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Abstract

Biosynthesis of saponins from acetate, mevalonate and squalene using root slices of Panax
ginseng C.A. Meyer was investigated. The sliced roots (2g) were incubated with the reaction
mixture containing 20 mM sodium acetate (500Ci [U-"*Cl-acetate), 10 mM mevalonate (25 Ci
[2-4C)-mevalonate) or 10 mM squalene (10.Ci [4, 8, 12, 13, 17, 21-*H)-squalene) respectively at
30°C for 72 hours. Biosynthesis of labelled ginseng saponins from [U-"*C]-acetate,
[2-"*C]-mevalonate and [4, 8, 12, 13, 17, 21-*H]-squalene was confirmed by autoradiography.
Analysis of the products from [U-"C]-acetate by T.L.C. showed that the % radioactivities in
panaxadiol, panaxatriol, squalene and mevalonate were found to be 2.1%, 2.7%, 2.6% and
0.2% respectively. Some of the sugars were also highly labelled. Analysis of the products
from [2-C]-mevalonate by T.L.C. showed that squalene was highly labelled and the products
from [4, 8, 12, 13, 17, 21-*H]-squalene showed that panaxadiol, panaxatriol and sterol were
highly labelled. From the above results, it was suggested that saponins might be syn-
thesized from acetate via mevalonate-squalene route as expected in ginseng root.
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NAD*, NADPH, coenzyme A, sodium acetate, DL-mevalonic acid lactone,
squalene & Sigma 4} A #F, ATP, silica Gel 60F,.,, glutathione, nicotinamide 3=
Merckst #13¥, PPOst POPOP+= Fisher Scientific Co. #¥, [U-'*C]-acetic acid
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smM NAD' (0. 25M nicotinamidee] &), 40mM MgCl,, 40mM MnCl,, 1.26M
sucrose, 30mM  ATP, 3mM NADPH, 5mM coenzyme A, 0.1M glutathione
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Fig. 1. Thin layer chromatogram of H,0: MeOH (50: 50, v/v) extract of Panax ginseng C.A. Meyer root

slices (2g) incubated with the reaction mixtures containing [U-14C]-acetate or [2-14C}-mevalonate or
[4, 8,12, 13, 17, 21-3H]-squalene, respectively. The chromatography was carried out using CHCls:
MeOH: H,0 (65: 40: 9, v/v/v).
Rf values; 1. squalene 0.87

2. mevalonate 0.24

3. ginseng saponin mixture 0.31, 0.36, 0.41, 0.53
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Table 1. Radioactivitly distribution in sugar, saponin and lipid fuction of the reaction products of Panax
ginseng C.A. Meyer root slices incubated with the [U-14C)-acetate, [2-14C}-mevalonate, and [4, 8,
12, 13, 17, 21-3H]-squalane respectively. 2 g of root slices was incubated with the reaction mixture
(3.3 m/) containing 0.6 M phosphate buffer, pH 6.8, 8SmM NAD+ (in 0.25 M nicotinamide), 40mM
MgCl,, 40mM MnCl,, 1.25 M sucrose, 50mM ATP, 3mM NADPH, 5mM coenzyme A, 0.1M
glutathione (reduced form) and 20mM sodium acetate (5004Ci [U-14CJ-acetate) or 10mM
mevalonate (25u4Ci [2-14C]-mevalonate) or 10mM squalene (10xCi [4, 8, 12, 13, 17,
21-3H]-squalene) at 30°C for 72 hours. After incubation the mixture was extracted and frac-

tionated by T.L.C.

Radioactivity (DPM)
Startu}g Sugar Saponin Lipid Total
material
18,248,750 31,638,670 35,942,500 85,829,920
Acetate
(21.2)* (36.9) (41.9 ) (100)
923,750 24,703,350 8,818,500 34,445,600
Mevalonate
(2.7 71.7) (25.6 ) (100)
250,311 243,756 8,265,800 8,759,867
Squalene
(2.85) (2.8 (94.35) (100)

*The figures in brackets are relative percentages assuming that of total radioactivity being 100. The
percentages of recovered radioactivity were 7.8%, 62.6% and 39.8% respectively.

1 2 3
Fig. 2. Autoradiogram of saponin parts of Panax ginseng C.A. Meyer root slices incubated with [4, 8, 12, 13,
17, 21-3H}-squalene (1) or [2-1*C}-mevalonate (2) or [U-14C]-acetate (3) respectively. T.L.C. (pre-
coated T.L.C. plates, Silica Gel 60 Fyg4, 20°20 cm) was carried out using CHCl;: MeOH: H,0 (65:

40: 9, v/v/v) as a developing solvent.
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saponin F-{tell 2 2] wpalis 888 zhzk 36.9%, 71.7%, 2.8%% akEigivl (Table 1),
saponin - 3 -& autoradiography® ¥ 4 & 4 ¥ [U-*Cl-acetate £ 3= [2-14C)]
-mevalonate?} @7 wiokal wbg AP EAN - BFE saponind W H == F-Rol 4] £ bl
o] AvgstAl ®AF L [4, 8, 12, 13, 17, 21-*H]-squaleneol 4 =« %5 v} (Fig, 2).,

Nicholas®¥= Salvia officinalis®] 9, %7], ol [2-Y*-Cl-acetate¥-E] sterol¥} oie
7F#4] triterpenesi 7t g sl dvbar Roarskgliedl ¥ A ge] Asbw AlE ) el A triterpene
il acetated AR dled A EIvhys bR el a]slel o)},

[U-1*Cl-acetateiz 6] §HA3 %l A 4d5-2) whal 823 mevalonatest  squalenee] 2+7}
0.29252F 2,6%, @ ¥-&°] 6, 7%k (Table 2). f? 3] maltose+sucrose ##, glucose+
fructose 2ol 4| ubaliro] el 373 AP R v]Fo] Kol gcetateRK-¥] wo] g4 = A
AL RS A bk o), miMbAE Ndbell 2] vhekel wbabg (24, 79%)e] ESE g
panaxadiol, panaxatriol, sterol -3 A zbzb 2,19, 2.7%., 2.97% 3 5= 9o}
(Table 2).

