 2000

500

Marchantin A [mg/g dry weight]
IS
o
]

Nitrate content im medium Cmg/I]

$.
ol Sglg oo gl o lo J s ilg

10 20 20 40 50
time Cd]
Fig. 5B. Marchantin A and nitrate content during

growth of M. polymorpha in nitrate reduced medium.
(®@—®@) Marchantin A, (O—O) nitrate.
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with the non-modified medium. Lack of phos-
phate and glucose did not have any significant
effect on the bisbibenzyl content. As demonstrated
in Fig. 5, nitrate limitation is responsible for the
Marchantin A accumulation. In the unmodified
medium, Marchantin A started to accumulate as
soon as nitrate was depleted (Fig. 5A). Immediate-
ly after subcultivation of M. polymorpha in a ni-
trate reduced medium (containing only 10% of the
normal nitrate amount) a high concentration of
Marchantin A was observed (Fig. 5B). These re-
sults show the accumulation of Marchantin A to
be inverseley correlated with the presence of ni-
trate in the medium.

Influence of organic and inorganic elicitors

Yeast extract contains glucans which can elicit
the formation of new phenolic secondary metabol-
ites [11] or stimulate the production of constitutive
phenolics such as rosmarinic acid in Orthosiphon
aristatus cell cultures [12]. Chitosan is also known
as elicitor [13] as well as cupric sulfate [14].

The effects on bisbibenzyl production of yeast
extract, chitosan, and cupric sulfate have been
tested. Yeast extract and chitosan did not affect
the bisbibenzyl content.

As shown in Fig. 6, addition of cupric sulfate to
the medium at day 28 of growth, in a final concen-
tration of 1 mMm induced a strong formation of
Marchantin A in comparison to the control. The
content of Marchantin A increased within two
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days from 0.45 mg/g to 1.1 mg/g dry weight. This
formation was selective for Marchantin A com-
pared to the other bisbibenzyls.

From these results it can be concluded that Mar-
chantin A is a secondary metabolite with biologi-
cal importance for the plant. Generally liverworts
do not possess lignified tissue as mechanical bar-
riers against microbial destruction. Furthermore,
liverworts are in strong competition with microbes
in their natural habitat. The formation of the cyto-
toxic and antimicrobial Marchantin A might be
explained as a protective reaction against microbi-
al destruction under stress conditions.
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Fig. 6. Marchantin A content after addition of CuSO, to
the medium. (@—@®) Control, (@ ———®) with CuSO,.
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