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Abetrnct-In Calendula officinalis leaves the cyclization of squalene to /I-amyrin and its further oxidation to oleanolic 
acid as well as the biosynthesis of all derivatives of oleanolic acid 3glucoside and some derivatives of oleanolic acid 
3ghrcuronoside occur in the microsomal fraction. The final metabolites of oleanolic acid 3-ghrcoside series i.e. 
pentaglycosides. are translocated from this fraction, one to the cell wall and plasmalemma fraction and the other to the 
cytosol. The derivatives of oleanolic acid 3-glucoronoside are synthesized partially in other fractions and accumulate 
in the different membraneous structures of the cell. 

MTRODUCIION 

Oleanolic acid, formed in Calendula oflcinalis by 
oxidation of the 28-Me group of g-amyrin, does not occur 
in the leaves as the free acid but is found in the form of two 
glycoside derivatives, the 3,monoglucuronoside (glu- 
curonosides) and the 3-monoglucoside(glucosides) [1,2]. 
Three of the glucuronosides containing sugars exclu- 
sively at the 3-hydroxyl of oleanolic acid are the 3- 
glucuronoside (F), the 3’- (or 2’-)galactosyl-glucuronoside 
(D) and the 4’glucosyl (3’-galactosyl)-glucuronoside (B) 
respectively. The remaining two glucuronosides (C and 
A) are glucoside esters of glycosides D and B respectively, 
containing an additional glucose residue bound to the 
C-17 carboxyl of the aglycone [3,4]. The series of ghico 
sides containing sugars exclusively at the 3-hydroxyl of 
oleanolic acid are the 3-glucoside (lg), the 3(4’-galactosyl)- 
glucoside (Zg), 3(4’-digalactosyl)-glucoside (3g), 3(3’- 
diglucosyl, 4-digalactosylhglucoside (6g) and 3(3’-tri- 
glucosyl, 4’-galactosyl)-glucoside (7g). 

Subsequent studies [5] have shown that pentaglyco- 
side 6g and, to a small extent, pentaglycoside 7g are 
transported from C. ojkinalis leaves to the root, where 
they undergo gradual deglycosylation to oleanolic acid 

163. 
The aim of the present study was to examine the distri- 

bution and mevalonate [2-‘*C]-labelling dynamics of 
pentacyclic triterpenes in cellular subfractions of C. 
ojkinalis leaves, to gain information on the site of bio- 
synthesis of these compounds and on their translocation 
within the cell. 

BESULTS AND DISCUSSION 

In studies on the triterpene distribution in the cellular 
subfractions of C. oj’Icinalis leaves, each of the subfrac- 
tions was obtained and characterized as previously 
described [7]. Glycosides were separated by chromato- 
graphy and then hydrolyzed, their content of oleanolic 
acid was determined by gas chromatography ofthe methyl 
ester. Triterpene alcohols were quantitatively determined 

after TLC by acetylation with radioactive acetic an- 
hydride, as previously reported [7]. As shown in ref. 
[7] radioactive squalene occurred mainly in the micro- 
somal fraction (IV). In this fraction the radioactivity of 
squalene decreased from the beginning of the experi- 
ment, this pointing to rapid transformation of this com- 
pound both into sterols and /I-amyrin. 

The determinations have shown the presence of /I- 
amyrin and erythrodiol in the microsomal (IV), mito- 
chondrial -Golgi (III) and chloroplast (II) fractions, 78 % 
of /I-amyrin and 65 % of erythrodiol being localized in 
fraction IV (Table 1). 

While the investigated subfractions contained no 
free oleanolic acid, they contained its glycosides, whose 
distribution are also recorded in Table 1. The amount 
of oleanolic acid in the derivatives of oleanolic acid 3- 
glucoside was five times lower than that in the 3-glucuro- 
noside derivatives. When listed in order of decreasing 
contenf the glucosides assumed the following sequence : 
pentaglycoside 6g (55%), monoglucoside lg (23 %), 
second pentaglycoside 7g (10 %), triglycoside 3g (7 %), 
and diglycoside 2g (5 %). In fraction IV all the derivatives 
of oleanolic acid monoglucoside were present and con- 
stituted 42% of total cell glucosides. Fraction III con- 
tained glycosides lg, 3g and 6g (17 % of total), fraction II 
contained glycoside 6g (1 %), fraction 1 contained only 
glycoside 7g (7 %) and fraction V had a large amount of 
glycoside 6g and much smaller amount of glycoside 7g 
(33 %). 

