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Abstract-The major gibberellin found by GC-MS in immature berries of potato was GA,,; GA,, was also identified. 
A novel gibberellin with a mass spectrum indicative of a monohydroxy, 20-carbon GA with a delta lactone was also 
detected. Evidence was obtained by selected ion monitoring for the occurrence of GA,, and also GA, in sprouts on 
potato tubers. 

INTRODUCTION 

After harvest, potato tubers experience a rest period when 
their buds do not sprout, even though environmental 
conditions may be suitable for growth. During the 
ensuing winter storage period, sprouts then develop to an 
extent which largely depends on the time of the end of the 
rest period and the storage temperature. The degree of 
sprouting which the tubers have attained by the time of 
planting in the spring can then have a profound effect on 
subsequent field performance [ 11. 

It has been known for many years that treatment of 
freshly harvested tubers with solutions containing gibber- 
ellin (GA) can markedly shorten the rest period, and that 
increasing concentrations of applied GA give corre- 
spondingly greater rates of sprout extension subsequently 
[2,3]. It is of interest, therefore, to understand the part 
played by endogenous GAS in termination of the rest 
period and subsequent sprout development. Several 
workers have examined whether the level of endogenous 
GAS is correlated with sprout development [4, 51. 

These earlier studies used low resolution chromato- 
graphic techniques and bioassays to determine the levels 
of GA-like substances. They provided no identification of 
individual GAS. Moreover, they provided no reliable data 
on GA levels since potato tubers and sprouts contain 
many acidic growth inhibitors [6] which vary in amount 
during the rest period and sprout development, and which 
can interfere with GA bioassays. We therefore used GC- 
MS with selected ion monitoring (SIM) to identify the 
endogenous GAS and to establish the feasibility of 
qtiantitating them by SIM with heavy isotope-labelled 
internal standards [7]. 

RESULTS AND DISCUSSION 

As endogenous GAS are usually only trace components 
of plant tissues, their identification by GC-MS requires 
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substantial purification of the initial extract. The multi- 
plicity of naturally occurring GAS, together with the wide 
range of polarities which they exhibit, necessitates some 
means of monitoring fractions from an extract to locate 
the GAS. Although bioassays cannot provide reliable 
quantitative data, they do provide the only practical 
means for screening large numbers of fractions for the 
presence of endogenous GAS. For this purpose, we found 
that the d-5 dwarf maize assay was least affected by the 
inhibitory and toxic compounds in potato extracts. 

The acidic ethyl acetate-soluble material from an 
extract of sprouts was chromatographed by reverse phase 
HPLC and the fractions bioassayed. Three zones of 
biological activity were detected, with retention times 
similar to those of dihydroxylated, monohydroxylated 
and nonhydroxylated GAS, respectively [a]. The amounts 
of endogenous GAS in these tissues were estimated to be 
only in the range l-2 ng per g fresh weight. It was clear 
from initial work with extracts of tubers and sprouts 
that, in comparison to the low levels of GAS in these 
tissues, the levels of interfering compounds were too high 
to allow identification of the GAS by full scan GC-MS. In 
immature seeds the levels of GAS are generally much 
higher than in vegetative tissues. It therefore seemed to be 
a reasonable strategy to identify the GAS in immature 
seeds of potatoes by full scan GC-MS and then to 
investigate the presence of some of thdse GAS in sprouts 
by the more sensitive, though less definitive, technique of 
SIM. 

It was not feasible to remove individual seeds from the 
potato fruits, so 4 kg of entire immature berries were 
extracted with methanol and batch processed on columns 
of LiChroprep and cellulose phosphate. The acidic ethyl 
acetate-soluble fraction was then chromatographed on 
reverse phase HPLC and each fraction assayed. As was 
the case with the extracts of sprouts, three zones of GA- 
like activity were found. The fractions comprising each of 
these zones were combined and each of the resultant three 
samples further purified by gradient-eluted silicic acid 
partition chromatography. In each case, a single zone of 
biological activity was detected in the eluate. Silicic acid 
chromatography had no effect on the apparent specific 



biological activity of sample A (most polar), caused a 
slight increase in the activity of sample C (least polar), and 
gave a more than five-fold increase in the activity of 
sample B (intermediate polarity). These three samples 
were rhen methylated. silylated and examined by GC-MS. 

Sample (.‘ u>rliained a minor component with the same 
mass spectrum a5 the methyl ester of GA, i I I) [tu:: value 
irel. int.): 344 (n/r ’ 35j 312 (Z-7). 3X ( 10). 233 (45). 239 
( 11)O)j. In the GC profile of sample B. the major compo- 
nent had a mass spectrum identical to that i)f MeTMSi 
GA,,,(21[41SiLT ., 100).303(13~. .?5(451. ?OI r1_$).207 
(QI]. The oni) compound tn sample A which had a mass 
spectrum similar to that of a GA was a minor component 
whose part&! mass spectrum i\ shown ICI Table i 
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complete absence of any unlabelled GA,, in the prep- 
aration. 

