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Reboulia hemisphaerica has been cultivated on G am borg  B5 m edium  with various sugars. 
D ifferentiated cultures grew best on agar m edium  w ith the addition  o f  0.5%  sucrose and a 
light regime o f 18 h light/6 h dark. Callus was induced either by a com bination  o f phy toho r­
m ones (2 mg/1 a-naphthylacetic acid + 1 mg/1 kinetin) or by 4%  glucose. The differentiated 
cultures on agar produced sesquiterpenes in a tenfold increased am oun t com pared to undiffer­
entiated suspension cultures. C ultures kept in dark  produced no sesquiterpenes, but 
5-hydroxy-7,8,4'-trim ethoxyflavone was present w hereas apigenin-7,4 '-dim ethylether was the 
only flavonoid in cultures cultivated in the light.

Introduction

Liverworts are a rich source o f different second­
ary products, especially o f terpenoids [1]. The 
am ount o f plant m aterial available for chemical 
analysis is often limited. In vitro cultures offer the 
possibility o f obtaining sufficient am ounts [2]. Re­
boulia hemisphaerica (L.) R addi, G rim aldiaceae, is 
a thalloid liverwort containing dark  brow n oil 
bodies dispersed in the thalli. A num ber o f sesqui­
terpene hydrocarbons as well as aristolone have 
been previously described for the plant [3 -5 ]. Re­
cently, we described the identification o f ( + )-gym- 
nom itr-8(12)-en-9a-ol and (R )-(-)-8 ,l 1-dihydro- 
a-cuparenone from  m aterial collected in southern 
France [6], A lthough R. hemisphaerica was am ong 
the first liverworts to be aseptically cultivated in vi­
tro [7], nothing is known about secondary product 
form ation in the cultures.

Materials and Methods

Aseptic cultures of R. hemisphaerica were p ro ­
vided by the Institute o f Botany, Czecho-Slovak 
Academy o f Sciences, C ulture Collection o f Auto- 
trophic Organisms, Trebon, C .S .F .R . The cultures 
had been isolated in 1941 and kept at 15 °C and 
8 h illum ination per day on agar m edium  w ith 1 m 
N H 4N 0 3, 0.1 m M g S 0 4, 1 m CaCL and 0.01 m
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FeC l2. The cultures used were derived from  the 
cultures obtained from  Trebon. Basal media for 
the cultivation was either B5 [8] or MS [9]. Trace 
elements were those o f M SK-2 [10]. Surface cul­
tures were with the addition o f 9 g/1 Difco Bacto- 
A gar. The m edia were adjusted to pH 6.0 before 
autoclaving. Suspension cultures were shaken on a 
reciprocal shaker at 120 rpm . The standardized 
grow th conditions were continuous fluorescent 
white light o f  abou t 2500 lx a t 22 ±  1 °C. The cul­
tures were kept in 200 ml Erlenmeyer containing 
50 ml liquid or solidified medium. Inoculum  size 
was 2 g fresh weight. The influence of sugars on 
grow th and m orphology was tested with the fol­
lowing sugars; sucrose 2% , 1% and 0.5% ; glucose 
0.5% ; lactose 0.5% , and galactose 0.5%.

Callus cultures were on M S-medium either with 
2 mg/1 a-naphthylacetic acid (NAA) and 1 mg/1 ki­
netin (K IN ) or with 4%  glucose. Glucose was de­
term ined with an enzyme kit “sucrose/glucose” 
from  Boehringer (M annheim ). N itrate, am m o­
nium  and phosphate were determ ined with the re­
spective test system “spectroquant” from M erck 
(D arm stadt). A 30 1 ferm enter was run for 30 days 
in the dark  with an inoculum  o f about 5 g by D i­
versa C om pany H am burg. 120 g dried plant m ate­
rial grown under continuous light were extracted 
w ith E tzO at room  tem perature for isolation and 
structure elucidation o f ß-hydroxy-gym nom itran- 
9-one (100 mg) and other terpenoids [11] and api- 
genin-7,4'-dim ethylether (80 mg). 133 g dry weight 
o f dark  grown cultures were extracted with C H 2C12 
a t room  tem perature for the isolation of 5-hydroxy-
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7,8,4'-trim ethoxyflavone (80 mg). The flavonoids 
were isolated by a com bination o f colum n chrom a­
tography on silicagel with petro lether/E tO A c g ra­
dients and on Sephadex LH-20 with CHC13/ 
M eOH (1:1). They were characterized by their 
MS-, UV-, IR-, and ‘H N M R  and ,3C N M R -spec- 
tra.

5-H ydroxy-7,4'-dime thoxyflav one (6): UV 
( ^ n m :  268, 294 (sh) 327);'5H 12.78 (s, O H ), 7.81 
(2 H, d, J = 9  Hz, H-2', 6') and 7.00 (2H , d, 
J=  9 Hz, H-3', 6'), 6.55 (s, H-3), 6.45 and 6.33 (2H , 
both s, 7 = 9 .2  Hz, H-8, 6).