Different results were obtained for derivatives of 
oleanolic acid 3glucuronoside. When listed in order of 
decreasing content, these compounds assumed the fol- 
lowing sequence: diglycoside D (51%), triglycoside C 
(25 %), second triglycoside B (15 %), monoglucuronoside 
Ff5 %) and tetraglycoside A (4 %). 61% of all glucurono- 
sides were oresent in fraction III. 25 % in fraction I, 9 7 
in fraction II, 5% in fraction IV add less than lo% ii 
fraction V. In fraction IV the presence of glycosides F, D 
and C was proved, while fraction III contained glycoside 
D in higher amount than glycoside C and also small 
amounts of glycosides B and k In the fraction II and I 
all derivatives of oleanolic acid 3glucuronoside, except 
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Table 1. The quantitative determinations of &unyrin, erythto&oI, derivatives of oleqnolic acid 3-glucuroncside and 3-glue&de 
in subeellular fraction of C. 0jIcinulis leaves* 

I II III IV V Sum 
Fraction protein mg+ 2,3 034 099 1.8 1,6 6.4 

Compound pg % &g % pg % ug % &I % Pg % 

&Amyrin 
Erythrodiol 
Oleauolic acid 

in glycosides 
F 
D 
c 
B 
A 
Total 

glucuronosides 
tg 
2g 

2 
7 g 
Total 

glueosides 

0.00 0 0.12 5 0.42 17 1.96 78 0.00 0 2.5 loo 
0.00 0 0.04 20 0.03 15 0.13 65 0.00 0 0.2 loo 

0.0 0 0.0 0 1.9 37 2.5 49 
8.9 17 4.8 9 35.9 71 1.7 3 
2.5 10 0.6 2 22.0 86 0.4 2 

10.6 72 2.7 18 1.4 10 0.0 3.5 78 0.6 13 0.4 9 0.0 8 

25.5 8.7 61.6 4.6 
0.0 0.0 0 0.7 1.5 4.1 85 
0.0 x 0.0 0 
0.0 0 0.0 0 1: 

0.9 100 
73 0.4 27 

0.0 0 0.3 3 1.7 15 2.6 23 
1.5 7s 0.0 0 0.0 0 0.5 25 

- - 

1.5 0.3 3.5 8.5 

0.7 
0.0 
0.0 

+ 
+ 

0.7 
+ 

3 
6.6 

+ 

6.6 

14 5.1 
0 51.3 
0 25.5 

14.7 
4.5 

101.1 
4.8 
0.9 

0 1.5 
59 11.2 

2.0 

20.4 

100 
100 
loo 
100 
100 

100 
100 
100 
100 
100 

* From 10 g of leaves. 

monogiucuronoside, were present, whereas the soluble 
fraction contained glycoside F and and trace amounts 

of glycosides B and A. 
In the investigations on both the sites of biosynthesis 

and translocation of triterpene alcohols and glycosides 
of oleanolic acid within the cell, isotope experiments 
were performed to study the dynamics of labelling of 
these compounds in the cellufar subfractions. In Tables 
2-7 the mean cpm values of the compounds studied in 
cellular fractions obtained from log of fresh leaves of 
C. officinalis are presented. 

The total radioactivity incorporated into /Lamyrin 

dropped from the beginning of the experiment and that of 
erythrodiol attained a maximum after 24 hr whereas the 
total radioactivity incorporated into oleanolic acid of all 
glycosides increased continually up to the end of the 
experiment.Theseresultssuggestthat&amyrinisoxidised 
via erythrodiol to oleanolic acid which, after gIyco- 
sylation is accumulated in the plant. However distinct 
changes were observed in the labefling of its glucurono- 
side and glucoside derivatives. The radioactivity in the 
glucuronosides increased continually from 4 to 280 hr. 
The radioactivity of glucosides however passed a peak at 
70 hr. At this time their radioactivity was twofold lower 

Table 2. MVA-[Z*‘C] incorporation into pentacyclic triterpeoe alcohoIs and oleanolic acid isolated 
from the glyc‘osidc, 01 C. ollic-tnolr.i leaves* 

