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Abstract-The native hormones from tassels of maize (Zeu mays) were re-investigated. The previous identification by 
GC/SIM of GA1, GA, and GAz9 in normal tassels was confirmed by full GC/MS scans at the correct Kovats retention 
indices. In tassels of dwarf-l mutants, GA&GA19, GA,,, GAIo and the 16,17dihydro, 7/3,16a,l7-trihydroxy derivative 
of ent-kanrenoic acid were identified by GC/MS. Gibberellin A1 was not found in the mutant tassels. [14C]Gibberellin 
Ass was fed to tassels of the dwar$S mutant. In the ethyl acetate-soluble acidic fraction from the feeds, [‘4C]G&4 was 
identified by GC/MS; [14C]GA,9 and [14C]GAz9 were identified by GC/SIM. The GAz9 is probably a metabolite of 
the feeds because the dwar$5 mutant is known to control the step copalyl pyrophosphate to ent-kaurene in the maize 
GA-biosynthetic pathway and because GAz9 was not identified in a control experiment. The n-butanol fractions 
obtained from the feeds were shown, by GC/MS, to contain [14C]GAsJ after hydrolysis, suggesting that conjugated 
[14C]GA,J is a major metabolite from GAS3 feeds. [17-l%, 17-‘HJGibberellin A,, was fed to normal, dwa$l and 
dwarf-5 tassels. In each case, analysis of the purified ethyl acetate-soluble acidic extracts by GC/MS led to the 
identification of [13C]GAz9 and unmetabolized [“C]GA,, in which no ‘3C-isotope dilution was observed. 

INTRODUCTION RESULTS 

The single-gene mutants of Zeu muys L., dwarf-l, -2, -3, 
and -5, are non-allelic, simple recessives which respond to 
exogenously applied gibberellins (GAS) by normal pheno- 
typic growth [l-3]. These mutants provide an oppor- 
tunity to examine in detail both the GA-metabolic 
pathway and the hormonal action of GAS in relation to 
elongation growth of stems and tassels. This paper is 
confined to tassels; recent metabolic studies with seedlings 
of maize are published elsewhere [4, 51. 

Identi$cution of nutive GAS in tassels 

This paper extends the data previously reported [6] on 
the nature of GAS in maize tassels. It also presents results 
on the metabolism of [14qGAs3 of sufficiently high 
specific activity to detect the *C-label in metabolites by 
GC/MS. The dwarf-5 mutant was selected for these 
experiments because the genetic block occurs at the 
cyclization step of copalyl pyrophosphate (CPP) to enr- 
kaurene [7J As a result, the levels of GAS are low or zero [S]. 
This paper also presents the results of feeding [17-l 3C, 17- 
3H1]GAzo to tassels of normal, dwarf-1 and dwarf-5 in an 
attempt to elucidate the later steps in the GA-pathway and 
to define the position of the block in dwu$l. 

In a previous paper [6], we reported the identification 
of GAS in extracts from tassels of normal maize by 
GC/MS. The following GAS were identified by full scan 
mass spectral comparison with reference spectra: GA1,, 
GA,,,, GA2,,, GA44 and GAS3 (Fig. 1). In addition, the 
presence of small amounts of GA1, GAs and GAz9 (Fig. 1) 
was indicated by capillary GC/SIM. 

We have re-examined the original extract, prepared in 
1979, together with more recent extracts from dwarf-1 
tassels, by capillary GC/MS using a more sensitive mass 
spectrometer. The results are shown in Table 1. All 
identifications were made from full scan comparison of 
the derivatives at the correct Kovats retention index. 
These results are discussed later. 

In a small-scale control experiment, in connection with 
the feed of [14C]GA,3 to dwujl5 tassels, three tassels of 
dwaj-5 were injected with methanol, incubated for 24 hr 
and extracted. No GAS were detected by GC/SIM. 

$Present address: Plant Physiology and Chemistry Reaearch 
Unit, U.S.D.A. Agricultural Research Service, Western Regional 
Research Center, 800 Buchanan St., Berkeley, CA 94710, U.S.A. 

lIPresent address: Long Ashton Research Station, Long 
Ashton, Bristol BS18 9AF, U.K. 

