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Heterotrophic cell suspension cultures of Ruta graveolens were established by reversion of 
photom ixotrophic cultures without any change in the chemical composition of the growth 
medium. The heterotrophic cultures were qualitatively and quantitatively analyzed by gas- 
chromatography and mass spectroscopy for volatile compounds. The terpenoid hydrocarbons 
geijerene and pregeijerene, C6-C8 ketones, acetic acid n-butylester and a series of aliphatic C4-C9 

primary and secondary alcohols were found as main constituents. Two isomeric sabinene hydrates 
were also isolated as new constituents of rue cells. The data are discussed in comparison to results 
obtained with photom ixotrophic cell suspension cultures.

Introduction

C om parative studies on secondary constitutents in 
photosynthetically  active and  heterotrophic cell cul­
tures of higher plants have shown that the m ode of 
carbon supply and the p a tte rn  of cellular differentia­
tion greatly determ ines the spectrum  of accum ulating 
com pounds [1—6]. R eversion of photoauto trophic or 
photom ixotrophic cell suspension cultures to hetero ­
trophic cells and vice versa  represents a m eans to 
determ ine w hether the p resence or absence of func­
tioning chloroplasts contributes to  secondary product 
form ation [4, 5, 7].

In continuation  of our analyses of volatile con­
stituents from  photom ixotrophic cell suspension cul­
tures of R uta graveolens [8] we have now reversed 
these cells to  hetero troph ic cell cultures and here 
report a detailed  investigation of the volatiles from 
non-green rue cell cultures. These studies again 
prove the d ifferent poten tia l for secondary m etabo­
lism of hetero trophic and photosynthetically active 
cell cultures because the high yields of aliphatic es-

A bbreviations: 2 ,4-D , 2,4-dichlorophenoxyacetic acid; MS, 
mass spectroscopy; GC, gaschromatography; RT, reten­
tion time.
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ters characteristic for the photom ixotrophic cultures 
have not been found in hetero trophic cells.

Materials and Methods

Cell cultures

Photom ixotrophic cell suspension cultures as 
grown for previous investigations [8] w ere reversed 
to hetero trophic cell cultures by incubation in com ­
plete darkness w ithout any alteration  in the nu trien t 
m edium . The suspensions w ere kep t in 200 ml E rlen- 
m eyer flasks with 40 ml m edium  and 2,4-D  as phy to ­
horm one. All o the r details of the culture procedure 
and the collection of cells w ere essentially as p rev i­
ously described [8]. The reversion process was fol­
lowed by m easuring the decrease of the chlorophyll 
content [8].

Extraction procedu re

O ur established m ethods for the extraction of fro ­
zen ( —40 °C) cells (250 g) and for the fractionation  
of cellular constituents w ere as described earlier 
[8- 10],

G aschrom atography and m ass spectroscopy

The procedures for gaschrom atography of volatile 
constituents and the ir identification by mass spec­
troscopy have been repo rted  [8 , 11]. The quantita-
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tive determ ination  of all com pounds using undecane- 
carboxylic acid m ethylester as reference com pound 
has also been outlined in earlier reports [8 , 11].

Reference com pou n ds

(E )- and (Z )-sabinene hydrate were synthesized 
from  sabinene according to [16]. All o the r reference 
com pounds w ere from  the collection of the W eihen- 
stephan institute.

Results

W ithout change of the culture m edium  the photo- 
m ixotrophic R uta graveolens  cell suspension cultures 
as used in previous experim ents [8] were tu rned  into 
hetero trophic [4] cell suspensions by incubation in 
darkness. The grow th yield was hereby som ew hat 
reduced though these suspensions finally yielded 
5 ± 0 .2  g fresh weight from  1 g inoculum  in 14 days. 
A fter 4 —5 passages the chlorophyll content had 
dropped below  the level of detection. Cells for d e te r­
m ination of volatiles w ere harvested in early sta tion­
ary phase.

Isolation and structural elucidation o f  volatile 
com pou n ds

The to ta l m ethanol extract [9] of 250 g h e tero ­
trophic rue cells was fractionated  into 3 fractions and 
analyzed by gaschrom atography-m ass-spectroscopy 
[8]. The identification of com pounds and their quan ­
titative determ ination  w ere carried out essentially as 
in our earlier experim ents [8—11].