Time 

Compound 
&Amyrin 

Erythrodiol 

4hr 24 hr 70 hr 280 hr 
Cpm % Cpm “/, Cpm % Cnm % 
59210 15900 11250 8830 

460 1480 730 540 

Oleauolic acid 
in glycosides 

‘lg 
2g 

: 
Totaf 
F 
D 
C 
B 
A 
Total 

8430 
6290 
2630 
1310 
840 

19500 
98110 
11540 

360 
290 
220 

110520 
130020 

43 
32 
13 
7 
5 

89 
10 

<l 
<I 
tl 

5200 
15950 
12500 

4440 
4610 

42700 
87790 
20490 

5820 
2350 
1980 

118430 
161130 

12 
38 
29 
10 
11 

74 
17 
5 
2 
2 

2790 
6440 
8160 

42210 
31780 
91380 

5180 
124920 
21250 
26740 

9630 
187720 
279 100 

3 

; 
46 
35 

3 
67 
11 
14 

5 

1210 
480 

4340 
34910 
13320 
54260 

7240 
118530 
57200 
32620 
15470 

231060 
285 320 

2 
<I 

: 
24 

3 
51 
25 
14 
7 

l From 10 g of leaves. 
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Table 3. MVA-[2’*C] incorporation into triterpenes in sub- Table 5. MVA-[3’4C] incorporation into triterpenes in sub- 
fraction IV obtained from C. o&inalis leaves* fraction II obtained from C. ojjicinalis leaves* 

Tie Time 

Compound 4hr 24 hr IO hr 280 hr 
cpm 

&Amyrin 58800 
Erythrodiol 430 
Oleanolic acid 
in glycosides 
lg 7920 
2g 6180 
: 2360 1190 840 

F 82300 
D 10410 
C 60 

:: 8 

l From log of leaves. 

14700 9260 6670 
1480 630 340 

4180 2090 530 
15540 6120 180 
11460 2910 4010 32220 27610 5510 5530 1930 590 

81700 1650 1520 
15200 97120 3920 

90 1450 1700 

I: 0 0 0 0 

4hr 
Compound 

@-Amyrio 120 
Ery-throdiol 0 
Oleanolic acid 
in glycosides 
Ig 0 

: 0 
ae : 
7g 0 
F 0 
D 380 
C 0 
B 0 
A 0 

l From 10 g of leaves. 

24 hr 70 hr 28Ohr 
cpm 

430 840 820 
30 50 90 

0 0 80 

: :: 0 0 
210 1010 1860 

0 0 0 
0 0 0 

1120 5150 16440 
1300 3020 5500 
1100 11760 9410 
210 720 2440 

than that of ~ucuron~ides, whereas it was fivefold 
lower at 4 and 280 hr. This fact indicates that gluco- 
sides are more metabolically active compounds than 
glucuronosides. 

Changes in the radioactivity of individual glycosides 
are in agreement with the earlier proposed schemes of 
their transformations [4]. 

In fraction IV (Table 3) the time-course of Iabelling 
of &amyrin and erythrodiol reflected the changes of total 
radioactivity of these compounds and indicate that in the 
microsomal fraction /I-amyrin is formed as a result of 
squalene.cyclization and subsequently undergoes oxida- 
tion, via erythrodiol, to oleanolic acid. In fractions II and 
III (Tables 4 and 5) containing both these compounds, 
their radioactivity was very low and it slowly rose 
throughout the experiment. 

In fraction IV all the derivatives of oleanolic acid 
monoglucoside were labelled (Table 3). The radioactivity 
of monoglucoside lg decreased throughout the experi- 

ment, whereas glycosides 2g and 3g attained maximum 
labelling after 24 hr, and both pentaglycosides 6g and 
7g were maximal after 70 hr. These results indicated that 
the biosynthesis of all oleanolic acid glucosides takes 
place in the microsomal fraction, in agreement with the 
earlier proposed scheme [43. The rapid drop in the radio- 
activity of pentaglycosides suggested that they are most 
probably removed from this fmction and translocated to 
the other fractions. 

Fraction III contained radioactive glycosides lg, 2g, 
and 6g In glycoside Ig a small decrease of radioactivity 
(Table 4) was observed and in the remaining glycosides 
continuous increases were noted. It seems that these 
compounds reach this fraction as a result of transport 
from the microsomes. However, in view of the slight drop 
in radioactivity in glycoside lg a partiaI transformation 
of glycoside Ig to glycosides 3g and 6g may occur, most 
probably in the fragments of the Golgi apparatus. This 
would be analogous to the glycosylation of sterols and 

Table 4. MVA-[2i4C] incorporation into triterpcnes in sub- 
fraction III obtained from C. ojkinafis leaves* 

Table 6. MVA-[2“C] incorporation into triterpenes in sub- 
fraction I obtained from C. ojicinalis leaves* 

Tulle Time 

4hr 
Compound 

Wmyrin 290 
Erythrodiol 30 
Oleanolic acid 
in glycosidea 
lg 350 
; 270 40 0 

5 0 
F 810 
D 750 
C 300 
B 0 
A 120 

* From 10 g of leaves. 