5-H ydroxy-7,8,4'-trimethoxyflavone  (7): UV 
( C n m :  274, 301, 320 (sh); 5H 12.60 (s, O H ), 7.88 
(2H , d, / =  9.2 Hz, H-2', 6') and 7.02 (2H , d, 
J=  9.2 Hz, H-3', 5'), 6.56 and 6.41 (2H , both  s), 
3.93,3.92 and 3.88 (3 x 3 H ,s).

The main sesquiterpene, ( + )-gym nom itr-8(12)- 
en-9a-ol, was quantified th rough gaschrom a- 
tography (GC) w ith m ethylpalm itate as internal 
standard. GC equipm ent and conditions: Vega 
6000, Carlo Erba (M ilano, Italy), DB 1 fused silica 
column, 30 x 0.25 mm, J. and W. Scientific; Heli­
um; injector at 250 °C; F ID  at 230 °C: tem perature 
program : 110 °C — 3 min, 110— 150 °C, 2 °C/min; 
150-220 °C, 5 °C/min; 220 °C -  10 min.

Results and Discussion

Growth and morphology o f  the cultures: R. hemi- 
sphaerica grew as differentiated plants on G am - 
borg B5 media. The shape of the thalli varied 
under the influence of different kinds and concen­
trations o f added sugars. The broadest thallus 
(20 mm) was achieved with 2%  sucrose. W hen 1% 
and  0.5%  sucrose, 0.5%  glucose or 0.5%  lactose 
were added, the thalli reached only 10 mm and 
only 5 mm with 0.5%  galactose. Rhizoids were nu­
m erous on medium with sucrose and glucose, their 
num ber was however reduced on media with lac­
tose or galactose. The num ber o f oil cells was high­
est (2 0 -3 0  m m 2) when 1% sucrose and lower 
(1 0 -2 0  m m 2) when any other sugar was added. 
G row th under standard  conditions showed the 
typical sigmoid pattern  (Fig. 1).

M axim al growth under standard conditions in 
continuous light with various sugars was achieved 
with 0.5%  glucose (Fig. 2). Sucrose concentrations 
above 0.5%  did not lead to a further increase in 
fresh weight. V ariation o f the light regime, 18 h 
light/6 h dark  or 12 h ligh t/12 h dark, resulted in a 
better grow th (com pared to continuous light) 
(Fig. 3).

Callus induction was achieved either on 
M S-m edium  with the addition o f 3%  sucrose,
2 mg/1 N A A  and 1 mg/1 K IN , or on the same basal 
m edium  with 4%  glucose. The m orphology o f the 
two different calli was similar. It consisted o f dark  
green lum ps with sphaerical or oval cells o f 30 to 
50 |im  diam eter. Fresh weight increase was higher 
in the phytohorm one-induced callus (Fig. 4) than

H

HO

CH,0

6 R = H

7 R = 0CH.

OH

OCH,

0.50

0.40

0.30

S’ 0.20 

~  0.10

days

Fig. 1. Fresh (□ ) and dry (■ ) weight increase o f  R. hemi- 
sphaerica cultures on B 5-medium with 0.5%  sucrose un­
der continuous light o f 2500 lx at 22 °C (m ean o f 4 inde­
pendent series o f cultivation).
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sucrose sucrose sucrose glucose lactcose galactose without
sugar

Fig. 2. Fresh ( E3 ) and dry ( ■ ) weight o f R. hemisphae- 
rica cultures on B 5-medium with various sugars under 
continuous light o f 2500 lx at 22 °C after 40 days o f cul­
tivation. Inoculum  2 g fresh weight corresponding to 
0.12 g dry weight (m ean o f 4 independent series o f culti­
vation).

in the callus induced with 4%  glucose (Fig. 5). 
However, dry weight increase was higher in the 
glucose generated calli. Both cultures differentiat­
ed to plantlets when retransferred to standard  B 5 
m edia with 0.5%  sucrose.

S tarting from  callus cultures on agar with 4% 
glucose, we established suspension cultures. They 
grew in undifferentiated form  on B 5 medium with 
2%  glucose added. The grow th characteristics un ­
der continuous light are outlined in Fig. 6. Dry 
weight increase stops at day fourteen when glu­
cose, am m onium , n itrate, and phosphate in medi­
um  are alm ost exhausted (Fig. 6, 7). F rom  the two 
nitrogen sources, am m onium  is preferentially 
taken  up in the beginning whereas n itrate is used in

