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Abstract-The native gibberellin A, (GA,), in radioactive form ([1,2-3H]GA,, 1.06 Ci/mmol), was fed to carrot 
somatic cell cultures (suspension and immobilized cell systems) and its metabolism over a 48 hr period was investigated. 
It was found that the r3H]GA, was metabolized to at least two GAS, C3H]GA, and r3H]GA,, six GA glucosyl 
conjugates, [3H]GA,-0(3)-glucoside, [3H]GA,-O( 13)-glucoside, [3H]GA,-glucosyl ester, [3H]GA,-glucoside, 
[3H]GA,-glucosyl ester, a [3H]GA, glucosyl conjugate(s) and a previously unknown [3H]GA, glucosyl conjugate 
([3H]GA,-0(3,13)-diglucoside-like compound). The GA,-diglucoside-like compound was found only in extracts of 
cells and was present in significant amounts (33 % of total extractable radioactivity). All other metabolites were present 
in both cells and medium. For extracts of the medium, no differences between the suspension and immobilized cultures 
existed in types of [3H]GA, metabolites although quantitative differences were apparent. 

INTRODUCTION 

Gibberellins (GAS) A, (2), A, (l), A, (17) and A”“‘GA, 
counterpart (13) have been characterized from somatic 
suspension cultures of anise and carrot by GC/MS [l]. 
Conversion of [3H]GA, to [3H]GA, (3), [3H]GA8-O(2)- 
glucoside [GA,-0(2)-G, (lo)] and [3H]GA,-O(3)-G (8) 
has been reported in somatic embryos and proembryos of 
anise suspension cultures [Z], and conversion of 
C3H]GA, to [13H]GA,, C3H]GA, (14), C3HJGA, and 
[13H]GA3, (4) in several other plant species has been 
reported [l-9]. The conversion of a GA to GA glucosyl 
conjugates was discussed by Noma et al. [2] and Yamane 
et al. [9]. 

The present paper discusses the metabolism of [1,2- 
3H]GA, to GA, and GA, and to glucosyl conjugate-like 
substances in somatic cell cultures and an immobilized cell 
system [l&12] of carrot. 

RESULTS AND DISCUSSION 

Distribution of radioactivity 

The distribution of applied radioactivity in the cultured 
cells and their medium is shown in Table 1. In the 
suspension cell culture system 16.2 p,, 63.7 “/o and 20.1 7, 
of the radioactivity was found in the medium extract, cell 
extract and cell residue, respectively. The medium bathing 
the immobilized cells was not significantly different from 
medium bathing the cell suspension cultures with regard 
to types of C3H]GA, metabolites, but the quantities in 
each category of metabolite differed somewhat (Table 1). 
For the immobilized cell systems, the extracts of MES 
medium [ 121 tended to have more residual precursor 
C3H]GA,, but they also had more radioactivity in peaks 
III and V-VII (Table 2). Uptake of precursor and re- 
uptake of metabolites may thus be less efficient for cells 
bathed in MES medium. Only suspension culture cells 

were used to examine cell metabolism. The distribution of 
radioactivity within the cell extract was 1.4 “/;, and 98.6 “/o 
in the acidic ethyl acetate-soluble fraction and the highly 
water-soluble fraction, respectively. This suggests that 
C3H]GA, and its acid metabolites are almost completely 
metabolized to highly water soluble compounds (e.g. 
mainly GA glucosyl conjugate-like substances) in the cells. 