Fraction 1 (Table I) contained a series of hydrocar­
bons which could only partially be identified. Gei- 
jerene and pregeijerene were again found as the 
m ost prom inent constituents in this fraction. The 
com plete structural elucidation of the various isogei- 
jerene com pounds w arrants fu rth e r investigations 
though these products appear to  be artifacts form ed 
during the isolation procedure.

Fraction 2 (Table II) mostly contained a series of 
ketones and, as the main constituen t, acetic acid n- 
butylester in addition to small am ounts of various 
esters of aliphatic and arom atic acids. In contrast to 
the photom ixotrophic rue cultures [8] aliphatic a lde­
hydes and prim ary alcohols could no t be detected  in 
this fraction.

In fraction 3 (Table III) low am ounts of num erous 
prim ary and secondary alcohols could be identified 
which have also not been found in free form  in the 
green cell cultures of R. graveolens. Q uite surprising­
ly the two isom eric sabinene hydrates were found as 
hitherto  unreported  constituents of rue cells or 
plants. O ther terpenoids previously reported  to 
occur in R. graveolens such as m yrcene and linalool 
as well as lim onene, 1,8-cineol and  pinene [12] were 
absent from  the cell extracts. A ccording to  M aarse 
et al. [13] such com pounds m ight be artifacts origi­
nating from  im proper isolation procedures such a 
prolonged steam  distillation of volatiles.

The quantitative data in T ables I —III on the c 
currence of volatile constituents in R. graveolens  
heterotrophic cell cultures docum ent that m ost o f the 
com pounds occur in very small am ounts only. Except 
for pregeijerene all com pounds occur in much lower

Table I. G C —MS analysis and quantity o f hydrocarbons (fraction 1) obtained from 
heterotrophic cell suspension cultures o f Ruta graveolens. The retention index (R,) 
of each compound was determined on a carbowax 20-M column using a defined 
temperature gradient [9]. The mass fragments (m/e) are arranged in decreasing 
intensity with M" indicating the largest mass fragment observed.

R. Compound Mass fragments 
(m/e)

M + Quantity 
(Hg/kg fr.w.)

1315 Geijerene derivative 79, 94, 41, 91, 77 147 n.m.
1325 Geijerene 79, 94, 41, 77, 91 162 480
1429 Isogeijerene A 91, 105, 41, 92, 77 162 n.m.
1473 Isogeijerene B 91, 79, 147, 105, 41 162 n.m.
1492 Isogeijerene C 91, 147, 41, 105, 79 162 n.m.
1536 Isogeijerene D 147. 91, 41, 105, 162 162 n.m.
1577 Pregeijerene 79. 94, 41, 77, 91 162 1040

n.m. — not measured.
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Table II. G C —MS analysis and quantity of ketones and 
esters (fraction 2 ) obtained from heterotrophic cell suspen­
sions o f Ruta graveolens. M eans of identification were com ­
parison o f mass spectra (MS) and of GC-retention times 
(RT) with authentic reference compounds.

Compound Identi­
fication

Quantity 
(Mg/kg fr.w.)

3-hexanone MS, RT 80
2 -hexanone MS, RT 2 0 0

3-heptanone MS, RT 240
2 -heptanone MS, RT 60
4-octanone MS 1 0

3-octanone MS, RT 80
2 -octanone MS, RT 2 0

2 -nonanone MS, RT 15
2 -decanone MS, RT < 1 0

2 -undecanone MS, RT 80
2 -tridecanone MS, RT 2 0

iso-octanone (C 8H 160 ) MS < 1 0

5-nonanone MS, RT 2 0

p-menthan-4-ol MS, RT 25
acetic acid-n-butylester MS, RT 1 0 0 0

-«-nonylester MS, RT 2 0

-2 -undecylester MS, RT 50
2 -methylbutyric acid-octyl ester MS, RT < 1 0

3-methylbutyric acid-octyl ester MS, RT < 1 0

benzoic acid methyl ester MS, RT 25
phenylacetic acid methyl ester MS, RT 40

Table III. G C —MS analysis and quantity of aldehydes and 
alcohols (fraction 3) obtained from heterotrophic cell sus­
pensions o f Ruta graveolens. M eans o f identification as 
m entioned in legend of Table II.

