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INTRACELLULAR DISTRIBUTION OF THE STEROIDAL
SAPOGENINS IN DIOSCOREA TOKORO*
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(Received 10 November 1969, in revised form 22 January 1970)

Abstract—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 differential centrifugation. Sapogenins found free and sugar-bound were almost com-
pletely in the organelles, only minute quantities being in the supernatant. Sapogenins of the chloroplastidic
and mitochondrial 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 Dioscorea are used as major source materials
for the synthesis of steroidal hormones.! They contain large amounts of diosgenin (25D-
spirost-5-en-38-ol) and its C25 epimer, yamogenin. These sapogenins are usually extracted
from the underground parts of these plants and there have been few reports 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-38-0l-12-one)?
and chiapagenin (25L-spirost-5-en-38,128-diol)’ have also been isolated from the under-
ground parts. Japanese species of this genus, other than three edible species, D. japonica
Thunb., D. batatas Decne. and D. bulbifera L., contain diosgenin only in their rhizomes* and,
of these, only D. tokoro Makino* % and the D. tenuipes complex*:” contain large amounts
of steroidal sapogenins, which have «-hydroxyl groups at C3 in their aerial parts. The natural
3e-hydroxyl sapogenins are found only in these two plants, these 3x-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 X, G. SAUER, A. SHIMAOKA and
K. TAKEDA, J. Chem. Soc. in press.

+ 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 Dioscorea tokoro, only diosgenin, yonogenin (25D,58-spirostane-28,3«-diol), and toko-
rogenin (25p,5B-spirostane-18,2B,3«-triol) were analysed. Other sapogenins were excluded
from this study for the following reasons. Igagenin (25D-58-spirostane-28,3c,27-triol) is
found only in female flowers.® Isodiotigenin (25p,58-spirostane-28,3a,48-triol) appears in
seedlings'® 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-18,28,3«,58-tetraol)® 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 1(a). The protein content of the filtrate was not
analysed. Protein was contained in the largest quantity in the 105,000 g 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 supernatant was low, as in the leaf blades, and diosgenin and tokorogenin were
most concentrated in the 105,000 g sediment (Table 1(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 sonication 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 25D-tetrahydroxysapogenin,!® whose structure has not yet been elucidated.
t Fresh weight. The moisture content of the leaf blades and rhizomes was 77-3 and 69-7%, of fresh weight
respectively.
9 A. AkAHOR], 1. OKUNO, T. OkantsHl and T. Iwao, Chem. Pharm. Bull. 16, 1994 (1968).
10 A, AKAHORI, F. YAsuDA, L. OkUNO, M. Tocami, T. Oranasal and T. Iwao, Phytochem. 8, 45 (1969).
11 A. AKAHORI, F. YAsupa, M. Tocami, K. KaGawa and T. OxanNisuu, Phytochem. 8, 2213 (1969).



1923

Intracellular distribution of the steroidal sapogenins in Dioscorea tokoro

1L AQ 1aAd *p3)2a15p J0U seam uruaSodes o) Jo ssussoad oy ||

‘foueyiow £q sferreyew Jo § o8 wolj pajoenxy §

*91qIissoduut sem Aynuenb s3I JO UORIUNSS 3Y) Inqg “)TL Aq Po1oaiep seam uruaSodes oy Jo aouesaxd ay], §
‘TelIdjRW s3] JO § (g WOIJ PIALIIP SUOIIORI} Uoed Ul pauteuod N pue suiusSodes jo Sw 030Usp somSLy {
‘urusfodes punog-redns ‘s {uruafodes 391 J

