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ABSTRACT

Ion-pair reverse phase HPLC techniques were
used to compare the contents of IAA and IAAsp
in the embryogenic and non-embryogenic calli
derived from ginseng (Panax ginseng C.A. Meyer)
root tissues. The contents of IAA and IAAsp of
the embryogenic callus were much higher (7 to
18 X respectively) than those of non-embryogenic
callus. There is a distinct fluorescent peak of an
unknown component in the HPLC profile of the
extract for indolic compounds from non-embryo-
genic callus. This distinct difference may be em-
ployed as a promising parameter to screen the
culture pieces for obtaining the calli with high
potential for embryoid formation.

INTRODUCTION

Somatic embryogenesis can be readily in-
duced in cell suspension cultures by transferring
the cultured tissues and cells in media containing
auxin to auxin-free media. Exogenously supplied
auxins inhibit induction of somatic embryo-
genesis (Halperin, 1966), and promotive effects of
antiauxins have been demonstrated (NewComb
and Wertherell, 1970; Smith and Street, 1974).
Since rapid cell proliferation and differentiation
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occur in the process of embryogenesis in auxin-
free media, The roles of endogenous auxins and
their metabolites would be interested to know
because auxin is considered to be essential for
cell proliferation and development. Although in
a number of experimental systems the inhibition
of exogenous auxins on somatic embryogensis
has been demonstrated, the role of endogenous
auxins and their derivatives have not been ex-
ploited extensively. Only a few determination of
the IAA content as related to somatic embryo-
genesis was documented. A poor embryoid-for-
ming cell line of carrot accumulated more IAA
than embryoid-forming cell lines (Sung, 1979).
No difference of endogenous auxin content was
demonstrated in carrot cell lines at three stages
of the somatic embryogenesis (Fujimura and
Komanine, 1979). The roles of endogeneous
somatic in tissue
cultures remained unsettled. This is associated
with the fact that the usually employed physico-
chemical methods involving bioassays are non-

auxins on embryogenesis

specific and do not ensure quantitative determina-
tion of endogenous auxins. Recent development
of high performance liquid chromatography will
benefit the assay of auxins in small samples.

We have previously established an experi-
mental system of somatic embryogenesis in



ginseng (Panax ginseng C. A. Meyer) callus cul-
tures (Chang and Hsing, 1980a, 1980b). We now
report that the contents of IAA and IAA-aspartic
acid in embryogenic tissues are higher than that
of nor-embryogenic tissues. The involvement of
auxin in somatic

endogenous embryogenesis

will be discussed.

MATERIALS AND METHODS

a) Plant materials and culture methods

The callus culture used in these experiments
was derived from pith tissues of a ginseng root
and subcultured every two months for three
years in a basal medium containing Murashige
and Skoog (1962) salts with (in mg/ml): myo-
inositol, 100; nicotinic acid, 0.5; pyridoxin, 1000;
sucrose, 30000; Difco-Bacto agar, 10000; 2,4-D,
0.001, as described previously (Chang and Hsing,
1978a, 1978b). Poor embryoid forming and
easy embryoid forming callus lines were isolated
and subcultured separately at 27C in darkness.
These embryonic and nonembryonic calli were
sampled for IAA and IAA-aspartic acid analysis.

b) Synthesis of IAAsp

Indole-3-acetyl-D, L-aspartate was prepared
by the method of Mollan et af (1972). The pro-
duct was further purified on a Hibar semiprepara-
tive HPLC C-18 column (E. Merck Darmstadt.
F.R. Germany) using water-methanol-acetate
(66.5-33-0.5) as eluent. A 15-19ml
fraction was collected, and dried in vacuo. Identi-
fication was made using UV and IR. All spectra
were in agreement with the report by Mollan et
al (1972).

