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Abstract : The effect of red ginseng saponins (total saponins, Rbl- and Rgl- fraction of saponins) on
the induction of B-galactosidase in yeast, Saccharomyces cerevisiae, was investigated to see that gin-
seng saponins would penetrate the cell membrane and have a function in a nucleus as steroid hor-
mones do. To attain such a kind of purpose, a DNA fragment (685bp) containing GAL1 promoter
was inserted into the sites of EcoR1 and BamH1 of polylinker region, upstream of lacZ gene of the
plasmid YEp356 (7.966 Kb), and thus the resulting plasmid pGALI-lacZ is supposed to express B-
galactosidase only in the presence of galactose. The plasmid pGALI-lacZ was introduced into yeast,
KY106 (a leu2 ura3 his3 trpl lys2), and the growth of the transformed cells was much slower in the
presence of galactose than glucose. The effects of saponins on the specific activity of B-galactosidase
from transformed yeast cells were detected. No significant increase was observed in case of total sa-
ponins, but the Rbl- or Rgl- fraction of saponins gave much higher increase in the activity. Max-
imum increase was observed as 35% in 107*% of Rbl and as 75% in 107'% of Rgl. These data sug-
gest that ginseng saponins might be able to enter the nucleus and stimulate transcription. However,

further studies to find out the putative saponin receptor are needed to confirm this possibility.
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Introduction

Korea ginseng has heen known as one of the
important herbal medicines. It has a broad effi-
cacy as it has been used in the Orient as an elixir
for hundreds of years. Although the biochemical
evidences for such a broad efficacy was not
sufficiently provided, its effective compound has
heen reported as an adaptogen” stimulating non-
specifically the resisting force to the changed
circumstances or as a prostisol,” a metabolic sti-
mulator like a hormone stimulating protein bio-
synthesis. Later, many scientists paid attention
to the saponin(s) as an effective compound in
ginseng. Particularly, Joo® suggested the action of
saponins as a surface active agent activating non-
specifically enzyme activities in appropriate
concentrations of ginseng saponins. Since the
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structures of ginseng saponins were determined
by Shibata” to be ginsenosides which were com-
posed of a sugar (glycon) portion and a nonsugar
(aglycon) portion called as sapogenin which was
tetracyclic terpenes of the dammarane series,
researches on ginseng saponins were proceeded
actively and thus a significant progess has been
made with the isolation of individual ginsenosides.
All the pharmacological effects of ginseng sapo-
nins identified were come out after absorption. It
means that they can penetrate the membrane of
the cell and organelles. Author ef al.” had pre-
pared “C-labelled ginseng saponins using a bio-
synthesis system with natural ginseng root slices
as an enzyme source, and had investigated the
absorption of the saponins into the cell and the
distribution in the cell with this “C-labelled gin-
seng saponins. About 107°% of the saponin con-
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centration was identified in the liver, which was
known to be the optimum concentration for most
enzyme reac- tions to be stimulated, and also the
radioactivity was observed in cell organelles such
as mitochondria, microsomal fractions and nu-
cleus. Entrance into the cell can be expected
from the backbone, tetracyclic terpene, structure
of saponins, which then suggest that it can pass
through the cell membrane and bind to its re-
ceptor and then control the transcription in the
nucleus as steroid hormones do.

In this study, we tried to investigate the effect
of ginseng saponins (total saponins, Rb1- and Rgl-
fraction of saponins) on the induction of B-galac-
tosidase in yeast.

Materials and Methods

1. Materials

All restriction enzymes used and T4 DNA ligase
were purchased from Poscochem or Bethesda
Research Laboratories, Inc., and calf intestinal alka-
line phosphatase (CIP) was from Pharmacia Mole-
cular Division. Other special reagents were from
Sigma Chemical Co.

2. Strains and growth conditions

E. coli strain HB101 was grown at 37C in LB
medium and the transformed cells containing recom-
binant DNA were selected in LB medium supple-
mented with ampicillin. Yeast strain, Succharomyces
cerevisiae, KY106" (a leu2 ura3 his3 trpl lys2) was
grown at 30C in YEPD medium and its transformed
cells were selected and cultured in uracil-minus
minimal medium containing 0.7% yeast nitrogen
base, 2% glucose or galactose.

3. General recombinant DNA techniques

Plasmids were isolated using alkaline lysis proce-
dure according to Ish-Horowics ef al.” Transfor-
mations were achieved by the CaCl. procedure for
E. coli and by Li salts method for yeast. Newly
constructed plasmids were isolated from transfor-
mants according to the procedure described by
Garger ¢t al.”

