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Ah&net--From Culendulu officinolis leaves three cellular subfractions (mitochondrial, Golgi membranes and 
microsomal) were obtained and enzymatically characterized. The contents of A’, As, A’, A’*” sterols, as well as 
those of 24-mcthylenecholesterol and clerosterol, in the free and bound in the form of esters, glucosides and acylated 
glucosides were determined in these fractions. The results revealed the predominance of free sterols in the microsomal 
fraction, of esters in the mitochondrial fraction and of steryl glucosides and acylated glucosides in the Golgi 
fraction. 

INTRODUCTION 

The variety of plant sterols differing by the number of 
carbon atoms and the position of double bonds in the 
molecule, their presence in at least four different forms: 
i.e. free (FS), esters (ES), glucosides (GS) and acylated 
glucosides (AGS), as well as qualitative aad quantitative 
variations in their distribution among different plant 
organelles, create great difficulties in investigations on 
the transformation of these compounds in different 
cell compartments. Several investigations have been 
done on the subcellular distributions of different 
free aad bound steryl types but the complete charac- 
terization of these compounds in all cell orgaaelles of 
one plant has not been reported. However, this iaforma- 
tioa is very important for further investigations on the 
fate of sterols synthesized in the microsomal fraction. 

We have previously [l] isolated and identified 13 
sterols from C. oficinalis leaves. All these sterols 
occurred as free, esters, glucosides and acylated gluco- 
sides. In subsequent studies [2] on the distribution of 
different steryl forms in cellular subfractions of C. 
oflcinalis leaves, they were shown to occur in various 
proportions in all the investigated subfractions. Most 
sterols (66%) were detected in the microsomal fraction 
and in the fraction consisting of a mixture of mito- 

chondria and Golgi membrane fragments (24%); the 
sterol content was lower in the chloroplasts (5x1 
plasmolemma (4%) and cytosol (1%) fractions. How- 
ever, great differences were observed in the proportions 
of the different steryl forms in the different subcellular 
fractions. With the exception of the cytosol, in which 
steryl esters consisted 65% of all sterols, free sterols 
predominated (60-700/,) in the other subfractions. 
Steryl esters were present in greatest quantities in 
chloroplast (29%) and in plasmalemma (23 %), but in 
smaller amounts in mitochondria and Golgi membrane 
fractions (14 %), as well as in the microsomal fraction 
(9%). The glucosidic forms, i.e. GS and AGS, were 
present in considerable quantity in the mitochondria 
and Golgi membranes (19 % GS, 7 y0 AGS) as well as 
in the microsomal fraction (16% GS and 12% AGS) 
and cytosol (11% GS aad 4 % AGS). In plasmalemma 
only GS were present (16%) and chloroplasts were 
practically devoid of GS and AGS. 

The present study was designed to prepare and charac- 
terize, using marker enzymes, the three cellular sub- 
fractions with the highest sterol contents, i.e. the micro- 
somal, mitochondrial aad Golgi membrane fractions, 
and subsequently to quantitatively isolate and determine 
the various types of sterols occurring in free and bound 
form. 

Table I. Glucose&phosphatase, UDPG:sterol glucosyltransferase and succinic dehydrogenase activities in subcellular fractions 
from C. offiinulis leaves 

Fraction 

Pellet 
14000g 
Mitochondria 
Golgi 

membranes 
Microsomes 

Protein 
(mg) 

3.0 
2.4 

0.03 
0.2 

Glucose.& UDPG : sterol Succinic 
phosphatase glucosyltransferase dehydrogenase 

(pM/hr/mg protein) @M,‘hr/mg protein) (pM/min/mg protein) 

0.042 84 7.550 
0.006 2 43.4 

0 102 0.026 
58 0.270 0.002 
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Table 2. Quantitative determination of the free sterols and sterols from the steryl esters. ghtcosides and acylated glucosides in 
subcellular fractions of C. 0flcinali.s leaves 

Subcellular fractions 
Sterol Microsomes Mitochondria Golgi membranes 
form* (ug/lOO g fr. wt) (ug/mg protein) (Pg!lOO g fr. wt) (ugjmg protein) Q.ig/loO g fr. wt) (pg/mg protein) 

FS 214 1070 70 29 22 739 
ES 67 335 267 111 19 633 
GS 51 255 23 10 28 933 
AGS 35 175 14 6 22 733 

Sum 367 1835 374 156 91 3038 

l FS = Free sterols; ES = steryl esters; GS = steryl glucosides; AGS = acylated steryl glucosides 

RESULTS AND DISCUSSION 

The mitochondrial and Golgi membrane fractions 
were obtained by the modified method of Powell and 
Brew [3], originally developed for preparation of Golgi 
membranes from onion stem. The 140009 pellet was 
suspended in buffer and centrifuged as described in the 
Experimental, yielding both subfractions. In turn the 
105OOOg pellet was, as previously [2], regarded as 
the microsomal fraction. 

