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Abstract

The levels of activity of B-D-glucosidase, a-D-mannosidase, a- and B-D-galactosidase,
1,3-, 1,6-, 1,4-B-b-glucanases, 1,4-a-D-glucanase, fucoidanhydrolase and agarase were meas-
ured in extracts of non-transgenic and transgenic Panax ginseng cultures transformed with
the rolC gene. Significantly increased levels of activity of B- and «-D-galactosidases and
1,3-B-D-glucanase were detected in rolC-gene transformed cells, compared to the control
non-transformed cells, while levels of activity of other enzymes were unchanged. These, as
well as the gel-permeation experiments, revealed that transformation of ginseng cells by the
rolC gene could significantly affect activity of some carbohydrases and production of their
molecular forms.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The rolC gene of Agrobacterium rhizogenes has been shown to be particularly
efficient in stimulating ginsenoside production in Panax ginseng transformed cultures
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[1]. In tests with rolC-transgenic Nicotiana tabaccum and Catharantus roseus
cultures, it was also shown that the total yield of secondary compounds could be
greatly increased [2,3]. The mechanism by which the rolC gene influences secondary
metabolism is unclear. The relevance of ro/C-gene transformation with respect to
primary metabolite production in cultured plant cells has never been demonstrated.

We wanted to investigate the effect of the rolC gene integration on enzyme
activity in ginseng transgenic cells. For this work we applied our model system,
which consists of non-transformed cells of P ginseng (lc cell culture) and lc-
derived transgenic cultures (lc-rolC) [1]. Enzymes for carbohydrate metabolism
were chosen because of their potential use for human treatment. For example, plant
o-D-galactosidases that can remove the a-1,3-bond galactose residues from glyco-
proteins and erythrocytes of group B(III) blood, thus, converting them into the
substances and erythrocytes of group O(H), are of great practical interest [4].
Another aspect concerning potential of carbohydrase enzymes for practical purposes
has recently been reported. Some carbohydrases, such as an endo-1— 3-B-D-
glucanase from Pacific Coast algae, have been shown to cleave non-active laminaran
polysaccharides to its active glucan derivatives, possessing a strong immunomodu-
latory activity [5].

2. Experimental
2.1. Chemicals

Amylose, agarose, CM-cellulose, as well as p-nitrophenyl derivatives of B-D-
gluco-, a-p-manno-, a- and B-D-galactopyranosides, were purchased from Serva.
Laminaran, fucoidan and pustulan were obtained from the brown seaweeds Lami-
naria cichorioides and Fucus evanescens and the lichen Umbellicaria russica,
respectively [6]. Standard proteins from Pharmacia and Sigma were used for column
calibration. Sephadex G-25 and Toyopearl HW 65 were obtained from Pharmacia
and Toyo Soda (Japan), respectively.

2.2. Cell cultures and media

The origin of the initial non-transformed culture ic of P ginseng C.A. Meyer,
the transformation of 1c¢ culture and the establishment of the lc-rolC-root cultures
has been described in the previous paper [1]. The lc-rolC-II line 2c3, which is
incapable of forming roots, was obtained from the lc-rolC-II callus culture via
selection of root-free aggregates in several passages [7]. Cultural conditions were
identical for both transgenic and control cultures; they were grown in liquid W g,
medium in the dark for 21 days at 25 °C [1].

2.3. Enzyme activity determination

Ginseng tissues (0.5 g) were frozen at —20 °C, crushed in a mortar and extracted
with 1 ml of 0.05 M Na-succinate buffer, pH 5.2. The extracts were centrifuged
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and supernatant portions (1 ml) were passed through a Sephadex G-25 column
(1 X8 cm) to remove low-molecular weight substances.

Glycosidase activities were tested using the corresponding p-nitrophenyl-gluco-
pyranosides as substrate [8]. The reaction mixture containing 50 .l of the extract
and 450 pl of the corresponding substrate (1 mg/ml) was dissolved in 0.05 M Na-
succinate buffer (pH 5.2), and incubated at 37 °C for 2 h. The reaction was stopped
by addition of 2 ml of 1 M Na,COs, and the absorbance of p-nitrophenol was
measured at 410 nm. ‘

Glycanase activities were measured by determination of reducing sugars released
from corresponding substrates [8]. The reaction mixture, containing 100 pl of the
extract, 200 wl of the substrate (1 mg/ml) and 200 pl 0.05 M Na-succinate buffer
(pH 5.2), was incubated for 18 h at 37 °C.