4. Construction of a recombinant DNA

As shown in Fig. 1, for the insertion of yeast

Effect of ginseng saponins on the induction of B-galactosidase in yeast 311

€ KSmBXSaP SpH

’*;“’ixi‘

s, At 2
pBM 258 (8.26 kb) \\\ﬁ‘a

GALIO GALI YEp356 '\
-«— —> 1] laeZ

o 7.966kb
[ -685 ].275 l.77{ ' !LSS l75 |

¥ \B 24 j//

EcoRl + BamH!

pGALI-lacZ

8.63kb

Fig. 1. Construction of recomhinant plasmid, pGALI-
lacZ. Restriction istes are indicated for Aatll
(A), BamHI (B), EcoRIl (E), EcoRV (Ev),
HindIll (H), Kpnl (K), Pstl (P), Saall (S),
Smal (Sp), and Xbal (X).

GAL1 promoter contained in plasmid pBM258"
into the polylinker region, which has multiple
unique restriction sites including EcoRI, Kpnl,
Smal, BamHI, Xbal, Sall, Pstl, Sphl and HindIII,
upstream of the lacZ gene of YEp356" vector,
the EcoRI-BamHI DNA fragment (685 bp) of pla-
smid pBM258 including GALI promoter was isola-
ted and ligated into the same EcoRI-BamHI site
(22 bp) in the polylinker region of YEp356 (7,966
bp) to produce a recombinant DNA contai- ning
plasmid pGALI-lacZ (Fig. 2).

5. Examination of the induction of P-galac-
tosidase and the effect of ginseng saponins

The transformed yeasts which the recombinant
DNA, pGALI-lacZ, was
cultured in a minimal medium containing galactose
to see whether P-galactosidase will be expressed
in this transformed cells or not. To investigate the

introduced into were
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Fig. 2. Restriction patterns of vector, YEp356 and in-
sert. 1; ADNA+HindIll, 2; YEp356+EcoRI+
HindIII (7.944 kb), 3; Insert (GALI, 685 hp).

galactosidase, the transformed cells were cultured
in a galactose-medium supplemented with various
concentrations (107%~1%) of saponins (total sapo-
nins, ginsenoside Rbl and Rgl) and then B-galac-
tosidase activities of cells under different con-
centrations were measured and compared with the
activity of cells cultured in a same medium wi-
thout saponins.

6. B-galactosidase assay

B-galactosidase activity was measured as the
amount of o-mitrophenol produced from substrate,
ONPG (o-nitrophenyl B-D-galactoside) in one minu-
te at 420nm according to the modified method of
Rose and Botstein. Protein content was determi-
ned as described by Lowry ef al.””

Results and discussion

1. Construction of a recombinant DNA

Recombinant DNA, plasmid pGALI-lacZ, was
constructed as shown in Fig. 1. The 685bp (lane 3,
Fig. 2) EcoRI-BamHI fragment of plasmid pBM258
containing GALI promoter was ligated into YEp356
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Fig. 3. Restriction patterns of vector, YEp356 and
recombinant DNA. 1; ADNA+HindIIl, 2; YEp
356, 3; Recombinant DNA (pGALI-lacZ), 4;
YEp356+Kpnl, 5; Recombinant DNA-+Kpnl,
6; YEp356+Sacl, 7; Recombinant DNA+Sacl,
8; ADNA-+HindIIL

(7,944 bp, lane 2, Fig. 2) previously digested with
EcoRI and BamHI (22 bp). Recom- binant plasmid,
pPGALI-lacZ, introduced into E. coli strain HB101
and 20 colonies were selected on plates with am-
picillinin. The plasmids isolated from transfor-
mants were characterized by digestion with vari-
ous appropriate restriction enzymes such as
BamHI, EcoRI, EcoRV, HindIll, Kpnl and Sacl to
confirm the site shown in Fig. 1. Digestions of
Kpnl and Sacl, which had single sites between
EcoRI and BamHI in polylinker region of vector,
YEp356, were tried to see whether their sites
were removed from the recombinant DNA by the
msertion of 685bp EcoRI-BamHI fragment of
plasmid pBM258 containing GAL1 promoter into
the same sites of the vector or not. Other enzy-
mes such as BamHI, EcoRI, EcoRV, HindIlll were
used to compare the size of DNA fragments of
vector to that of recombinant DNA after the
treatment of each restriction enzyme. As shown in
Fig. 3, Fig. 4 and Fig. 5, it was identified that
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Fig. 4. Restriction patterns of vector, YEp356 and
recombinant DNA. 1; ADNA+HindIIlL, 2; YEp
356+EcoR], 3; YEp356+BamHI, 4; Recom-
binant DNA+BamHI, 5; YEp356+Hindll, 5;
Recombinant DNA+HindIIL