0.50

0.40

0.30

0.20

0.10

0.00
0.5% 

sucrose 
18h light / 6h dark

0.5% 
sucrose 

12h light / 12h dark

Fig. 3. Fresh ( □  ) and dry ( ■  ) weight o f R. hemi- 
sphaerica cultures on B 5-medium, 0.5%  sucrose with a 
light regime o f 18 h light/6 h dark  and 12 h light/12 h 
dark , respectively, after 40 days o f cultivation (mean o f 4 
independent series o f  cultivation).
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Fig. 5. Fresh (□ ) and dry (■ ) weight increase o f callus 
cultures o f  R. hemisphaerica on M S-m edium  with the ad ­
dition  o f 4%  glucose, w ithout phytohorm ones, under 
continuous light o f  2500 lx at 22 °C (m ean o f 4 inde­
pendent series o f cultivation).
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Fig. 4. Fresh (□ ) and dry (■ ) weight increase o f callus 
cultures o f R. hemisphaerica on M S-medium with the 
addition  o f 3% sucrose, 2 mg/1 N A A  and 1 mg/1 K IN , 
under continuous light o f 2500 lx at 22 °C (mean o f 4 
independent series o f cultivation).
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Fig. 6. Fresh (□ ) and dry (■ ) weight increase and glu­
cose concentration  (O) o f R. hemisphaerica suspension 
cultures in B 5-medium with 2% glucose under continu­
ous light o f  2500 lx a t 22 °C (m ean o f 4 independent se­
ries o f cultivation).
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Fig. 7. N itrate (□ ), am m onium  (■ ) and phosphate (O) 
concentration o f R. hemisphaerica suspension cultures in 
B 5-medium with 2% glucose under continuous light o f 
2500 lx at 22 °C (mean o f 4 independent series o f cultiva­
tion).
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Fig. 9. N itrate  (□ ), am m onium  (■ ) and phosphate (O) 
concentration  o f  R. hemisphaerica suspension cultures in 
B 5-medium with 2%  glucose cultivated in the dark at 
22 °C (m ean o f 4 independent series o f cultivation).

substantial am ounts only from day seven when 
am m onium  ions are alm ost consum ed. Unlike sus­
pension cultures of higher plants only a few mosses 
and liverworts could be cultivated in the dark  [12]. 
Cultures o f Marchantia polymorpha, Jungermannia 
subulata, Calypogeia granulata and Heteroscyphus 
bescherellei did not grow in the dark  even if a suffi­
cient am ount o f sugar was present in the medium 
[12-14]. In contrast, Barbula unguiculata [15] and 
Marchantia paleacea [16] continued to grow and 
synthesize chlorophyll in com plete darkness. R e­
cently, Takio et al. [17] reported the photosynthet­
ic ability o f dark-grow n R. hemisphaerica. O ur sus­
pension cultures from R. hemisphaerica cultivated 
in the dark showed similar growth characteristics 
as in the light (Fig. 8). However, glucose was con-

days

Fig. 8. Fresh (□ ) and dry (■ ) weight increase and glu­
cose concentration (O) o f R. hemisphaerica suspension 
cultures in B 5-medium with 2% glucose cultivated in the 
dark  at 22 °C (mean o f 4 independent series o f  cultiva­
tion).

sumed m ore rapidly and dry weight paralleled 
fresh weight increase. A m m onium  and nitrate 
were equally consum ed from  the beginning 
(Fig. 9). A 30 liter ferm enter was run for 30 days 
with a 20%  inoculum. The fresh weight increase 
was 7 g/1 in 30 days which was low com pared to 
12 g/1 and to 17 g/1 within 7 days for shaked cul­
tures in 1000 ml and 2000 ml Erlenmeyer flasks 
used for upscaling.

Production o f  secondary compounds

Recently, from  m aterial collected in southern 
France we isolated the sesquiterpenes 8,12-dihy- 
dro-a-cuparenone (1), a-cuparenone (2), ( + )-gym- 
nom itr-8(12)-en-9a-ol (3) and a-zeorin (4) [6]. (3) 
was the m ain com pound with 130 mg from 100 g 
o f dry m aterial. (3) was also the main com pound 
for cultivated differentiated cultures with 700 mg/ 
100 g. F rom  the culture m aterial we further isolat­
ed 83 m g /100 g o f a new gym nom itran-derivative 
which was determ ined to be 8 ß-hydroxy-gym- 
nom itran-9-one (5) [11]. (5) could not be detected 
in field-collected m aterial and is not yet described 
in the literature. However, as we worked with dif­
ferent m aterial, such m aterial which was collected 
in southern France and cultivated m aterial isolat­
ed m ore than  fourty years ago from  a place near 
H am burg, it rem ains unclear if the form ation o f 
the product is due to a different environm ent or to 
genetic variation. In the case of flavonoids detect­
ed in the culture different structures were obtained 
from  light and dark  grown cultures. From  cultures
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cultivated under continuous light, we isolated 
67 m g /100 g o f 5-hydroxy-7,4'-dim ethoxyflavone 
(=  apigenin-7,4'-dim ethylether) (6). From  the dark  
grown ferm enter cultures we isolated 60 m g /100 g 
5-hydroxy-7,8,4'-trim ethoxyflavone (7). (6) could 
not be detected in dark  grown cultures. (7) could 
not be detected in light grown cultures. The m ain 
sesquiterpene (3) was quantified by gas ch rom a­
tography for differentiated light grown agar cul­
tures and for undifferentiated light grown suspen­

sion cultures. Its am ounts were 700 m g/100 g in the 
agar cultures and 60 m g /100 g in the suspension cul­
tures.

It is interesting to note that undifferentiated cul­
tures contained less than one tenth  o f the main ses­
quiterpenes com pared to the differentiated cul­
tures. This is in agreem ent with similar results 
from  Fossombronia pusilla [18]. However, Takeda 
and K atoh  [14] reported an even higher yield in un­
differentiated cells than  in intact plants.
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