Small-scule feed of [14C]GAs3 to dwarf-5 

The distribution and percentage recovery of label in the 
various fractions are shown in Table 2. The total amount 
of substrate injected into the three tassels was calculated 
to be 5.4 pg (3.3 x 104 Bq) of which 21% was found in the 
acidic fraction and 53% in the n-butanol fraction. 
Nineteen per cent of label was unaccounted for. 

The acidic fiuction (7.0 x lo3 Bq, 7.3 mg) was frac- 
tionated by TLC into six zones of radioactivity which 
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Fig. 1. The structures of the compounds referred to in the text. 

Table 1. Compounds identdkd in normal and dw&l tassels 
and their Kovats retention indii (KRI) 

Compound KRI Normal Dwarf-1 

GAto opened lactone-l(lO)-ene 2423 + + 

GAD, 2417 + + 

GA,, 2492 + - 

GA,7 2569 + tr 

GA,9 2590 + tr 

GA, 2664 + - 

GAD 2681 + - 
GAss, 16,17dihydro-1791 2750 + - 

GA, 2778 + + 

GA, 2815 + - 
ent-Kaurenoic acid 2231 + - 
ent-Kaurenoic acid, 16,17dlhydro, 

7a, 16/?,17-trio1 2860 + + 

tr = trace. 

were eluted and assayed for radioactivity (Table 3). 
Fraction 1 from TLC had too great a mass for GC/MS 
analysis but the other fractions were analysed by this 
method after methylation and trimethylsilylation. 

From fraction 4, [‘4C]GA44 was identified as the 
MeTMSi derivative by a full mass spectrum from a peak 
at R, 29.6 min. The presence of 14C-label in Gb4 was 
shown by the [Ml+ cluster which contained an [M + 8]+ 
Ion at m/z 440 (9 %). 

From fraction 5, unmetabolized [14C]GASs was identi- 
fied from a full mass scan of a peak at R, 24.7 min; the mass 
spectrum showed an [M + 8]+ ion at m/z 456 (1%). The 

Table 2. Partition of label from the 24 hr feeds of [‘%]GA,, to 
the dwarf-5 mutant; small- and large-scale feeds 

Phase/fraction 
Small-scale 

feed 
Large-scale 

feed 

Total feed 35051 Bq 50 232 Bq 
(wt) (5.7 r3 (10.2 clg) 
Net feed 3.3 x 104 Bq 5.0 x 104 Bq 
(wt) (5.4 /Jg9) (10 1 Pg) 
Radioactivity (% net feed) 
Methanolic extract 80.9 80.0 
Acidic fraction 21.1 177 
Basic fraction 11 0.6 
n-BuOH fraction 53.3 54.0 
Hydrolysate m&c fraction 16.2 17.1 
Hydrolysate water fraction 36.0 354 
Water filtrate 10 5.4 
Acidic water fraction 1.0 0.6 
Combined washes 3.4 1.8 
Combined &stlllates 0.0 00 
Unaccounted 19.2 20.0 

reconstructed TIC contained several other unidentified 
peaks. 

The n-butanol fraction (1.7 x 104 Bq, 14.1 mg) was 
hydrolysed to give an ethyl acetate-soluble acidic fraction 
(5.3 x lo3 Bq, 1.0 mg) which was separated into six zones 
of radioactivity by TLC. Zones l-4 contained low levels of 
radioactivity and were discarded. Fractions 5 and 6 
contained high levels of radioactivity and low mass and 
were derivatized for GC/MS. No GAS were identified in 
fraction 5 either by full mass scans or from SIM profiles. 
Fraction 6 contained several peaks, one of which, at R, 
23.1 min, gave a full mass scan, corresponding to that of 
GAS3 MeTMSi. The mass spectrum contained an ion of 
[M + 8]+ at m/z 456 showing the presence of four 14C- 
atoms. 