24 hr 70hr 280 hr 
cpm 

770 Il.50 1340 
50 50 110 

930 640 600 
1040 240 760 2650 3470 180 4500 3750 300 

0 510 449 
2550 3300 5480 
3410 14880 70680 
4000 13850 45 800 

280 1200 2920 
1350 6700 8550 

4hr 24 hr 70hr 280 hr 
Compound epm 

/I-Amyrin 0 0 0 0 
Erythrodiol 0 0 0 0 
Oleanolic acid 
in glycosides 
lg 0 0 0 
2g 0 0 :: 0 

f 0 0 0 0 1: 0 0 
5 0 370 2460 10840 
F x 0 0 0 
D 760 7510 27490 
C 0 430 2810 4200 
B 110 720 13400 19850 
A 0 260 1950 4150 

l From 10 g of leaves. 



1922 W. J’ANU~~WSKA and 2. KASPRZYK 

Table 7. MVA-[Z”Cf incorporation into triterpenes in sub- 
fraction V obtained loom C. o&+aiis Ieavea* 

Time 

4hr 24 hr 70 hr 280 hr 
Compound cpm 

fi-Amyrin 0 0 0 0 
Erytbrodiof 0 0 0 0 
Okanic acid 
in giycosides 
lg 160 90 60 0 

5 
70 170 140 0 
0 0 0 

120 5510 230; 
78 0 g 1200 110 

; 
15ooo 3540 230 240 

0 0 260 0 
C 0 0 120 
B 180 240 380 2 
A 100 160 260 330 

* From 10 g of leaves. 

acylation of stcrol glycosides. Perhaps this process and 
transport take place simultaneously. 

Fraction II contained only glycoside 6g, in which 
radioactivity increased throughout the experiment (Table 
5). Possibly this compound reaches fraction II from the 
microsomes and becomes incorporated into the chloro- 
plast structure or is absorbed onto the chloroplast 
envelope during the procedure of preparation. 

Fraction I contained only the final product of the 
oleanohc acid transformations, i.e. glycoside 7g. Its 
radioactivity rose throughout the experiment (Table 6) 
suggesting that it is selectively transported from the 
microsomal fraction and incorporated into the cell 
pl~malemma or walls. 

In fraction V a continuous increase in the radioactivity 
of glycoside 6g was observed ; there was little radioactivity 
in glycoside 7g, which occurred in only trace amounts. 
According to our previous findings [S], this glycoside is 
transported from leaves to the root. In the present 
investigation this transport was impossible, since the 
experiments were performed on shoots with cut off roots, 
and perhaps for this reason glycoside 6g accumulated in 
the cytosol. 

These results suggested that the biosynthesis of ail the 
derivatives of oleanolic acid 3-glucoside occur in the 
microsomal fraction, from which they are subsequently 
transported to the other cell organelles. Evidently, there 
is some ‘specialization’ : the final products of transforma- 
tions of this series of glycosides accumulate in the cell 
walls and plasmalemma (glycoside 7g) or in the mito- 
chondria, chloroplasts and cytosol (glycoside bg). 
Different results wereobtained forderivatives ofoleanolic 
acid 3glucuronoside. 

In the microsomal fraction radioactive glycosides F, D 
and C were observed (Table 3). The radioactivity of 
monoglucuronoside decreased from the beginning of the 
experime& that of diglycoside D increased till 70 hr 
and then abruptly dopped, whereas that of triglycoside 
C appeared after 24 hr and increased throughout the 
experiment. The results indicate that in the microsomal 
fraction mono~ucuronoside is the first to be formed, 
whereupon diglycoside and one of the triglycosides are 
produced. The remaining radioactive glucuronosides 

did not occur in this &action: it seems that they are 
formed in other subfractions. 

