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INTRACELLULAR DISTRIBUTION OF THE STEROIDAL 
SAPOGENINS IN DIOSCOREA TOKORO* 
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Shionogi Research Laboratory, Shionogi & Co. Ltd., Fukushii-ku Osaka, Japan 
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At&m&-Leaf blades and rhizomes of mature Dioscorea tokoro Makino were homogenized separately. 
The homogenates were separated into nuclear, chloroplastidic, mitochondrial, microsomal and supernatant 
fractions by means of difTerentia1 centrifugation. Sapogenins found free and sugar-bound were almost com- 
pletely in the organelles, only minute quantities being in the supexnatant. Sapogenins of the chloroplastidic 
and mitochondriil fractions were not released into the medium by sonic disintegration. The sapogenins of 
this plant are presumed to be bound to the membrane systems of the organelles. 

INTRODUCTION 

UNDERGROUND parts of many species of genus Dioscoreu are used as major source materials 
for the synthesis of steroidal hormones. ’ They contain large amounts of diosgenin (25~- 
spirost-5-en-3/W) and its C25 epimer, yamogenin. These sapogenins are usually extracted 
from the underground parts of these plants and there have been few repor@ of their isolation 
in quantity from aerial parts. This lack of research on the aerial parts is chiefly because of 
their economic disadvantage compared with the underground storage organs which often 
attain large weights. Other sapogenins such as gentrogenin (25D-spirost-5-en-3p-ol-12-one)2 
and chiapagenin (25L-spirost.-5-en-3/?,6,2~-diol)3 have also been isolated from the under- 
ground parts. Japanese species of this genus, other than three edible species, D. juponicu 
Thunb., D. batatas Decne. and D. bulbifera L., contain diosgenin only in their rhizomes4 and, 
of these, only D. tokoro Makino4-6 and the D. tenuipes complex4v7 contain large amounts 
of steroidal sapogenins, which have ct-hydroxyl groups at C3 in their aerial parts. The natural 
3cr-hydroxyl sapogenins are found only in these two plants, these 3a-sapogenins being con- 
tained both as free and sugar-bound sapogenins in the plant bodies.* This unusual situation 
with the sapogenins of D. tokoro provoked our interest in their localization in cells and in their 
role in the basic metabolism of the plant. The present report contains the results of such a 
study. 

* Studies on the steroidal components of domestic plants, Part LXI. Part LX, G. SAUER, A. SHIMAOKA and 
K. TAKEDA, J. Chem. Sot. in press. 

t Present address: Department of Science, Osaka City University Sugimoto-cho, Sumiyoshi-ku, Osaka, 
Japan. 
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RESULTS 

The study was carried out on the sapogenins of mature plants. Of the sapogenins isolated 
from Dioscoreu tokoro, only diosgenin, yonogenin (ZD,5@pirostane-2&3u-diol), and toko- 
rogenin (25D,5/Sspirostane-1&28,3c&iol) were analysed. Other sapogenins were excluded 
from this study for the following reasons. Igagenin (25D-5@spirostane-2~,3cr,27-triol) is 
found only in female flowers.g Isodiotigenin (25D,5/?-spirostane-2/3,3a,4/?-triol) appears in 
seedlingsi and young plants propagated by rhizome cutting” but it gradually decreases in 
quantity as the plant ages and its detection in mature plants is almost impossible. 
Kogagenin (25D-spirostane-1/3,2fi,3a,5/I-tetraol)6 and isotenuipegenin* are present only in 
traces. 

Because the separation of diosgenin and yamogenin is very difficult and they react in the 
same manner with the chromogenic reagent, these two sapogenins were analysed together 
and their combined total expressed as diosgenin in the tables. 

The quantities of protein nitrogen and sapogenins in the subcellular fractions of leaf 
blades (80 g)t are summarized in Table l(a). The protein content of the titrate was not 
analysed. Protein was contained in the largest quantity in the 105,OOOg supernatant, but the 
amounts of sapogenins were very low in this fraction. Diosgenin was not detected in any 
form, even by thin-layer chromatography. Yonogenin and tokorogenin were most concen- 
trated in the 20,000 g sediment, but, when calculated on protein basis, their concentrations 
in this fraction were similar to those in the 105,000 g sediment (Table 3(a)). 

The distribution of protein among the subcellular fraction in the rhizome was similar to, 
but the amounts in each fraction less than, those in the leaf blades. The major sapogenin of 
the rhizome was diosgenin, found only bound with sugars. The sapogenin content of the 
105,000 g supematant was low, as in the leaf blades, and diosgenin and tokorogenin were 
most concentrated in the 105,000g sediment (Table l(b)). This became more significant when 
calculated on protein basis (Table 3(b)). 