Separation and identification ofmetabolites of [‘H]GA, 

Si gel partition column fraction groupings 7-l 1, 13-16 
and 18-21 (Fig. 1) of each sample (one cell extract and 
three different medium extracts) contained only one 
significant peak when run on gradient- and isocratic- 
eluted HPLC-RC and/or GLC-RC. These peaks coin- 
cided with known standards of C3H]GA,, [3H]GA, and 
C3H]GA, for fraction groupings 7-l 1, 13-16 and 18-21, 
respectively. In grouped fractions 24-26 a significant 
radioactive peak was observed (R, 27-28 min on gradient- 
eluted HPLC-RC) but the compound was not further 
identified. Seven GA glucosyl conjugate-like compounds 
were separated from the highly water-soluble fraction on 
gradient-eluted HPLC-RC (Fig. 2). The R, of peak I 
(Table 3) coincided on gradient-eluted HPLC with that of 
GA,-0(2)-G. One of the three hydrolysis products 
(enzyme, base or acid) coincided on gradient- and 
isocratic-eluted HPLC with GA,, and the other two 
products were probably epimerized GA, or C/D rear- 
ranged GA,. The R,s of peaks III-V (Table 3) coincided 
with those of GA,-0(13)-G (9), GA,-0(3)-G and GA, 
glucosyl ester [GA,-GE(7)], respectively. Their hydro- 
lysis products (enzyme, base or acid) coincided with GA,, 
3-epi GA, [13] or C/D rearranged GA, [14]. The R,s of 
peaks VI and VII (Table 3)coincided with those of GA,-G 
(6) and GA,-GE (5), respectively. Their hydrolysis pro- 
ducts (enzyme, base or acid) coincided with GA, or 3-epi 
GA,. Peak II (Table 3) was found only in the cell extract, 
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Table 1. Recovery of radioactivity (percentage of applied radioactivity*) from cell 

cultures incubated with [1,2-3H] GA, for 48 hr 

Suspension cell Immobilized cell 
culture cultures 

MES medium 71V medium 

Medium extract 

Total 16.2 

Acidic, ethyl acetate phase 7.6 
Si gel efRuent 4.9 
Si gel methanol wash 2.7 

Acidic, butanol phase 5.7 
Residual water phase 2.9 

Cell extract 

Total 63.7 

Si gel etlluent 0.9 
Si gel methanol wash 62.8 

Cell residue 20.1 

*2.6 /cCi was applied to each cell culture. 

21.2 14.3 
12.7 6.9 
8.4 4.3 
4.3 2.6 
4.7 3.7 
3.8 3.7 

-. 
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Table 2. Levels of radioactivity (percentage of extracted radioactivity) in extracts of cells, or medium 

from cell cultures, incubated with [3H]GA, for 48 hr 

Suspension cell 
culture 

Immobilized cell 

cultures 

GA fractions Cell* Medium? Medium$ Medium (71V)5 

GAS 

GA, 0.5 6.8 9.4 4.9 

GA, 0.4 2.5 1.9 2.8 

GA, 0.2 2.5 4.7 1.4 

Tailing or other peaks 0.6 18.5 23.6 21.0 
GA conjugate-like substances 

Peak I [GA,-0(2)-G] 1.8 2.5 1.9 2.8 
Peak II (GA,-diglucoside-like conjugate) 32.8 - 

Peak III [GA,-0(13)-G] 2.1 6.8 7.5 7.0 

Peak IV [GA,-0(3)-G] 2.9 3.7 1.4 2.8 

Peak V (GA,-GE) 31.4 7.4 5.2 6.3 

Peak VI (GA,-G) 14.9 6.8 8.0 4.8 
Peak VII (GA,-GE) 1.0 2.5 2.8 2.8 

Tailing or other peaks 11.5 22.2 15.6 18.2 

Values estimated from radioactivity eluted from Si gel partition column (GAS) and isocratic 

gradient HPLC (GA conjugate-like substances). 

*1.656&i extracted in total. 

to.421 bCi extracted in total. 

$0.551 PCi extracted in total. 

$0.372&i extracted in total. 
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Fig. 1. Si gel partition column chromatograms of an extract of 

carrot somatic cells in liquid suspension culture and the medium 
therefrom. [3H]GA, (2.6pCi) was incubated for 48 hr in the 

suspension cultures. (--- ) Cell extract; (-----) medium 
extract (acidic, ethyl acetate phase). 

not in the medium extracts. The hydrolysis products 
(enzyme, base or acid) coincided with GA,, 3-epi GA, 
[13] or C/D rearranged GA, [14]. The R,s of the 
radioactive moiety of peak II after hydrolysis with 0.13 M 
acetic acid (at room temperature for 4 days) coincided 

with those of the original peak, GA,-0(13)-G, GA,-0(1)-G 
and GA, on isocratic HPLC-RC. This suggests that peak 
II might be GA,-0(3,13)-diglucoside (11). 