Compound Identi­
fication

Quantity 
( Mg/kg fr.w.)

(£)-sab inene hydrate MS, RT 25
(Z)-sabinene hydrate MS, RT 70
malonic acid dimethylester MS, RT < 1 0

3-pentene-2-one MS, RT 2 0

2 -methyl-2 -butenal MS 60
(E , £)-2,4-hexadienal MS, RT 25
decanal MS, RT 1 0

benzaldehyde MS, RT < 1 0

2 -pentanone MS, RT 2 0

2 -methylbutan-2 -ol MS 2 0

butan-2 -ol MS, RT 1 0 0

pentan-2 -ol MS, RT 2 0

heptan-3-ol MS, RT 2 0

octan-4-ol MS, RT < 1 0

octan-3-ol MS, RT < 1 0

nonan-5-ol MS, RT < 1 0

2 -methylpropanol MS, RT 2 0 0

«-butanol MS, RT 1 0 0

«-pentanol MS, RT 40
rt-hexanol MS, RT 2 0

Ai-octanol MS, RT 1 0

quantity than m easured for the volatiles of green rue 
cells [8].

Discussion

These and our previous studies [8] based on d e­
tailed and highly sensitive analyses docum ent that 
cell suspension cultures of R. graveolens  possess the 
potential to form  a large num ber of volatiles. In view 
of the com paratively low yield of the constituents it 
m ust be rem em bered that no selection processes for 
high yielding cell lines have been conducted so far.

The structures of the com pounds listed in Tables I 
to III also show that a variety of different secondary 
biosynthetic pathways m ust be expressed in these 
heterotrophic rue cells. Form ation of the hydrocar­
bons geijerene and pregeijerene which are roo t con­
stituents of R. graveolens  [15] is again found (T a­
ble I). Expression of this biosynthetic pathw ay in cell 
cultures appears to be largely independend from  the 
type of cell culture because the photom ixotrophic 
rue cell suspensions [8] showed the sam e property  
though in much sm aller am ounts.

In general agreem ent with previous researchers [1, 
2, 14] using green and hetero trophic callus cultures 
the chemical com position of the volatiles of light- 
grown and dark-grow n R. graveolens cells is striking­
ly different. O ur detailed G C —MS data clearly prove 
these differences (Tables II, III and [8]).

Thus, the characteristic constituents of pho to ­
m ixotrophic cells are the C9-C 13 m ethylketones and a 
series of esters of 2-m ethylbutyric acid and 3-methyl- 
butyric acid esterified with straight chain or branched 
C8-Cn alcohols. Except for trace am ounts of 2-un- 
decanone, 2-tridecanone and the octylester of
2-m ethylbutyric acid and 3-m ethylbutyric acid these 
com pounds are practically absent from  the h e tero ­
trophic cells. It is safe to postu late that these charac­
teristic constituents of photosynthetically active cells 
are the result of chloroplast m etabolism .

On the o ther hand, hetero trophic rue cells p ro ­
duce a com plex m ixture of C6-C8 ketones, acetic acid 
«-butylester and a series of C4-C9 prim ary and sec­
ondary alcohols which have not been found in the 
green cell cultures. It m ust again be m entioned that 
this pronounced shift in the pattern  of secondary 
volatile constituents is the result of reversion of a 
green to a non-green culture w ithout any change in 
the chemical com position of the nu trien t m edium  
and w ithout any exogenous alteration  of the phyto- 
horm onal situation of the cells.
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F urther application of reversion experim ents of 
green to  non-green cells and vice versa obviously of­
fers a m eans to analyze how secondary biosynthesis 
is effected by cellular carbon m etabolism  and by the 
presence of functioning chloroplasts. F urtherm ore, 
com parative studies using these two types of plant 
cell cultures obviously widens the applicability of the 
cell culture technique for investigations on leaf and/ 
or roo t constituents of higher plants because the es­

tablishm ent of better producing systems seems to  be 
m ore feasable.
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