Controlfor [‘4C]GA,3 feeds to dwarf-5 tassels 

To check the absence of non-enzymatic conversion of 
GAs3, [17-3H2]GA,3 was injected into three tassels of 
lengths 3.0,4.0 and 4.0 cm. The tassels were immediately 
immersed in liquid nitrogen, then extracted and par- 
titioned as for the feeds. The net feed was 1.6 x lo4 Bq 
(1.9 pg) and the distribution of label was: 69 % acidic 
fraction; 6 % basic fraction; 3 % n-butanol fraction; 0 % 
water filtrate; 1 y0 acidic water and 1 y0 recombined water 
washes. The remaining 21% was unaccounted for. Only 
GAS3 was identified as its MeTMSi derivative in theacidic 
fraction. No GAS were detected in any other fraction. 

Large-scale feed o~[~~C]GA~~ to dwarf-5 

The net feed to 12 tassels was 5.0 x lo6 Bq (10.1 pg). 
The distribution of label in the isolated fractions is shown 
in Table 2. Twenty per cent of the label was unaccounted 
for. 

The acidic fraction (8.8 x 10’ Bq, 21.5 mg) was sep- 
arated into five radioactive fractions by TLC (Table 3). 
Fractions 1 and 2 were not examined further because of 
their high mass. Fractions 3-5 were derivatized and 
analysed by GC/MS. 

Fraction 3 contained many peaks from which recog- 
nizable full mass scans were not obtained. The re- 
constructed TIC trace was therefore examined by mass 
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Table 3. Distribution of radioactivity from the acidic and hydrolysate acidic fractions from TLC of the feeds of 
[‘4CjGA5s to the dwar$S mutant 

Fraction 
No. R, range 

Acidic fraction 

Radioactivity % Net 

(W feed 

Hydrolysate acidic fraction 

Radioactivity % Net 
R, range feed 

Small-scale feed 

1 0.00-0.11 
2 0.36-0.48 
3 0.48-0.59 
4 0.59-0.66 
5 0.66-0.72 
6 0.72-0.79 
Large-wale feed 
1 O.W-O.06 
2 0.22-0.29 
3 0.36-0.46 
4 0.X-0.62 
5 0.69-0.80 

2.4 6.7 x l@ 2.0 0.00-0.13 
<1.6 7.2 x 102 2.2 0.23-0.33 
<2.6 6.3 x 102 1.9 0.33-0.46 
<4.6 1.2 x 1oJ 3.6 0.46-0.60 
<4.6 1.4 x 103 4.2 0.60-0.67 
<1.3 3.5 x lo2 1.1 0.67-0.78 

3.0 1.2 x lo3 2.4 0.00409 co.5 9.2 x 10’ 1.8 
25 8.2 x 10’ 1.6 0.09-0.17 <0.5 6.0 x 10’ 1.2 

co.5 1.3 x 10” 2.6 0.17-0.28 <0.5 6.8 x lo2 1.4 
<0.5 2.3 x lo3 4.6 0.43-0.53 <0.5 5.2 x lo2 1.4 
<0.5 6.3 x 10’ 1.3 0.68-0.78 <0.5 5.8 x 10’ 1 11.6 

- 
- 
- 
- - 

<0.5 6.7 x l@ 
<0.5 3.0 x 10” 

- 
- 
- - 

- 
2.0 
9.1 

fragtnentography. Three ions, characteristic of GA,,,, at 
m/z 434, 238 and 208, were observed at R, 23.7 min. 
Authentic GAlg MeTMSi showed the same ions at the 
same R,. The ion at m/z 434 corresponds to [M - 28]+ 
(CO) and was accompanied by an ion at m/z 436 
indicating the presence of 14C-label. 

Also in fraction 3, three ions characteristic of GAz9 
MeTMSi, at [M]+ 506 and m/z 303 and 208, were 
detected at R, 25.5 min, the R, of authentic GAz9 
MeTMSi. The intensities of these ions were too low to 
detect isotopic “C-ions. However, it might be expected 
that the detected GAZ9 is a metabolite of the fed 
E14WA,~ since GAZ9 was not detected in extracts of 
dwarf-5 tassels. 