The cellular subfractions prepared were charao 
terized by determining the activity of marker enzymes: 
glucose-6-phosphatase for microsomes [4]. UDPG: 
stero) glucosyltransferase for Golgi membranes [S], and 
succinic dehydrogenase for mitochondria [6]. Results 
presented in Table 1 indicate that the three fractions 
were not contaminated with each other. In the 105 000 g 
pellet we obtained the microsomal fraction of high 
purity, this confirming the earlier electron microscopic 
results [2]. The microsomal and Golgi membrane 
fractions were virtually uncontaminated with each other 
or with microsomes. These purified subfractions were 
used for further studies; it was found that the total 
sterol content in the microsomal and mitochondrial 
fractions obtained from 100 g of fresh leaves was similar, 
whereas in the Golgi membrane fraction it was almost 
three times lower (Table 2). Sterol content, calculated 
per mg protein, was highest in the Golgi membrane 
fraction, co two times lower in the microsomal fraction 
and almost twenty times lower in the mitochondrial 
fraction. The results obtained for the microsomal fraction 
were similar to the earlier reports, FS was present in 
greater quantity, ES and GS in smaller and AGS in the 
smallest. The purified mitochondrial fraction was 
characterized by predominance of ES accounting for 

ca 70% of all sterols, followed by FS, GS and AGS. In 
the separated Golgi membrane fractions all forms of 
sterols occurred in comparable amounts, with slight 
predominance of GS and a smaller amount of ES. These 
findings slightly differ from the recent results of Duperon 
et al. [7] concerning the contents of various forms of 
sterols in the cellular subfractions of a nonphoto- 
synthesizing tissue, cauliflower inflorescence. According 
to Duperon et al. [7], in the microsomal fraction free 
sterols also predominated, but the content of AGS was 
relatively high, whereas ES and GS was lower; in the 
mitochondrial fraction FS predominated. Inconsistencies 
between the present results and those of Duperon et al. 
[7] could be due to the differences in the kind of tissue 
studied and in the methods applied for preparation of 
cellular subfractions. 

The contents of various types of sterols occurring in 
different forms in the cellular subfractions studied are 
recorded in Tables 3, 4 and 5. In all three subfractions, 
A5 (mainly sitosterol) and A5s2’ (mainly stigmasterol) 
sterols were the main constituents, i.e. 84% in the micro- 
somal, 66% in the Golgi membranes and 75 y0 in the 
mitochondrial fraction. However, some differences were 
observed between the proportions of As and As.22 
sterols. In the microsomes (Table 3) As predominated, 
in mitochondria (Table 4) the contrary was observed, 
while in Golgi membranes (Table 5) both these steryl 
types were present in comparable quantities. 

Considerable differences were however noticed in 
the presence of A5 and A’. 22 sterols in the different 
forms present in cellular subfractions. In the microsomal 
fraction, A5* 22 sterols were present in greater quantities 
in FS and ES (76%) than As sterols, but the contrary 
was true for glycosidic forms. This result indicates that 
A5 sterols are better substrates for the glucosylation 

Table 3. Quantitative determination of the sterols from the different steryl forms in the microsomal fraction of C. officinalis leaves 
(10 g) 

Type of sterol 
FS Es GS AGS Sum 

(ug) (%) (ug) (%) (ug) (%) (ug) (%) (ug) (%) 

As 
As. 22 

Clerosterol 
24Methylenecholesterol 

Sum 
% 

2.3 1.1 0 0 0.7 1.4 0.8 2.3 3.8 1.0 
9.0 4.2 0.7 1.0 1.5 2.9 10.0 28.6 21.2 5.8 

53.0 24.8 7.2 10.8 42.6 83.5 16.0 45.7 118.8 32.4 
130.5 61.0 51.0 76.1 2.8 5.5 6.0 17.2 190.3 51.4 