Table 2. Analysis of lipid and sugar parts of the reaction product of Panax ginseng C.A. Meyer root slices
incubated with [U-14Cl-acetate

Radioactivity Relative*

Components

(DPM) %
Phospholipid 3,306,710 3.8
Panaxadiol 1,833,068 2.1
Panaxatriol 2,372,209 2.7
Sterol 2,551,917 2.97
Fatty Acid 21,242,017 24.7
Triglyceride 2,048,722 2.4
Squalene 2,228,435 2.6
Maltose + Sucrose 3,540,258 4.1
Glucose + Fructose 1,003,681 1.1
Arabinose + Xylose 583,960 0.68
Rhamnose 729,950 0.85
Acetate 91,243 0.1
Mevalonate 164,239 0.2

* Relative percentages are the values assuming that of total recovered radicactivity from acetate being 100.

[2-"*C]l-mevalonate25-¥ FAE =ubdd RHeo] dbals H¥ 3= panaxadiol, panax-
atriol, squalene, sterol, RWkatell 2 ZF2} 0.6%, 3%, 5%. 1.1%. 2.3% % z=Ecl,
squalene®l WAbs H2£7F [U-'*Cl-acetate@ - 3&“”?‘} Zd-g-oll wmlslA FoREE AP
saponin 344 344 mevalonate?} acetate® vl A BHY S 3148k o)t} (Table
3). ©°li= Capstack® %-o] wrepa]e] gh¥oljA] Whalyro® ¥ 2%l mevalonate2-5-¥]
squalene’t g-amyrine] 4= 5, g-amyrin®] °k°] Z7hgell wela) squalene®] ool
Ayt Hoargh Hlabe &gl

[4. 8, 12, 13, 17, 21-*H]-squalene. 2461 §LAd % =|wpal FH-o] bl F-33z panax-
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Table 3. Analysis of lipid and sugar parts of the reaction product of Panax ginseng C.A. Meyer root slices in-

cubated with [2-14C]-mevalonate

Radioactivity Relative*

Components
(DPM) %

Phospholipid 3,465,670 10
Panaxadiol 211,644 0.6
Panaxatriol 1,040,583 3
Sterol 379,195 1.1
Fatty Acid 793,665 2.3
Triglyceride 590,839 1.7
Squalene 1,719,607 5
Maltose + Sucrose 65,586 0.2
Glucose + Fructose 37,873 0.11
Arabinose + Xylose 65,586 0.2
Rhamnose 31,407 0.09
Acetate + Mevalonate 25,865 0.07

*Relative percentages are the values assuming that of total recovered radioactivity from mevalonate being
100.

Table 4. Analysis of lipid and sugar parts of the reaction product of Panax ginseng C.A. Meyer root slices
incubated with [4, 8, 12, 13, 17, 21-3H)-squalene.

Radioactivity Relative*

Components
(DPM) %

Phospholipid 1,744,083 19.9
Panaxadiol 1,024,959 11.7
Panaxatriol 1,628,362 18.5
Sterol 686,061 7.8
Fatty Acid 438,087 5
Triglyceride 99,189 1.1
Squalene 43,808 0.5
Maltose + Sucrose 11,514 0.13
Glucose + Fructose 10,763 0.12
Arabinose + Xylose 19,023 0.22
Rhamnose 8,510 0.09
Acetate + Mevalonate 43,303 0.49

*Relative percentages are the values assuming that of total recovered radioactivity from squalene being
100.
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37b squalene®] ApAdos qlshe] AE A F Kol Aatxldl (40%) Zlalshs Ao)epar A zhst
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srede) A (Panax  ginseng C.A. Meyer) He]e] Fa AEFe shlal  saponind
(ginsenosides) 2l A3¥A ARE FYstzl fisted <14k &e] H#H 2g)& 20mM sodium
acetate (500 #Ci[U-"*C]-acetate), 10mM mevalonate (25 u Ci[2-'*C]-mevalonate), 10
mM squalene (10 #Ci[4, &, 12, 13, 17, 21-*H]-squalene)-& Zrzt %3¢k k&l 7hatar
30°C ol A} 72417t TR elste] Q-2 AAAES ARk A opga 3 Add dgdok,

1. [U-*Cl-acetate, [2-'*C]-mevalonate, (4, 8, 12, 13, 17, 21-*H]-squalene®.2%-€] 7z}
7} wpalAd @l 4} saponine]l 4 %% autoradiography® #lshsict,

2. [U-"Cl-acetatez¥-v12] A4AdE& T L.C & ¥ ¥4 Z3}t panaxadiol, panax-
atriol, squalene, mevalonateell 4] 3551 Hhalge] zbzh 7hslls & halsel 2,19%,
2. 7%, 2.6%, 0.29% 3o ol M x abvdake] ubabigol whx) ¥ vl
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