TE-0PT LS-6ET SL-0 SL-SS SL-0 0£8 + IS-SLT — §owoziy1 Sjoym
0Z-LST 01I-6¢C 01I-8C 0b-6¢ 18-S1 vo-v 8¢-TI 90-S81 — L 0A S
06-CT 81-6 Le 6£-€ €0-€ S€-0 690 449 - IL-LT yuejenIadng
CL-L8 €9-98 6C-1 S191 Is-0 90-1 8L-0 7T-69 — £p-0 3000's01
134X 88-8C 96y 786 LI-T 4! 8¢-7 09-L1 — (yAr4 2000°0
98-L 98-L + [4: 39 + 8¢-0 + 99-1 - £8-0 8000z
99-¢ 65T Lo 0T LS0 . SE0 0s-0 00 - €l-L 3059
€9-T11 9I-v6 9P-LT LT ¥5-6 SO-1 £6-L ¥6-06 — anpisoy
5+J s ] s J s b s 3 ) uonouly
. -~ = . - ” . g , N v s w01g
[e10L urae8oIoyo L aruafouo X uruassolq

awozpy (q)
¥6:959 ve-291 096 09:6C $6-9¢ VL-TET S9-LSY 0 0 §peIq Jes Ajoym
tPILL 80-L01 SE¥99 o1l ¥0-9¢ s6 1€-879 (1] ¢ el
T1-€1 Li-g ¥6-6 %0 780 €9-¢C CI-6 - - 66 juejewiadng
£€5-9¢ 68-9 19-61 19-0 91 879 8¢-81 - — i6-¢ 3000501
s€-161 00-6% SE-THT (48 4 €L-01 L8V 09-T€T - - 60-9¢ 8000'0z
€692 80-T Sy-§C 1+ 6L-1 80-1 99-€7 - — <IL 30007
69-€8 86-11 w1l -1 LO-v L8-0T +9-L9 - - 8S-¥C 3059
oty L6vE ST-S6€ 8T-¢ 9¢-L1 69-6C 168-LLE — Il — anpisoy

s+ s ] s J s J s ] ND) uonoery
. -~ ) ¥ — —_ W v vl [ v —_ Eouoa
felI0L uuago1oyo], urmadouo X wuagsorg

0400} 2409501 30 STTIANVOEO AVINTIEOVILNI HHL WO OTHIA NINGDOAVS [ 419V ]

apoyq JooT (®)



A. AkAHORI, F. Yasupa, K. Kagawa, M. Anpo and M. Tocamt

1924

"TeLIaTBI Ys53J) JO 3 0§ WOL) PAALISP suondely 8 00007 Puk 3 oO0Z JO SuOnDSRLYqNS AU} Ul pouleIuod N pue suuafodes Jo S .

— — — — + — + + — L0-0 ueieuIdng
£9-0t 1€-92 (4334 L0-€ 61 €L-1 ov-C Is-1¢ - $6-0 8000501
o010 o1-0 - + + 01-0 + + - 90 2 000°07
"10e1) 8 000°0C
—_ — — + + + — + — L1-0 Juereuadng
910 91-0 - + - 91-0 - + - ob-0 300001
— — - + — + - + - 990 £ 000C
1981 8 000Z
s+ s J S J 8 J § J N) uonoely
“— - J \ > ) — - J [N ~ J ﬂmoao.nnm
501, uruadoroyoy, uruedouo X uruassol(q
swozpy (9)
¥9-1 + ¥9-1 + £1-0 + Is1 - - 120 ueyewsdng
-1t 671 §6-6C [481) IL-1 911 VZ-82 - - 08y £000°s0T
£€-8C1 ELTT 09-s01 6L-1 68-§ $6-0C 0L-66 - - 12474 8 000°0Z
10813 3 000°0C
20 + w0 + 90-0 + 910 - — 80-0 jugreusadng
8I-L1 ST-1 £0-91 90-0 62-1 or-1 bivl - — yE-€ 800001
£L9 90 [4%°] £0-0 0z-0 9¢5-0 6§ - - =191 30007
1081} & 0007
s+}] s J s J s J s J N uonoelq
. — ” ~ -~ ; - g , \ , ur2101g
1e10L uiuagoloNo urusgouo g uruafsorq