14.4 6.7 3.0 4.5 2.4 4.7 1.2 3.4 21.0 5.7 
4.8 2.2 5.1 7.6 1.0 2.0 1.0 2.8 11.9 3.2 

214.0 100 67.0 100 51.0 loo 35.0 100 367.0 100 
58 19 13 10 100 
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Table 4. Quantitative determination of the sterols from the different steryl forms in the mitochondrial fraction of C. o~cin~ii~ 
leaves (100 g) 

Type of sterol 
FS ES GS AGS Sum 

OJg) (%) W) (%) o@) t%) f&43) (%) 0.N (%) 

2.8 4.0 18.5 6.9 1.3 3.7 26.4 25.3 6.8 
6.1 8.8 26.7 10.0 

:: 
2.2 2.1 15.0 35.4 9.4 

As 32.1 45.9 118.6 44.4 0:6 2.6 4.2 30.0 155.5 41.0 
As. 22 25.4 36.3 54.5 20.4 18.5 80.4 1.5 10.7 99.9 26.5 
Clerosteroi 1.8 2.5 40.0 15.0 1.5 6.6 1.4 10.0 44.7 12.0 
24Methylenecholesterol 1.8 2.5 8.7 3.3 1.6 6.9 1.1 7.9 13.2 3.5 

Sum 70.0 100 267.0 100 23.0 100 14.0 100 374.0 100 
% 19 72 6 3 100 

and As* ” sterols for the este~~~tion reactions. In earlier 
work [2] on the labelliug of the steryl forms in the micro- 
somal fraction with mevalonate[2-“Cl, it was found 
that FS and ES were labelled in parallel and attained 
peaks of radioactivity earlier than GS, while the radio- 
activity in AGS was increasing up to 28Ohr at the end 
of the experiment. The previous and the present results 
suggest that A5 sterols in the microsomal fraction are 
primarily transformed to A5*22 sterols, the main final 
products of sterol metabolism in the plant, which then 
accumulate in this fraction and are simultaneously 
esterfled. With some delay A5 sterols are subjected to 
the glucosylation reaction and the synthesized GS 
are then transformed to AGS. Also notable were the 
accumuIation of clerosterol in I%, absence of stanols in 
ES and accumulation of A’ sterols in GS. This indicates 
that not only A5 sterols but earlier products of sterol 
metabolism are good substrates for glucosylation in 
this fraction. 

The separation of the pure mitochondrial and Golgi 
membrane fraction permitted the quantitative determina- 
tion of different steryl types present in different steryl 
forms in these two fractions. The interpretation of the 
results is not easy because it is not known in what form 
sterols of different types synthesized in the microsomal 
fraction, and at least partially acylated and glucosylated 
there, are transported to other cell organelles. In the 
rnit~hond~~ fraction A5 sterols prevailed over As* ” 
sterols in FS and ES. This may be explained in two 
ways. First, As sterols may be transported from the 
microsomal fraction to the mitochondria more readily 
than As* 2z sterols in these forms and A’* ” sterols in 
the FS aad ES forms therefore accumulate in the micro- 
somal fraction. Second, A5 sterols in FS form, which in 

the microsomal fraction is the main substrate for 
glucosylation, may be quickly transported to the mito- 
chondria where they are preferentially esterified. The 
similar quantitative compositions of all steryl types in 
the mitochondria seems to point to the second suggestion. 
By contrasf in the microsomal fraction there were 
great differences in the steryl components between FS 
and ES; in the latter form some sterols were present 
in very small amount and stanols were lacking The 
other difference between microsomes and mitochondria 
was the fact that As* ” sterols were the main components 
of GS and sterols with two double bonds in the molecule 
were present in greater amount than A’ sterols and stanols 
in this fraction. In AGS, however, stanols and sterols 
with oue double bond (As and A’) constituted a greater 
proportion than sterols with two double bonds 

This result may be explained in a similar way to the 
result obtained for FS and ES in this fractiou, glucosides 
of A’*” sterols may be more readily transported from 
the microsomal fraction and accumulate in mito- 
chondria or they may be transported preferentially 
from the Golgi membranes, which are the main site of 
the glucosylation reaction in accordance with the finding 
of Wojciechowski [S] that A5 and A5vz2 sterols are the 
best substrates for UDPG:sterol glucosyltransfera4e: 
The great quantity of stanols and sterols with two 
double bonds in AGS may he explained also by the 
preferential acylation of these steryl typea iu GS or by 
their transport from Golgi membranes. 