Metabolism of (13H]GA, 

In carrot somatic cell cultures most of the absorbed 

[‘H]GA, was converted to C3H]GA-G/GE (98 “/;I of the 
absorbed radioactivity) (Table 2). The main metabolites of 

C3W% were the [3H GA,-0(3,13)-diglucoside-like 
compound (32.8 %) and 3 [ H]GA,-GE (31.4%). Thus, 
69.67; of the absorbed radioactivity was converted to 
[3H]GA, and its glucosyl conjugate-like metabolites and 
only 16.4 “/o remained as C3HJGA, and C3HJGA, glucosyl 
conjugate-like metabolites [e.g. 13HJGA,-G (14.9 %), 
C3H]GA,-GE (1.0%) and precursor [ H]GA, (0.5 o/,)1. 
This pattern of metabolism was very different from that 
found for anise cell cultures [15] where 60% of the 
absorbed radioactivity still remained as C3H]GA, and its 
glucosyl conjugate-like metabolites (e.g. C3H]GA,-G and 
[3H]GA,-GE) after 348 hr of incubation. No C3H]GA,- 
0(3,13)-diglucodde-like compound was observed in the 
anise cultures. In comparison with the levels of [3H]GA, 
glucosyl conjugate-like metabolites, the levels of free 
[3H]GA,, free C3H]GA, and E3H]GA,-0(2)-G were very 
low (0.47;, 0.2 7” and 1.8x, respectively). This suggests 
that the rate of conversion from [3H]GA, to its con- 
jugates was much greater than the rate of conversion from 
[3H]GA, to [3H]GA,, from [3H]GA, to E3H]GA, and 
from C3H]GA, to C3H]GAs glucosyl conjugate. The very 
high level of [3H]GA,-0(3,13)diglucoside-likecompound 
(32.8”/, of the absorbed radioactivity) suggests that its 
formation from [3H]GA,-O(3)-G (2.9 “/;, of the radioac- 
tivity) and/or [3H]GA,-O(13)-G (2.1 7” of the radioac- 
tivity) is very rapid. In the culture medium (acidic, ethyl 



1588 M. KOSHIOKA ec ul. 

GA,-GE - 

10 15 20 25 30 35 40 
Rt (mini 

Fig. 2. Gradient-eluted reverse phase C,, HPLC profile of the highly water-soluble fraction (e.g. methanol wash, 
which will contain GA glucosyl conjugates) from Si gel partition CC of the cell extract, and of the extract of 
the medium from carrot somatic cell suspension cultures in which 2.6&i [3H]GAI had been incubated for 48 hr. 
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Fig. 3. Possible pathways of [3H]GA, metabolism (2 + 13) in carrot somatic cell suspension cultures; based on 
Noma et al. [I. 21. 
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Table 3. Separation and identification of [‘H]GA, and its metabolites by gradient and isocratic HPLC- 

RC after 48 hr incubation of [3H]GA, with suspension cell cultures of carrot 

R, (min) 

Unknown compounds and 

authentic standards 
Gradient-eluted Isocratic 

HPLC-RC HPLC-RC Identity* 

(for conditions see ref. [ 151) 

From Si gel partition CC fractions 
Peak A (fr. 7-l 1)t 

Peak B (fr. 13-16) 

Peak C (fr. 18-21) 

From HPLC fractions 

Peak I 

Hydrolysate of I$ 

Peak II 

Hydrolysate of 11s 

Peak III 

Hydrolysate of 111s 

Peak IV 

Hydrolysate of IV* 

Peak V 

Hydrolysate of V$ 
Peak VI4 

Hydrolysate of VIPS 

Peak VII 

Hydrolysate of VII* 

Standards 

GA,(S) 
GA,-O(2)-G(l0) 

GA,(Z) 
GA,-0(13)-G(9) 

GA,-0(3)-G(8) 
GA,-GE(7) 

GA,(I) 
GA,-G(6) 

GA,-GE(S) 

37738 

25-26 

12-13 

11-12 

12-13 

15-17 
25-26 

21-22 
25-26 

23-24 

25-26 

24-25 

25-26 
33-34 

37-38 

35-36 

37-38 

12-13 

11-12 

25-26 

21-22 

23-24 

2425 
37-38 

33-34 

35-36 

35-37(III) GA,(I) 
2627(11) GA,(Z) 
22-23(I) GA&) 

17-18(I) GA,-O(2)-G(?)(lO) 

22-23(I) GA,(S) 
%lO(II) GA,-conjugate (ll?) 