The distributions of sapogenins in the subfractions of the 2000 g and 20,000 g sediments 
after sonication are summarized in Table 2. The sapogenins were not released into the super- 
natant, remaining almost completely in the membrane fractions. The amount of material 
available for sot&cation from the 2000g fraction of the rhizome was too small to permit 
quantitative analysis of any sapogenin, except sugar-bound yonogenin, in the sub-fractions. 

During fractionation, the amounts of free sapogenins increased slightly and those of 
sugar-bound sapogenins decreased. 

DISCUSSION 

The homogenates of leaf blades and rhizomes, after straining through gauze, were each 
separated into five fractions by differential centrifugation. The speeds and the time intervals 
for separating the chloroplasts, mitochondria and microsomes, were selected after a survey 
of the literature on the preparation of these organelles from higher plants. Because the origi- 
nal residues still contained large amounts of fibres and undisrupted cells, this fraction was not 
considered in the discussion on the distribution of the sapogenins, although they contained 

* This is a 2s~tetrahydroxysapogenin,‘O whose structure has not yet been elucidated. 
7 Fresh weight. The moisture content of the leaf blades and rhizome was 77.3 and 69.7 % of fresh weight 

respectively. 
9 A. AKAHORI, I. OKUNO, T. OKANISHI and T. IWAO, Gem. Phwm. Bull. 16, 1994 (1968). 

10 A. AKAHORI, F. YM~A, I. OKUNO, M. TOGAMI, T. O- and T. IWAO, Phytochem. 8,45 (1969). 
11 A. AKAHORI, F. YASVDA, M. TOOAMI, K. KAGAWA and T. OKAN~~, Phytochem. 8, 2213 (1969). 
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considerable amounts of sapogenins. The 650 g sediment consisted of nuclei, starch grains 
and cell debris. The 2000 g sediment of the leaf blades was chiefly composed of chloroplasts. 
To precipitate mitochondria thoroughly, a speed slightly higher than normal was chosen, so 
the 20,OOOg fractions are thought to contain a considerable amount of large-size microsomes 
besides mitochondria. 

The steroidal sapogenins of Dioscorea tokoro were found mainly in the organelles and only 
traces in the 105,000 g supernatant. These sapogenins were not released into the medium by 
sonic disintegration. It seems likely that the sapogenins are bound to the membranes of the 
organelles and are not present as solutions in their matrix. 

As mentioned above, the preparations obtained by the present procedure are not con- 
sidered to be pure, since some contamination of one organelle with another is inevitable. The 
total sapogenin content of the mitochondrial fraction of the rhizome was apparently higher 
than that of the leaf blade, though this was considered to be due to the presence of diosgenin 
and to contamination with the large-size microsomes which contain very large amounts of 
the sapogenin. 

Sterols have been found in the intracellular organelles of plantsr2-14 as well as of ani- 
mals is-i7 the composition of the sterols differing from organelle to organeller2 and from 
tissul to tissue.i5 In our present study, the proportions of the sapogenins are similar in all 
subcellular fractions of the leaf blade but these proportions are markedly different for the 
different fractions of the rhizome (Table 4). Knapp et al. I3 homogenized the seedlings of 
Phaseohs uulgaris fed mevalonic acid-2J4C, separated the homogenates into chloroplastidic, 
mitochondrial, microsomal and supernatant fractions by means of differential centrifugation 
and detected labelled squalene in the supernatant fraction and labelled sterols principally in 
the microsomal and the supernatant fractions. From these results they estimated that sterols 
are synthesized in the microsomal and supernatant fractions in higher plants as in mammalian 
tissues.r8 Capstack et al. I9 referred the principal site of the &amyrin synthesis in the seedlings 
of Pisum sativum to a 10,000 g supernatant fraction, and the microsomes were estimated to 
have been included in that fraction. The high concentration of diosgenin in the microsomal 
fraction of the rhizome of D. tokoro may indicate that it is synthesized in this organelle. The 
concentrations of yonogenin and tokorogenin in the microsomes of the leaf blade were not so 
high as that of diosgenin of the microsomes of the rhizome, possibly attributable to the arrest 
of active biosynthesis of these sapogenins in the fully developed leaves. 

In view of the known role of cholesterol in the membrane permeabilityZo and electron 
transport system” in animal cells, it is suggested that the existence of high concentrations of 
sapogenins in the membranous structures of the organelles of D. tokoro indicates that they 
may have a related metabolic function in plant cells. 
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EXPERIMENTAL 

Materials 
Mature plants of Dioscorea tokoro cultivated at Takarazuka, Hyogo Pref., were harvested on 29 July. 

Leaf blades were freed from petioles. Rhizomes were cut off the stems and washed with water to remove soil. 