SNOLLOY¥ 3 00007 NV 3 00T 40 SNOLLOYYUIENS FHL NI NOLLGINISIA NINIDOAVS '7 18V,

pvjq foa] (®)



1925

Intracellular distribution of the steroidal sapogenins in Dioscorea tokoro

“uotoey} 8 000°0z S Jo suonoenqng §
“uoyoey 8 0O oY} JO SUOHORIIQNS |

*N Sw Jod suruadodes jo S|

— — - — —_ —_ —_ —_ — juereuIddng
14 543 19-LT 3% 4 44 10T 18-1 rA%4 86-2C - 3000501
ST-0 S1-0 - - - S1-0 - — - 3000°0Z

300002

- —_ —_ — — - — —_ — jueyeniadng

- 010 - - 0r-0 — — — 8000501

- — — — - — — - - 20007

3 000¢C
L0 £E0 €1-0 Z1-0 110 10-0 200 0Z-0 — juejenredng
65-50C 9$-70C 20-€ $8-LE 6I-1 6¥-T €81 €T-091 - 3000501
L8¥1 $8-71 £0-C LEY L60 £9-0 90-1 €8:L — 3000°0Z
156 156 — 0-L — 90 — 10T - 20007
150 9¢-0 S1-0 62-0 80-0 §0-0 L00 £0-0 — 3059

s$+J s ] s J s ] s J uonoely
“ —_— - r‘I(IllL rIIIJlu‘lIk rlllllll|<||l|.|||\
JeloL uiuseoIoyo], uusdouo X aruassoiq

awoznpy (@)
6L:L — 6L:L — 900 — 61-L — — juejeuRdng
059 LT0 29 €0-0 9¢-0 A 88:¢ - — 8000501
(YA €6:0 (4% 4 L0-0 vZ-0 98-0 80-¥ - - #000°0C

18 00002
870 - 8¢-0 - 8L-0 - 707 — — juejeuIadng
1483 v€-0 08y 200 6£-0 £E-0 vy - e 3000501
8I-v 8¢-0 08-¢ €0-0 (481 s¢-0 89-¢ - - %0007

13 000z
£1-0 £0-0 o1-0 10-0 100 €0-0 60-0 - — jueyeuradng
8L9 €L-T 0-s 910 €0 091 oL — - 8000501
€E-L 881 9§ 91-0 190 (4} Y0-¢ — — 800007
€L-€ S1-0 LS€ - §T-0 S1-0 (453 — - 80007
ob-€ 6¥-0 6T §0-0 L1-0 w0 *SL-T - — 3059

s+) s J s J $ '} $ 3 wonoe1y
L v s R — N —— . asa—
[eI0L uruaforoyoy, uruasouo X uruadsory
apv]q foo7 (€)

04003 ([ 30 SATTINVOYO AYVINTTIOVILINI FHL NI SNINFOOJVS 40 NOLLVEINAONO)) ‘¢ 419V ],



1926 A. AKaHORL, F. Yasupa, K. Kacawa, M, Anpo and M. Tocamt

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 20,000 g 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 plants!2~*4 as well as of ani-
mals,'5~17 the composition of the sterols differing from organelle to organelle!? and from
tissue to tissue.!* 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.'’ homogenized the seedlings of
Phaseolus vulgaris fed mevalonic acid-2-'4C, 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.'8 Capstack et al.!® referred the principal site of the B-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 permeability?? 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,

12 R. J. Kemp and E. I. MERCER, Biochem. J. 110, 119 (1968).

13 F, F. Knapp, R. T. AExeL and H. J. NicHOLAS, Plant Physiol. 44, 442 (1969).

14 A, Breccia and A. M. Ramel, Ric. Sci. 37, 48 (1967); W. EisENBERGER and W. MENKE, Z. Naturforsch.
21b, 859 (1966).

15 H. WERBIN, L. L.. CHAIKOFF and M. R. IMADA, J. Biol. Chem. 237, 2072 (1962); N.L.LAsser and R. B. CLAY-
TON, J. Lipid Res. T, 413 (1966).