The reconstructed TIC trace from fraction 4 contained 
several peaks, two of which were identified as [ 14C]GA53 
and [‘*C]GA, by full mass scans at R, 21.4 and 26.9 min, 
respectively (T’able 4). The mass spectra showed [M + 2]+ 
ions at m/z 450 (2 %) for [14C]GASJ MeTMSi and at m/z 
436 (3 %) for [14C]GL4 MeTMSi. 

In fraction 5, no GAS were identified either by full mass 
scans or SIM. 

The n-butanol fraction (2.7 x 104 Bq, 61.3 mg), on 
hydrolysis, gave an ethyl acetate-soluble fraction (8.3 
x 10’ Bq, 61.3 mg), which was separated into five radioac- 

tive fractions (Table 3). Fractions l-4 contained high 
mass and were not examined further. Fraction 5 was 
derivatized and analysed by GC/MS. A full mass spec- 

Table 4. GC/MS data obtained from the feeds of [14CJGA13 to the dwarf-5 mutant 

Fraction 
TLC Tie of Pesks in mass spectrum 

(fraction) scan (min) m/z values (relative intensity) Assignment 

Small-scale feed 

Acidic 

Acidic 

Hydrolysate acidic 

Large-scale feed 
Acidic 

Acidic 

Hydrolysate acidic 

4 29.6 

5 24.7 

6 23.1 

4 26.9 

4 21.3 

5 18.1 

44O[M+8]+ (9), 432@4]+ (61), 417(12), 373(22), 259(5) C”‘WL 
251(9),238(47),209(42),208(47),207(100),180(14),75(34),73(100) 
456[M+8]+ (I), 448[M]+ (17), 419(7), 416(9), 389(26), c”C]GA53 
251(36), 241 (Zl), 235(26), 209(55), 208(92), 207(100), 193(28), 
181(67), 75 (33). 73 (100) 
456[M+8]+ (30), 448[M]+ (lOO), 419(l), 416(3), 389(25), 1’ ‘ClGAu 
251(9~241(9~235(13),209(~),208(18),207(47),193(12),181(11), 
167(l), 75(26), 73(100) 

436[M+2]+ (3), 432[M]+ (8), 373(3), 259(100), 251 (I), C”ClGAu 
238(15),209(15),208(17),207(38), 180(5), 75(100), 73(100) 
45O[M+2]+ (Z), 448[Mj+ (16). 419(5), 416(5), 389(13), C14‘JlGA,, 
251(29), 241(17), 209(64), 2B(91), 207(100), 193(34), 181(59), 
73 (100) 
45O[M+2]+ (15), 448[M]+ (53),419(l), 416(l), 389(15), C’4WA,a 
251(3),241(1)+235(13),209(28),208(24),207(59), 193(13), 181(16), 
167 (8), 75 (30), 73 (100) 
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trum at R, 18.1 min fitted that of the GAsa MeTMSi and 
showed the presence of 14C-label by an [M + 2]+ ion at 
m/z 450 (15 %). 

Feeds of[l7-“C, 17-3Hz]GAzo to tassels ofnormal,dwarf- 
1 and dwarf-5 

In each case, ten tassels were injected with labelled 
GA2,,. The amount fed and the distribution of radioac- 
tivity following extraction and fractronation are shown in 
Table 5. Only the acidic ethyl acetate fractions were 
investigated further. 

The acidic ethyl acetate fractions obtained from each of 
the three feeds were purified further by reversed-phase 
HPLC [5]. After the adjacent radioactive fractions had 
been combined, the resulting pooled fractions were de- 
rtvatized and analysed by GCjMS [5]. 

(a) Normal tassels. The total feed of [17-“C, 17- 
3HzlGAm was 9.7 x lo4 Bq (7.6 pg) of which 5.0 
x lo4 Bq (51%) was recovered in the acidic ethyl acetate 

fraction. After reversed-phase HPLC, two fractions were 
analysed further by GC/MS. The combined fractions 
eluting from the column from 12-19 min contained 5.1 
x lo3 Bq. This fraction, after derivatization, was shown 

to contain [‘“C]GAZ9 MeTMSi by full scan GC/MS at 
the correct KRI; the combined fractions eluting from the 
column over 19-28 min contained 2.2 x lo4 Bq in which 
unmetabolized [13C]GAzo MeTMSi was identified by 
full scan GC/MS at the correct KRI. In neither case was 
any dilution of the 13C-label observed (Table 6). 