recombinant plasmid, pGALI-lacZ, which contained
GALI promoter upstream of the lacZ in plasmid
YEp356, was well constructed. The recombinant
plasmid pGALI-lacZ constucted as above was
introduced into yeast uracil-minus mutant strain
KY106 to observe the expression of the gene in
yeast. Transformation into yeast was done accor-
ding to lithium salt method, and six transformants
were selected on the plate with C-ura minimal
medium.

2. Effect of ginseng saponins on the induction
of P-galactosidase in yeast

To know the effect of ginseng saponins on the
induction of P-galactosidase, the transformed cells
were cultured in a galactose-medium contai- ning
various concentrations (107%~1%) of saponins
(total saponins, ginsenoside Rbl and Rgl) and then
B-galactosidase activities of cells under different
concentrations were measured after cell disruption
using glass beads and compared with that of cells
cultured in a same medium without saponins (con-
trol group). The concentrations of saponins were

Effect of ginseng saponins on the induction of B-galactosidase in yeast 313

Fig. 5. Restriction patterns of vector, YEp356 and re-
combinant DNA. 1; ADNA-+Hindlll, 2; YEp356,
3; Recombinant DNA, 4; YEp356+HindllL, 5; re-
comhinant DNA+HindlIl, 6; YEp356+EcoRV, 7;
Recombinant DNA+EcoRV, 8 ADNA+HindIIL
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Fig. 6. Effect of total saponins on the induction of -
galactosidase in yeast. The induction of B-galac-
tosidase was measured as B-galactosidase ac-
tivity which was expressed as AOD,, per min
per mg of protein. Control means B-galactosi-
dase activity from the transformed cells cul-
tured in a galactose-medium without saponins.
Open square ([J) means specific activity (unit)
and closed square (M) means relative activity
(%). p=<0.05.

chosen in this experiment according to the results
obtained by the examination of the saponin effect
on protein biosynthesis in E. cdi.’’ The effect of
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Fig. 7. Effect of ginsenoside Rbl on the induction of -
galactosidase in yeast. The induction of B-galac-
tosidase was measured as B-galactosidase ac-
tivity which was expressed as AOD,, per min
per mg of protein. Control means B-galacto-
sidase activity from the transformed cells cul-
tured in a galactose-medium without saponins.
Open square ((3) means specific activity (unit)
and closed square (M) means relative activity
(%). p<0.05.
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Fig. 8. Effect of ginsenoside Rgl on the induction of B-
galactosidase in yeast. The induction of B-galac-
tosidase was measured as PB-galactosidase ac-
tivity which was expressed as AOD,, per min
per mg of protein. Control means PB-galacto-
sidase activity from the transformed cells cul-
tured in a galactose-medium without saponins.
Open square () means specific activity (unit)
and closed square () means relative activity
(%). p<0.05.

total saponins on the induction of B-galactosidase
was shown in Fig. 6. There was no significant
increase in P-galactosidase activity under all detec-
ted ranges of concentration of total saponins com-
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pared to the control. However, the effect of gin-
senoside Rbl or ginsenoside Rgl on it was much
higher than the control. As shown in Fig. 7, gin-
senoside Rbl showed maximum 35% increase in
107%, whereas, in case of ginsenoside Rgl (Fig. 8),
maximum 75% increase was observed in 107'%.
These results were similar to the data of the
effect of saponins on the induction of superoxide
dismutase (SOD) reported by Rho et & Judging
from these results, at least ginsenoside Rbl and
ginsenoside Rgl of saponin fractions might be able
to permeate the cell membrane and enter the
nucleus and then stimulate transcription as steroid
hormones do. However, further studies such as
the investigation of increase in mRNA level, the
identification of the putative saponin receptor
using labelled saponins, the mechanism of mem-
brane transport, and mechanism of gene regulation
are needed to confirm this possibility.
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D. Ish-Horowics and J. F. Burke : Nucleic Acid
Res., 9, 2989 (1981).
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