Molecular masses of the enzymes were evaluated by gel-filtration chromatography
using Toyopearl HW 65 column (1X70 cm), equilibrated with 0.05 M Na-succinate
buffer (pH 5.2). A 1-ml portion of extract was placed on a column and eluted with
0.05 M Na-succinate buffer (pH 5.2). The enzymes Were detected by determination
of their activities.

3. Results and discussion

Extracts from cultured ginseng tissues were prepared and assayed for glycosidase
(B—D—glucosidase, a-D-mannosidase, - and a-D-galactosidase) and glycanase (1,3-
B-D-glucanase, 1,6-p-D-glucanase, 1,4-B-D-glucanase, 1,4-a-D-glucanase, fucoidan-
hydrolase and agarase) activities in several subsequent experiments, which have
been performed to ensure statistical validity of the results. The o-D-mannosidase
level in ginseng tissues was found to be the highest among all activities tested
(Table 1). High levels of B- and a-D-galactosidase activities were found in the
transgenic root cultures. Transgenic tissues showed an increase of B-D-glucosidase
activity compared with the 1c control culture (Table 1). However, the increase was
statistically insignificant for two transgenic root cultures because of the high
variability of their activities from one subculture to another. Our data are in a good
agreement with studies describing exo-O-glycosylhydrolase activities of the natural
ginseng roots: among 16 activities tested, only a-, B-p-galactosidase, a-L-arabinos-
idase, P-D-fucosidase, a-D-mannosidase and N—acetyl-B—D-glucosaminidase were
detected [9].

To test whether a polysacchaﬁde-hydrolase activity was changed in transgenic
cultures compared with the non-transformed culture, we used laminaran, pustulan,
CM-cellulose, amylose, fucoidan and agarose as substrates. As a rule, the ability of
ginseng tissue extracts to hydrolize these substrates was low, although moderate
activities of 1,3-B-D-glucanase and 1,4-a-D-glucanase were detected (Table 1). The
only polysaccharide—hydrolase activity that was increased as a result of transforma-
tion was the 1,3-B-D-glucanase activity (Table 1).

The rolC-callus culture was included in the analysis to investigate whether the
enzyme activity would be dependent upon the Jevel of cell differentiation. We have
found some differences between 1c-rolC-root lines, as well as between transgenic



641

V.P. Bulgakov et al. / Fitoterapia 73 (2002) 638-643

15937 § JUOPNIS ‘AUNIND O [ONUOD SA [0 >d .
18911 S JUIPMIS AUM[ND O [0TUOD 'SA SHO> T ,
"31qr10919p 10N :pU

“(yoee suonedstjder soryp yua) syuswitiadxa ajeredes saIy) Uo poseq INH'S Fsonfea uBspy ,,

qPU 0T+0¢$ S1+0L 0C+<9 8+¢¢ osoresy aseredy
0z +0¢ 0€F09 or+0L 8+¢¢ 02+09 UBploong ase[orpAqueproony
09+ 061 or+01¢ 0¥ +09¢ 0LTF 06T 0L+0z¢ aso[Aury aseuedN|D-A-0-4|
0Z+0¢ orF0S 0S+09 8+7C or+or SSOIN{[I-ND aseueon|n-a-g-|
0T+or 01F0¢ LF0g ZI+6E 02+09 uejmsng aseueonn-a-g-9|
0TF0£T ~OTFOLE <OV F01E 0V F09C oc+oct uereuiuer] oseueonin-a-g-¢'|
saseuedL[o)
0€L+0SZT 0081 F0LET 0£9T +08¢¢€ 00t +00v1 006 +0LET sprsourikdouuew
-a-o-[AuaydoniN-d ASEPISOUURTA[-U-10
spisoursfdooeed
L06C+0SL 081 +068 LOTCFHOPIL L0SF0T8 0S +00v -a-0-[AusydoniN-d SSEPISOIoR[E)-a-0
spisoueifdoioeed
x0T1 +06S LOIEF0001 08T FOVET 00T F0£0T 0L+091 -a-g-dusydonin-d asepIsojoe[en-a-g
aprsoueifdoon(d
L09F00¥ 06+ 00T 061 F09¢ OTTFOLY 09 F ov1 -a-¢-14uoydoniN-d SSEPISOOND-A-¢)
SASBPISOIA[L)
(3uy €97)
sn[[eo 1001 1004 1001
1I-D104-91 AI-D]04-01 [1-0104-31 I1-O104-31 &
Md (-8 9 Wu ‘Ananoy Jrensqng IsRIPAYOQIE))

sanssy) Sussurd owaBsuen) PoALIP-0] puB SISNJ[Ed O] Jo saniAnoe aseipAyoqre))