(b) Dwarf-l tassels. The total feed of [17-“C, 17- 
3H~1GAm was 6.35 x 104 Bq (5.0 pg) of which 2.84 
x lo4 Bq (45 %) was recovered in the acidic ethyl acetate 

fraction. Reversed-phase HPLC again gave two combined 
fractions, which were derivatized and analyzed by 
GC/MS. The fraction eluting from the column over 
14-21 mm contained 3.32 x 10’ Bq, in which [13C]GA29, 
together with a trace of [13C]GA20, was identified by full 

scan GC/MS at the correct KRI. The fraction eluting 
from 21-28 min contained 1.14 x lo4 Bq and unmetab- 
olized [l 3C]GA2,,. Again “C-isotope dilution was not 
observed (Table 6). 

(c) Dwarf-5 tassels. The total feed of [17-13C, 17- 
3WGAzo was 5.93 x lo4 Bq (6.7 pg) of which 4.5 
x lo4 Bq (75.8 %) was recovered in the acidic ethyl acetate 

fraction. Following reversed-phase HPLC, the fraction 
eluting from the column over 9-14 min contained 2.24 
x lo3 Bq. This fraction, after derivatization, was shown 

to contain [“C]GAz9 MeTMSi by full scan GC/MS at 
the correct KRI. The fraction eluting over 14-19 min 
contained 1.86 x 10’ Bq; however, no GAS were detected 
in this fraction by GC/MS. The fraction eluting over 
19-24 min contained 1.3 x 104 Bq. This fraction, after 
derivatization, was shown to contain unmetabolized 
[13C]GA,, MeTMSi, by GC/MS (see Table 7). 

The reason for the inconsistency in the HPLC retentton 
times (Table 7) of [“C]GAz,-, and [“C]GAZs in the three 
feeds is not known. 

DISCUSSION 

Gibberellins A,, As and AZ9 have now been identified in 
an extract from tassels of normal maize by full scan mass 
spectra of the MeTMSi derivatives with the same Kovats 
retention indices as those of authentic standards. By the 
same criteria, GA,,, GA,*, GA,,, GAr, and GAto have 
also been identified from tassels of the normal phenotype 
[6]. Thus all eight GAS, from and including GAs3, shown 
in Fig. 2, for the proposed GA pathway in maize [3, 81 
have been finally identified in tassels of normal maize 
(Table 1). 

However, the levels of GAr, GA*, and GA,, in normal 
tassels are very low. Thus the presence of GAz,, in extracts 
of dwarf-l tassels, and the absence of GAr, GAs and GAz9 
(Table l), does not, per se, provide conclusive evidence 
that the dl block is between GAzo and GA1 [3, 81. 

Table 5. Partlhon of label from feeds of [17-l%, 17-3H2]GA,, to tassels of normal, dwarf-1 and dwa%5 

Radioactivity ( 10m4 x Bq) 

plant Residual Neutral 
material Total fed MeGH extract Acidic EtOAc Acidic n-BuOH aqueous baslC 

Normal 9.7 (7.6 fig) 9.03 (93 “/.))* 5.0 (51%) 4.05 (42 “/,) negligible (-) 0.04 (0.6 %) 

Dwarf-1 6.35 (5.0 pg) 5.76 (86%) 2.84 (45 %) 2.41(38 7,) negligible (-) lost 

LWar$s 5.93 (6.7 pg) 5.82 (98 %) 4.5 (75.8 %) 0.99 (16.6 %) 0.32 (5.5 %) lost 

* y0 total fed is gven in parentheses. 