In fractions III, II and I the radioactivity of glucu- 
ronosides increased throughout the experiment. The 
particularly high calculated specific radioactivity of 
glucuronoside A in the ~t~hon~aI~olgi fraction 
suggested that perhaps this fraction is the site’not only of 
the accumulation, but also of the formation of glucurono- 
sides A and B, most likely iu the fragments of the Golgy 
apparatus, similar to steryl glucoside and acyl steryl 
glucoside 173. In fraction V the radioactivity of mono- 
gluc~onoside dropped rapidly between the 4th and 70th 
hr and then remained constant, whereas that of glu- 
curonosides A and B increased till the 70th hr to a con- 
stant level, After 24 hr radioactive glycosides D and C 
appeared, though neither of these compounds was 
demonstrated in this fraction upon quantitative deter- 
mination. Perhaps the compounds occurring in the 
soluble fraction are transported from their biosynthesic 
site to the remaining organelles, where they accumulate. 
It is possible that glucuronosides, like the various forms 
of sterofs, can be incorporated into the membrane struc- 
tures of cell organelies. On the other hand, it also seems 
possible that these compounds, especially those with a 
greater number of sugar molecules, may accumulate in 
the cell vacuole, and subsequently become adsorbed on 
the surface of various organelles during the preparative 
procedure. 

The present results indicate that squalene undergoes 
cyclixation to j?-amyrin in the microsomal fraction of C. 
c@cinalis leaves. In the same fraction fl-amyrin is 
oxidized via erythrcdiol to oleanolic acid ; immediate 
addition of a molecule of glucuronic acid to the latter 
yieIds oleanolic acid mono~ucuron~ide, or addition of a 
glucose molecule affords oleanolic acid monoglucoside. 
Moreover, in the same fraction all giucosides and the 
first glucuron~ides are synthesized. The remaking two 
glucuronosides are formed in other subfractions. It seems 
that glucuronosides occurring in C. c&kin& during the 
whole vegetation period can participate, as do the vari- 
ous forms of sterols, in the formation ofcertain structures 
of eel1 organeilae. On the other hand, oleanolic acid 
glucosides, which appear only in leaves of 30-day-old 
C. ofjicinulis plants, play a different role. Pentaglycoside 
6g occurring in the largest amount is the form in which 
oleanolic acid is transported from leaves to the root and 
it accumulates in the cytosol. Another ~n~~ycoside, ?g 
accumulates in the cell wall and membranous fractions. 

EXPERiMENTAt 

Material. MVA-[2“C] administration, preparation of the 
cellular subfractions and their extraction have been reported 
previously [73. 

Preporntive c~ro~~up~y. Combined MeOH and Et,0 
extracts were divided into two equal parts, one ofwhich was used 
for isolation of squalene, @myrin and erytbrodiol; the other 
part served to isolate oleanolic acid gtycosides. Sqnalene fi- 
amyrin and ertyhrodiol were isolated by TLC nnder conditions 
used for the various forms of sterols r81. Subsequently, B-amvrin 
was purified by TLC on A&O, impr&kxl with rbia’mine-G6. 
2mtila Ai&, in the system bexane-C&L-EtOR MO:500:8~ 
and-fo; ez$hkxiiol dkefopment withY kohol f&e CH& 
Okanolic acid glycosides were separated by TLC on Si gel as 
described earlier [3,4]. 

~~u~~ituriue ~et~rni~at~~. Free 8.amyrin and erythrodid 
were acetylated witb radioactive A+0 and determined quantits- 
tively as described in ref. [?J. Oteanolic acid obtained from the 
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different giycosides was metbyiated with an excess of CH,N, 2 Miller. H. (1970) M. Sci. Thesis, University of Warsaw. 
in Et,0 at 2” for 24 hr, whereupon to each sampie 20 ug 3. Kasprxyk, Z., Wojciechowski, 2. and Janisxowska, W. (19’70) 
cholesterol as internal standard was added; the mixture was Phyrochemisrry 9,56 1. 
separated by GLC with 1% SE-30 on Chromosorb W (SCrlOO 4. Kasprxyk, Z, Janisxowska, W. and Sobcxyk, E. (1973) Acta 
mesh). The amount of oleanolic acid methyl ester were calcu- Biochim. Polon #), 23 1. 
lated in relation to the amount of cholesterol. 5. Janiszowska, W. and Kasprzyk, 2 (1974) Acta Biochim 

Other methods. Hydrolysis, radioactivity measurement and Polon. 21.415. 
protein content were carried as described previously [3, 8,9]. 6. Wasiltwska. A. (1970) hf. Sci. Thesis, University of Warsaw. 

7. Janiszowska, W. and Kaspnyk, Z. (1977) Phytochemistry 
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