16 J, GLoveR and C. GREEN, Biochem. J. 67, 308 (1957); A. A. KHAN and J. FoLcH-P1, J. Neurochem. 14, 1099
(1967).

17 R. E. BASFORD, Biochim. Biophys. Acta 33, 195 (1959).

18 N, L. R. BucHER and K. MCGARRAHAN, J. Biol. Chem. 222, 1 (1956); P. D. G. DEAN, P. R. ORTIZ DE MON-
TELLANS, K. BLocH and E. J. Corey, J. Biol. Chem. 242, 3014 (1967).

19 E. CAPSTACK, JR., N. RosIN, G. A. BLonNDIN and W. R. NEs, J. Biol. Chem. 240, 3258 (1965).

20 K. R. BRUCKDORFER, R. A. DEMEL, J. DE GiER and L. L. vaN DEENEN, Biochim. Biophys. Acta 183, 334 (1969),
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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 Intracellular Organelles

The leaf blades and rhizomes (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 0-5 M p-mannitol and 0-01 M mercaptoethanol) for four periods of 30 sec, inter-
spaced by 30-sec intervals, at 18,000 rev/min. 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 supernatants united with the original supernatants. The 650 g
supernatants were centrifuged at 2000 g for 10 min. The 2000 g supernatants were then centrifuged at 20,000 g
for 20 min. The 20,000 g supernatants were further centrifuged, at 105,000 g, for 60 min. All the procedures
described above were carried out at 0-4°.

Sonic Disintegration 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 m] of the same medium as used for the fractionation and sonicated for 2 min in a sonic disintegrator (10 kc)
at maximal output. The suspensions werethen separated into 2000 g, 10 min (or 20,000 g, 20 min) and 105,000 g
60 min sediments and supernatants 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 cther extracts were washed with water, dried
over Na,SOQ,, 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 mi 2 N HCI and hydrolysed for 5 hr on a boiling water bath. The sapogenins hydrolysed were extracted
three times with 50 m] of ether. The ether extracts were washed, dried, evaporated and analysed for sugar-
bound sapogenins.

The supernatants were continuously extracted with 100 ml of ether for 5 hr. The ether extracts were
analysed for free sapogenins. Aliquots of the aqueous layers were added to equal vol. of 10%; trichloroacetic
acid. The precipitated proteins were collected by centrifugation and analysed. The remaining portions were
made 2N by addition of 35 %, HC! and heated for S hr on a water bath. The hydrolysis products were extracted
with ether and analysed for sugar-bound sapogenins.

The leaf blades (13 g fr. wt.) and the rhizomes (25 g) of the same origin were extracted three times with 50-ml
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 ef a/.?! and Okanishi
and Togami*? respectively. Aliquots of the sapogenin mixtures were dissolved in methanol, spotted on thin-
layer plates (20 x 20 cm, Kiesel gel G, 0-25 mm) and developed with C{H,~EtOAc-HOAC (90:8:2, v/v, for
the analysis of diosgenin) or with CHCl;-Me,CO-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 CHCl;. The extracts were evaporated to dryness, warmed with
0-5ml of conc. H,S0, and 5 ml of H; PO, containing 8 mg of FeCl, at 70° for 9 min and, after cooling, the absor-
bances of the reaction mixtures were measured at 485 nm. The areas containing other sapogenins were
scraped into centrifuge tubes and warmed with 0-1 ml of ethanol containing 0-5 mg of anisaldehyde for 15 min
at 100°, then added to 5 ml of H;PO, 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 nm.

2! A. AKAHORI, K. MURATA, F. YASUDA, S. NAGASE, M. TocaMi and T. OKANISHI, Ann. Rep. Shionogi Res. Lab.
16, 74 (1966). i
22 M, TogaMI and T. OxanisHl, Chem. Pharm. Bull. 17, 315 (1969).