2627(11) GAi(2) 

17-lS(II) GA,-0(13)-G(9) 

26-27(11) GAi(2) 

21-22(11) GA,-0(3)-G(8) 

2627(11) GA,(2) 

25-26(11) GA,-GE(7) 

2627(11) GA,(Z) 
15-16(111) GA,-G(6) 

35-37(111) GA,(l) 

29-31(111) GA,-GE(S) 

35-37(111) GA,(l) 

22-23(I) - 
- 

2627(11) - 

- 

35-37(111) - 
- 
- 

*Identified by co-chromatography with known standards on HPLC and/or GLC-RC. 
tThese compounds were also identified as C3H]GA, by GLC-RC: The R, on three columns were 

7.4 min, 1 “/, XE-60; 7.6 min, 2 “/;, QF-1; and 9.1 min, 3 7; SE-30, respectively. 
*Obtained on hydrolysis with /I-glucosidase. 
§This compound was also identified as [3H]GA,-G by GLC-RC as the permethylated derivative. The 

R, was 7.9 min on 3 “/, OV-101 column. 

acetate- and acidic, butanol-soluble phases, Table I), the 

metabolites were the same as in extracts of the suspension 
cell cultures except that no [3H]GA,-O(3,13) diglucoside- 
like compound was detected. The quantities of C3H]GA, 
metabolite levels in the medium of immobilized cultures 
were similar to those in the medium of cell suspension 
cultures. Possible pathways of the metabohsm of 
C3H]GA, in carrot cell suspension cultures are shown in 
Filg. 3. 

The simiiarity between types of metabolifes and trleir 
amount (Table 2) in the medium of cultured cells and 
immobilized cells indicates that the immobilized cell 
system may be a useful technictue for biosynth&c pro&~- 
tion of GAS from labelled (e.g. 3H, *H, “C) and un- 
labelled precursors since the level of sucrose in the 
immobilized cell system medium need be only 25 “/;, of that 
in the suspension cell system. The immobilized cell system 
is now being tested for production of a variety of [3H]GA 
rnc9&&i~~s <+ZLVZ. 9~~4 f3;JK7 _ d I &JC 1 . “J;p_c_‘u;csJ;5. 

EXPERIMENTAL 

Culture origin and maintenance. The Ca68 culture of Daucus 
carota was derived from root tissues of germinated seeds [lo] and 
obtained from the National Research Council of Canada Culture 

Collection, Ottawa. The suspension culture was maintained by 

weekly passages on 71 Y medium [I I] at 26” in continuous light 
on a shaker (150 rpm). In expts using immobilized carrot cells, a 5- 

day-018 cuuure was taken ano the &is entrappeo tititim a 

caicium aiginate matrix oy a procedure describedpreviousiy [LZl. 

Immobilized cells were incubated in either complete 71V medium 

or a MES buffer mixture [12]. 

Met&&m QJ” ~%]gibberr(fin A, by the c&s. Suspwsion 
cultures of D. carota (5-day-old inoculum) or beads of im- 

mobilized ceils were pre-incubated for 3 days in 50ml 71V 
medium or MES buffer prior to addition of sterile (by filtration) 

[1,2-‘H]GA, (2.6$Zi, 1.06 Ci/mmol [3] dissolved in 200~1, 

diluted to 5.2 ml with medium) to 50 ml medium. The incubation 

‘W% WWrf&rl& %?, % &&rPz. Z&Z*. 
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Suspension cultures were harvested by filtration, the cells 
washed with 2 x 20ml H,O, frozen and freeze-dried. The 

medium and washings were combined and similarly freeze-dried. 
For Immobilized cells the incubation medium was decanted from 

the beads. The beads were then washed with 2 x 20ml HZ0 and 

these washings were combined with the incubation medium, 

frozen and freeze-dried. 

Sembdner (Halle, East Germany), and Professor N. Takahashi 

and Dr. N. Murofushi (University of Tokyo). 
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