Known amounts of deuterated GA,, were added to 
methanol extracts of tubers and sprouts. The acidic 
fractions of these extracts were subjected to batch silica 
partition chromatography followed by reverse phase 
HPLC, methylation and normal phase HPLC. Fractions 
corresponding to the retention time of MeGA,, were 
silylated and analysed by GC-MS-SIM, monitoring for 
m/z 418 and 421. Figure 18 shows the SIM trace for an 
extract equivalent to 5 g dry wt of sprouts, to which had 
been added 1 ng [‘HI-GA,,. Comparison of the area of 
the m/z 421 peak with the areas obtained by the injection 
of known amounts of [‘HI-GA,, indicated a recovery of 
41% for this extract. The content of endogenous GA,, in 
this extract was calculated to be 52 pg per g dry wt. It is 
clear from this that it is quite feasible to quantitate the 
levels of endogenous GA,, in potato tubers and sprouts 
and we are currently engaged in doing this, in relation to 
storage temperature and physiological age. 

Many species which contain GA,, also contain GA, 
(5), and metabolic studies have shown that GA,, is the 
precursor of GA, [9]. For maize and pea, at least, it has 
been argued that in fact as far as extension growth is 
concerned, it is GA, which is actually the biologically 
active GA [lo]. Obviously it is important for an under- 
standing of extension growth in potato sprouts to know 
whether GA, occurs in potatoes, along with GA,,. The 
work described above did not detect GA, in berries, but it 
is clear that potato extracts contain sufficient inhibitory 
compounds to mask small amounts of activity. 

To obtain evidence for the presence of GA, in tuber 
sprouts, a purified fraction with the known chromato- 
graphic properties of GA I was prepared and examined by 
GC-MS-SIM. Figure 2A shows the SIM trace obtained 
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Fig. 2. GC-MS-SIM traces of: (A) standard MeTMSiGA,; 

(B) methylated, silylated extract of potato sprouts 

with a standard of MeTMSi GA,, monitoring for M+ 
(which is also the base peak) at m/z 506. Figure 2B shows 
the trace from the injection of an extract equivalent to 15 g 
dry weight of sprouts. A peak of m/z 506 can be seen at a 
retention time identical to that of authentic MeTMSi 
GA,. On this evidence we conclude that GA, is indeed an 
endogenous GA in potato sprouts, and that study of the 
role of GAS in sprout development will therefore also 
require the quantitation of GA,, as well as GA2,. 

EXPERIMENTAL 

Plant material. Field-grown tubers of Solanum tuberosum cv 
Homeguard were stored after harvest at 15-20” until they were 

sprouting. Sprouts l-2 cm long were removed, frozen in liquid 

N, and freeze-dried. Immature green berries, 1-2.5 cm diameter, 

were collected from plants of S. tuberosum cv Desiree growing in 

the field. The berries were also frozen in liquid N, and 

lyophilized. 

Bioassays. The dwarf maize assay was performed as described 
previously [l l] using Zea mays which was homozygous for the 
d-5 mutation. 

Extraction. Freeze-dried material was homogenized in 70% 
MeOH (20 ml/g dry wt), filtered through cheesecloth and two 

layers of Whatman No. 2 paper and the filtrate stored at 4”. The 

residue was re-extracted with fresh 70% MeOH at 4” overnight. 

After filtration of the second extract, the two filtrates were 

combined and filtered through Whatman GF/F glass fibre paper. 

The 70% MeOH extact was then pumped over the LiChroprep 

column. 

LiChroprep Cl8 column. Filtered 70% MeOH extracts were 

pumped over a column (250 x 22.5 mm, 2540 pm) of LiChro- 

prep RP-18 reverse phase material at a flow rate of 30 ml/min. 

The non-retained material (initial volume of extract plus 200 ml 

70% MeOH wash) was reduced to an aq. extract by evapn, and 

the column was regenerated by washing with THF. The capacity 

of this column to retain material from an extract was gauged from 

the break-through point for the non-polar pigments in the 

extract. In addition to reducing the dry wt of extracts by up to 

50% (with virtually no loss of added radiolabelled GAS), this 

batch Cl8 treatment greatly reduced the tendency of extracts to 

form emulsions when subsequently partitioned against organic 

solvents. 

Cellulose phosphate. The aq. extract of immature berries was 
adjusted to pH 3 before being loaded onto a column of 60 g floe 

cellulose phosphate cation exchanger (NH: form). The column 

was washed with 21 H,O (pH 3) and all the non-retained material 
taken as the acidic fraction. This acidic fraction was pumped over 

the LiChroprep column and the retained acidic materials then 

eluted with MeOH. H,O was added to the MeOH and the 

mixture evapd to give an aq. extract (of greatly reduced vol.) 

which was adjusted to pH 2.5 and partitioned against EtOAc. 

Reverse phase HPLC. When acidic EtOAc-soluble extracts of 

sprouts were reduced to a small vol., they formed extremely 

viscous solutions which were impossible to filter. To avoid this 

problem, H,O was added to these fractions and the EtOAc 

removed by evapn. The aq. extract was then pumped onto a 

column of 10 pm ODS Hypersil(l50 x 10 mm) and the column 

flushed with H,O (pH 3) at 5 ml/min. The column was then 
developed with a gradient of MeOH in 0.1 M HOAc, from 

&lOO% in 30 min at 5 ml/min. Fractions were collected every 

min and dried by evapn. This procedure was also used for the 

large extract of immature berries. For later work with sprout 

extracts (when a batch silicic acid procedure had been adopted), 

the acidic extract was injected onto the HPLC through an 