In Golgi membranes (Table 5) As*” sterols prevail 
over A5 sterols in F!I but the contrary is true for the other 
forms. In addition to these two steryl types (which 
constitute in the bound forms, 73-85% of all sterols) 
sterols of other types are present in similar proportions. 

Table 5. Quantitative determination of the sterols from the different steryl forms in the Golgi membrane fractions of C. o@cin& 
leaves (100 g) 

Type of sterol 
Fs Es GS AGS Slllll 

018) (%I w (%I (Pr3) (%I W (%I w3) (%I 

1.0 4.6 1.0 5.3 1.0 3.6 0.7 3.2 3.7 4.0 
0.9 4.1 1.5 7.9 1.0 3.6 1.0 

AS 
4.5 4.4 4.8 

3.3 15.0 7.8 41.0 12.7 45.3 11.6 52.7 
A5.23 

35.7 39.1 
10.4 47.2 6.1 32.1 11.1 39.6 5.5 25.0 33.1 36.3 

Clerosterol 5.4 24.5 1.5 7.9 1.2 4.3 1.2 5.5 9.3 10.2 
24Methylenecholesterol 1.0 4.6 1.1 5.8 1.0 3.6 2.0 9.1 5.1 5.6 

Sum 22.0 100 19.0 100 28.0 100 22.0 loo 91.3 100 
% 25 20 30 25 100 
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However, in FS, in which the sum of A5 and As* 22 sterols 
is lower (62 yO of all sterols) a large amount of clerosterol 
(24%) was found These results are also ditlicult to 
explain. It is known from the work of Lercher and 
Wojciechowski [5] that the Golgi membranes fraction 
is most probably the main site not only of UDPG: sterol 
glucosyltransferase but also of complex lipid: sterol 
glucoside transacylase. The distribution of steryl ester 
synthetase is not known, but according to the preliminary 
findings of Zimowski [9] it is bound with the heavy 
membrane fraction and according to our results probably 
with the mitcchondria. 

It seems therefore that the main problems to be 
elucidated to understand the distribution of different 
steryl types bound in different steryl forms in the plant 
cell are tirst, the problem of the transport of these forms 
among different organelles and second, the localization 
of the enzymes transforming the free sterols into the 
bound forms. We assume that all steryl types are formed 
in the microsomal fraction as the free compounds 
before being transformed into the bound forms. We 
do not know however, if some transformations, such 
as the introduction of the double bonds and alkyl 
groups in the sterol side chain, can proceed in the bound 
steryl forms. 

EXPERIMENTAL. 

Experiments were performed on leaves of 3-month-old C. 
offi&& L. var. Radio plants cultivated in a lumistate [IO]. 

Preparation of cellular subjkactions. Cut leaves were ground 
in a mortar 3 x for 20 set with an equal amount of Kiesclgel 
(0.2X1.5 mm) in 0.3 M sucrose containing 0.01 M Tris-HCl 
buffer (5 ml of so14 3 g of leaves); the suspension was filtered 

through 4 layers of cheesecloth and centrifuged successively 
at 4OOOg, lOmi0; 14OOOg, 2Omio; lOSOOOg, 60 min. The 
14000g pellet was suspended in the homogenization solo 
and further fractionated by sucrose density gradient ceotrifuga- 
tioo at 95OOOg, exactly as described by Powell and Brew [3]. 
Two membrane layers localized at the 1.0/1.25 M sucrose and 
1.25/1.5 M sucrose interfaces were collected as the Golgi 
fraction and the pellet was the mitochoodrial fraction. 

Extraction, preparative chromatography of 4 forms of 
sterols, their hydrolysis and separation of stanols, A’ sterols, 
As sterols, As*” sterols, campesterol and 24_methyleoe- 
cholesterol from each steryl form have been described previously 
[l]. Quantitative determinations ofsteryl types were performed 
by the method with AC+[l,l-‘*Cl [2]. Protein content of 
the different subfractions was assayed by the method of Lowry 
et al. [ll]. 
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