1 298l



642 V.P. Bulgakov et al. / Fitoterapia 73 (2002) 638-643

N o
=] 3 a
= a x10° =
= (a) . z (b)
34
x10 ; 5 *
F R = \ = <
= & =
= =z a = s
EY = = ES =
2 z 35 £ ] =
< 2 £ a
£ Vv £ =
& - = b
@ v -~
£ 1 % 14 *
> 14 -
2 ] .
= = "
0 — o iy |
~— —
[ 20 40 60 80 o 20 " o0 0
Volume, mt
Volume, m}
«
C @ d
= 5 ( ) x10? a ( )
3 E o N =
x10° = = I
§ 3 Z 0y § ¥
ES ¥ - E S "
& i Z A
=2 = L
£ k=1 v
S ] a4 P
3 = . v -
£ g [ =
g g P
£ = 2 K ' @
= = I s
LA
07 # T o -I T - T

0 0 40 L 80 0 10 20 30 40 H 60 70

Velume, ml
Volume, mt

Fig. 1. Elution profiles of B-D-glucosidase (a), 1,3-B-D-glucanase (b), a-D-mannosidase (¢) and B-D-
galactosidase (d) activities fractionated from crude extracts of lc culture ( ) and 1c-rolC-1I culture
(--mmem- ) by use of a Toyopear]l HW 65 column.

root lines and 2c3 callus culture in their carbohydrase activities, but we have
concluded that the changes of carbohydrase activities, in general, cannot be explained
by changes in the level of cell differentiation, e.g. root formation (Table 1).

Molecular forms of the enzymes were studied by gel-permeation chromatography
of extracts from lc calluses and lc-rolC-II roots. The experiment was performed
using a column calibrated with standard proteins in the range of 16-300 kDa. The
molecular masses of lc-callus B-D-glucosidases were estimated to be 84 and 181
kDa, while the molecular mass of B-D-glucosidase from the 1c-rol/C-II roots was 40
kDa (Fig. 1a). The levels of B-D-glucosidase activities recovered from the columns
were low for both transformed and non-transformed tissues.

The 1,3-B-D-glucanase activity was recovered from the column as a main peak
of molecular mass 40 kDa for the lc culture and two peaks of 40 and 110 kDa
proteins for the lc-rolC-1I culture. (Fig. 1b) Apparently, a two-fold increase in 1,3-
B-D-glucanase activity in lc-rolC-II culture, compared with 1c culture (Table 1),
can be explained by expression of the 110-kDa protein. Since B-D-glucosidase
activity coeluted with $-1,3-glucanase activity, we could not exclude a possibility
that the 40-kDa pB-1,3-D-glucanase possessed both glucanase and glucosidase
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activities because it was well established that some 1,3-B-D-glucanases could have
a marked specificity for B-D-glucosides [10,11]. Therefore, true B-D-glucosidase
activities of ginseng tissues could be less than shown in Table 1.

Mannosidase-related activity of the lc-rolC-II root extract was localized in the
fraction of molecular mass 112 kDa (Fig. 1c). a-Mannosidase of the transgenic
roots appears instead 181-kDa protein, which originally was present in the Ic
culture.

Two peaks of B-p-galactosidase activity were resolved when the 1c-callus extract
was subjected to column chromatography. As in the case of mannosidase activity,
the transgenic tissue showed quite different profiles of B-D-galactosidase activity,
which have been revealed as a group of proteins with similar molecular masses.
Among them, the most abundant 72-kDa protein was recovered (Fig. 1d). Thus,
gel-permeation experiments seem to show that changes of carbohydrase activities in
transgenic cells are the result of expression of new enzyme isoforms rather than of
the induction of existing enzymes.

This work provides the evidence that activity of some carbohydrases could be
increased in ginseng cells transformed by the rolC gene. Among them, the level of
a-D-galactosidase activity was two—three-fold higher than that of the respective
control. This enzyme may be useful for modification of human blood cells. The
mechanism(s) of the rolC gene action on the level of carbohydrases in ginseng
cells should now be investigated.
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