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Membrane Interaction of Soyasaponins in Association
with Their Antioxidation Effect
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ABSTRACT

Membrane interaction of soyasaponins, which are reported to possess nutrient and
pharmacological effects such as antioxidation, liver-protecting actions, and anti-
hypercholesteremia. To obtain the molecular basis for these soyasaponin activities,
the present study attempted to investigate the molecular interactions between
soyasaponin (Soyhealth SA) and membrane lipids, particularly cholesterol. NMR and
MS analysis of the sample soyasaponins indicated the major constituent to be
soyasaponin Bb (I). Two kinds of labeled sterols, 3-deutero- and 6-fluoro-cholesterol,
which were chemically synthesized from cholesterol, were reconstituted in
phosphatidylcholine membrane. The broad band solid-state NMR spectra of these
membrane preparations revealed that cholesterol interacted with the saponin in
phosphatidylcholine bilayers on the basis of NMR signals characteristic of less
oriented and flexible membrane constituents. The NMR spectra of liposomes
incorporated with the fluorinated cholesterol also inferred the possibility of their
interaction although the high mobility of lipids in liposome membrane obscured their
molecular recognition. Further studies for evaluating the molecular interaction of
soyasaponins with membrane are currently underway. Soy Protein Research, Japan 8,
81-85, 2005.
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EggPC (1 X 10° mol) + 6F-cholesterol (3) (1 X 10 mol)

| dissolved in CHCl,

I evaporated and dried under vacuum for 10 h.
I added 200 mM Tris-HCl buffer (27.5 xL) + D,O (522.5 L)

| frozen and thawed twice

| sizing through Liposofast® (200 nm — 50 nm)

1% 6F-cholesterol (3)-containing liposomes (50 nm)

in 10 mM Tris-HCl buffer (550 ;L)

| “F NMR measurements

} added soyasaponin or filipin (3 equivalent to 6F-cholesterol)

| incubated for 2h
F NMR measurements

Scheme 1. Preparation of 3-fluorocholesterol-containing liposomes for NMR measurements
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Fig. 2. Saponins present in the precipitates of SoyHealth SA examined by NMR and MS. (a) Water-soluble fraction
of SoyHealth SA; (b) Insoluble fraction chiefly containing soyasaponin Bb (I). (c) Electrospay Ionization MS
of the insoluble fraction indicating ion peaks as follows: m/z 943.3, soyasaponin Bb (I) +H"; 959.3,
soyasaponin Bb (I) (oxidation product?) +H"; 965.5 soyasaponin Bb (I) +Na*; 981.5, soyasaponin Bb (1) +K".
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Fig. 3. 3-Deuterium (left) - and 6-fluorine (right) -labeled
cholesterols used for NMR measurements.
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Fig. 4. Broad band solid-state “H-NMR spectra of 3-
deuterocholesterol (2). Spectra in the presence
of soyasaponins (A) and the absence (B). *Typical
pake doublet observed for bilayer membrane

structures.
a
b
(o
PPM
T \ T T T ‘ T T T ‘ T T T ‘ T
-107.5 -110.0 -112.5 -115.0

Fig. 5. “F NMR spectra of 6-fluorocholesterol (3) at 1
mol% bound in egg phosphatidylcholine
liposomes. (a) PC only; (b) soyasaponin added (3
equivalent to 3); (c) filipin added (3 equivalent to
3).

KE7-ARBEM Vol 8(2005)



£:3 #9

AWfFECTlx, soysaponin Bb (I)% £AT 2 KEF R I12oWT, FORMHESEH%ZB D IZNMR
EHOWCHARZ. $4hbb, Eil#fbL2a L AT 0= VONMRY 7 F LV EBEIT L2128 5T,
YR = v R L OMEAEHREE 2 A7z, 512, EAFLEI VAT E—IVONMRY 7 F Vi,
PRI ORI & o THFITEILL, KR rpaL 270 — )V EAEER L CEREE 2 i
ZBLTWAIREEATRENT:. ZOMESEHIZOWT, 7y FEEHRILATFO—LEYRY — L%
V- NMREERIZ & o THEE 2 3 A7z,

X [y
1) Yoshiki Y, Kudou S and Okubo K (1998): 5) Kitagawa I, Yoshikawa M, Wang KH, Saito M,
Relationship between chemical structures and Tosirisuk V, Fujiwara T and Tomita T (1982):
biological activities of triterpenoid saponins from Revised structures of soyasapogenols A, B and E,
soybean. Biosci Biotechnol Biochem, 62, 2291-2299. oleanene-sapogenols from soybean. Structures of
2) Matsuoka S, Ikeuchi H, Matsumori N and Murata soyasaponins I, I and Il. Chem Pharm Bull, 30,
M (2005): Dominant formation of a single-length 2294-2297.
channel by amphotericin B in dimyristoylphospha 6) Kitagawa I, Wang KH, Taniyama T and
tidylcholine membrane evidenced by “C-¥P Yoshikawa M (1988): Saponin and sapogenol
rotational echo double resonance. Biochemistry, XXXVIII. Structure of soyasaponin A2, a
44, 704-710. bisdesmoside of soyasapogenol A. from soybean,
3) Murari R, Murari MP and Baumann WJ(1986): the seeds of Glycine max MERRILL. Chem Pharm
Sterol orientations in phosphatidylcholine Bull, 33, 598-608.
liposomes as determined by deuterium NMR. 7) #PEGL (1983) : F NMR: D fbFEA~ADIBH L 8

Biochemistry, 25, 1062-1067. 2 fk2:, 38, 551-557.
4) William G, Dauben BK and Alex R (1985):

Synthesis of 6-fluorovitamin D3. J Org Chem, 50,

2007-2010.

KE7=ARBEMRE Vol. 8(2005) 85