mixture

c) Extraction and pruification of indolic com-
pounds

Ten gram (fresh wt.) newly transferred em-
bryogenic and non-embryogenic calli of Panax
ginseng was homogenized in 100ml precooled
(-10C) methanol-water (80-20) mixture which
contained 200mg/1 sodium diethyldithiolcarba-
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mate as antioxidant. The homogenized tissues
were stirred for 8 hr. at 4C, filtered, and further
concentrated :n vacuo to dryness. The residue was
purified according to Durley et al (1982) was
dissolved in Iml methanol-diethyl ether (1:1),
then the concentrated ammonium hydroxide
solution was added dropwisw shaking until the
ammonium was excess (8-10 drops). The solution
was evaporated in vacuo. Polyvinylpyrrolidone
(PVP) powder was mixed throughly with distilled
water and the fines decanted after setting for 5
min. When five decantations were completed,
columns (10 x 1-2cm) were prepared in distilled
water. The ammonium salt samples prepared were
dissolved in 1ml water and chromatographed on
the PVP columns with distilled water as eluent
(flow rate 0.5ml/min). The 7-17th fractions (one
ml each) of eluent were collected, adjusted to
pH 3.0 (using IM HCI). A column XAD-7 (Sigma,
U.S.A.) was employed for further purification of
extracts. The resin was purified according to
Andersson (1982) and further packing into a 3ml
measuring pipette with glass wool using distilled
wat, and pre-eluted with 30ml of 0.1M citrate-
phosphate buffer at pH 3.0. The elute from PVP
column was applied to XAD-7 column with a
flow rate of 1.9mi/min. The column was further
washed with 4ml distilled water, followed by 5ml
methanol. The methanol elute was collected and
concentrated in vacuo and subjected to further
HPLC analysis.

d) HPLC Analysis

Reverse phase ion-pair HPLC analysis of
partial purifed extracts was conducted on an
ODS analytical column (Laboratory Data Con-
trol, USA. 5um, 25cm), using MeOH/phosphate
buffer (24/76) (0.05M, pH 7.0, with 0.1M
tetrabutylammonium sulfate as pair ion) as
mobile phase. Detections were by UV 254 de-
tector (Model 1203, Laboratory Data Control,
USA) and fluorescence detector (Fluorescence
Spectrophotometer Model 204-A, Hitachi,
Japan). The peaks at 6.45 min and 12.35min
(Fig. 1) were collected separately and concen-
trated n vacuo to dryness. Further analysis was



IAAsp

1AAsp

1AA

Fiuorescent intensity {ext: 278 nm, emit: 365 nm)

[ | 1 I L L { !
1] 0

5 10 15
min

Fig. 1. HPLC. chromatograms of (a) 100ng authentic

IAA and IAAsp, (b) extract from 5g embryo-
genic callus on C-188 ODS column. Eluent:
MeOH/H, Ofacetic acid (33/65.5/0.5).

made on a reverse-phase ODS column (10um,
25cm) with MeOH/H, Ofacetic acid (33/65.5/
0.5) as mobile phase. The qualitative detection
and quantitative measurement were made by
using a HP-1040A High Speed Spectrophotn
metric Detector (Hewlett Packard, USA).

RESULTS AND DISCUSSION

Batch of 10g fresh weight of calli was suf-
ficient for measurement of both free and con-
jugated IAA(Fig 1, 2). The HPLC procedures of
IAA and IAAsp reported herein are rapid, ef-
fieient and sensitive although two purification
steps are required there are relatively simple.
Thus large numbers of samples could be pro-
cessed.

Both embryogenic and non-embryogenic
calli contain considerable amounts of TAA and
IAAsp (Fig. 2 and Tab. 1). The content of IAA
in embryogenic calli is about 18 times of that of
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non-embryogenic calli. The content of IAAsp
of the embryogenic calli is also considerably
higher than that of the non-embryogenic calli.
Moreover, there is an unknown peak appeared
right after the IAAsp in the HPLC-fluorescence
profile of the extract of non-embryogenic calli
extract (Fig. 2). Spiking of the extract with au-
thentic JAA and IAAsp clearly demonstrated
that the unknown component in the extract is
not 1AAsp (Fig. 2). The nature of this fluorescent
component remained to be exploited.

Unknown
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Fig. 2. HPLC cromatograms of (a} extract from 5g

embryogenic callus, (b) extract from 5g non--
embryogenic callus, {c) extract from b5g non-
embryogenic callus spiking with 100ng of TAA
and 1A Asp.

Above mentioned results only represent
some qualitative and quantitative differences in
the partial purified extracts for analysis of indolic
compounds. The rclationship between these
differences and the process of somatic embryo-
genesis needs further investigation. However, the
differences between the HPLC-fluorescence pro-
files of embryogenic and non-embryogenic calli
are quite intense, particularly the unknown peak
shown in the profile of the non-embryogenic
calli. The remarkable difference in HPLC profiles
may be employed as a promising way to screen
the culture pieces of calli in order to obtain the

potent embryogenic calli.



Table 1. Quantitative analysis of indolic compounds in calli derived from ginseng roots using reverse phase-ion

pair HPLC-fluorescence techniques.

IAA

IAAsp TIAA/ITAsp
embryogenic 845 ng/g.f.w. 98 8.6
non-embryogenic 47 14 3.3
embryogenic/non-embryogenic 18 7
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