Isolation of Int~acelhdar Organelles 
The leaf blades and rhixomes (each 80 g wet wt.) were treated separately. Each part was cut into small 

pieces with scissors and homogenized in a blender with 100 ml of ice-cold medium (0.1 M potassium-phosphate 
buffer, pH 7.4, containing 05 M nmannitol and 0.01 M mercaptoethanol) for four periods of 30 set, inter- 
spaced by 30-see intervals, at 18,000 rev/mm. The homogenate was strained through two layers of gauze and 
centrifuged at 650 g for 5 min. All sediments were resuspended in the same medium by gentle homogenation 
in a Potter-Elvehjem teflon homogenizer and again centrifuged at the same speeds and for the same time 
intervals. The sediments were removed and the supematants united with the original supematants. The 650 g 
supematants were centrifuged at 2OOOg for 10 min. The uw)og supematants were then centrifuged at 20,OOOg 
for 20 min. The 20,000 g supematants were further centrifuged, at 105,000 g, for 60 min. All the prooedures 
described above were carried out at 04O. 

Sonic Disintegratioti of the 2000 g and 20,000 g Fractions 
Aliquots of the 2000 g and 20,000 g sediments of the leaf blades and rhizomes were resuspended at 4” in 

20 ml of the same medium as used for the fractionation and sonic&d for 2 min in a sonic disintegrator (10 kc) 
at maximal output. The suspensions were then separated into 2OOOg, 10 min (or 2O,OOOg, 20 min) and 105,OOOg 
60 min sediments and supematants by the same means as above. 

Extraction of Sapogenins 
Each sediment and residue was stirred in 20 ml of ether for 30 min and then centrifuged at 2000 g for 10 

min. The extraction with ether was repeated three times. The ether extracts were washed with water, dried 
over Na,SO,, evaporated to dryness and analysed for free sapogenins. Aliquots of the ether insoluble 
substances were analysed for protein. The remainder of the ether unsoluble substances were suspended in 
50 ml 2 N HCl and hydrolysed for 5 hr on a boiling water bath. The sapogenins hydrolysed were extracted 
three times with 50 ml of ether. The ether extracts were washed, dried, evaporated and analysed for sugar- 
bound sapogenins. 

The supematants were continuously extracted with 100 ml of ether for 5 hr. The ether extracts were 
analysed for free sapogenins. Ahquots of the aqueous layers were added to equal vol. of lo”/_ trichloroacetic 
acid. The precipitated proteins were collected by centrifugation and analysed, The r emair& portions were 
made 2N by addition of 35 “/, HCl and heated for S hr on a water bath. The hydrolysis oroducts were extracted 
with ether -and analysed for sugar-bound sapogmins. 

- _ _ 

Theleafblades(l3 gfr. wt.) and therhixomes (25 g) ofthesameorigin wereextracted three times with 5Oml 
of methanol for 4 hr under reflux. The methanol extracts were evaporated to dryness and extracted three times 
with 50 ml of ether for 15 min. The ether extracts were washed, evaporated and analysed for free sapogenins. 
The residues, after the ether extraction, were hydrolysed in 50 ml of 2 N HCl for 5 hr on a water bath. The 
hydrolysis products were extracted with ether and analysed for sugar-bound sapogenins. 

Analysis of Protein and Sapogenins 

Protein was analysed by the micro-Kjeldahl method. 
Diosgenin and the other two sapogenins were estimated by the methods of Akahori et al.” and Ok&&i 

and Togamizz respectively. Aliquots of the ~apogenin mixtures were dissolved in methanol, spotted on thin- 
layer plates (20 x 20 cm, Kiesel gel Cl, O-25 mm) and developed with GH,-EtOAc-HOAc (90: 8 : 2, v/v, for 
the analysis of diosgenin) or with CHC&-MtiCO-HOAC (80: 20: 5, v/v, for the analysis of yonogenin and 
tokorogenin). The thin-layer plates were freed from the solvents and sprayed with water. Sapogenins were 
detected as white spots on the grey backgrounds. The areas of Kiesel gel containing diosgenin were scraped 
off the plates into test tubes and extracted with CHCls. The extracts were evaporated to dryness, warmed with 
05 ml of cont. HISO and 5 ml of HaPOd containing 8 mg of FeCls at 70” for 9 min and, after cooliig, the absor- 
bances of the reaction mixtures were measured at 485 mn. The areas containing other sapogeuins were 
scraped into centrifuge tubes and warmed with 0.1 ml of ethanol containing 0.5 mg of anisaldehyde for 15 mm 
at lOO”, then added to 5 ml of HIP04 and again warmed at 100” for 70 min. After cooling, the reaction mixtures 
were centrifuged at 2000 g for 10 min. and the absorbances of the clear supernatants were measured at 540 run. 

*I A. AKAHOIU, K. MURATA, F. YA~WDA, S. NAGASE, M. Toom and T. Om 
16, 74 (1966). 
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