Table 6 Percentage “C in reoovered GAzO and metabolite GAz9 from feeds to normal, dwarf-l 
and dwo$5, and fit factors 

[I%, ‘H-JGA 

GAzo 

GA29 

Normal Fit factor Dwarf- 1 Fit factor Dwarf-5 Fit factor 

‘W 9.0 0.95 “C 10.8 0.96 1% 10.9 0.95 
‘)C 91.0 13C 89.2 13C 89.1 

W 10.5 0.93 ‘W 4.7 0.72 W 10.4 0.95 
13C 89.5 ‘SC 95.3 “C 89.6 
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Table 7. HPLC of acidii ethyl acetate fractions from feeds of [17-l 3C, 17- 
3Hs]GAs,, to tassels of normal, dwtrr/-1 and dwarf-5 

Material 
R, Radioactivity 

(min) (lo-* x Rq) Identified GA 

Normal 

Dwarf-l 

Dwarf-5 

12-19 0.51 
19-28 2.2 
1421 0.33 
21-28 1.14 
9-14 0.22 

14-19 0.19 
19-24 1.3 

C13ClGAm 
C13ClGAm 
[“C]GAss + [r3C]GAs0 (trace) 
C13WAm 
C13WAz~ 

[I 'C]GA,, 

ds 

MVA 
-t 

enl- GA v GA53 
kaurene --aIdehyde - -oldehyde 

Growth t-GA, - GA,e - GA44 - GA53 
(opened 
loctone) 

GA, GA,, GAIT 

Fig. 2. Presumptive early 13-hydroxylation pathway for maim 
[8, 151. 

The failure to detect GAS in extracts of dwarj3 tassels is 
expected from previous evidence that the d5 block is 
between CPP and em-kaurene. However, low levels of 
GAS might not have been detected since only three tassels 
were extracted. 

The identification of [14C]GA,,, from feeds of 
[r4C]GAS3 to tassels of dwarf-5 by capillary GC/MS with 
a full scan spectrum of the MeTMSi derivative at the 
correct R,, and of [14C]GA19 by capillary GC/SIM, 
provides evidence for the two steps after GA,, in the 
proposed pathway shown in Fig. 2. The identification of 
GA,, as a metabolite of [‘*C]GAs3 is less secure since the 
intensity of the [M]+ was too low to allow the detection 
of ‘*C-isotope peaks. It seems likely that the detected 
GArs was a metabolite of [‘*C]GAs3 since no GArs was 
detected in a control experiment. However, the failure to 
detect [14C]GA20 from [14C]GA53 is surprising and 
leaves the issue unresolved. 

In the feeds of [14C]GA,3 to dwarf-5 tassels, an 
appreciable proportion of the substrate was identified in 
the ethyl acetate-soluble acidic fraction of the hydrolysed 
n-butanol fraction. Conjugation of the fed [‘*C]GAs3 
appeared, therefore, to be a major process in dwurj3 
tassels. 

From the feeds of [17-“C, 17-3Hr]GA2, to tassels of 
dwajll, dwarf-5 and normal, the only metabolite identi- 
fied in each case was [“C]GAr9. The “C-content in the 
unmetabolized GAr,,, and in the metabolite, GA,,, was 
the same as that in the fed [“C]GAre within experimen- 
tal error, except for the [‘“C]GA,, identified in tassels of 
dwarf-l. In this case, the ‘“C-content was considerably 

higher than that of the fed [‘~C]GA,, but the spectrum 
was weak and the fit factor was very low. These 13C- 
contents in unmetabolized [“C]GAre and in [13C]GA29 
indicate that there was no detectable dilution of the “C- 
label by endogenous GAre and GAz9. The levels of 
endogeneous GAzo and GAz9 in the tassels must there- 
fore be very much lower than the amount of [ “C]GArO 
which was fed. 

In the [13C]GA2,, feeds, the failure to detect metab- 
olism to [“C]GAr and/or [“C]GAs was unexpected, 
particularly in the case of normal and dwar$5 tassels. 
However, the endogenous levels of GA, and GAs are very 
low in tassels of normal plants. Thus, the conversion of 
exogenous [13C]GAzo to [13C]GA1 may be too low for 
detection. 

In summary, the results presented in this paper provide 
evidence for the conversion of GAS3 to GA.. (open 
lactone) and GAr9; and for GA,, to GAz9, in tassels of 
maize. Direct evidence for the remaining steps in the 
proposed pathway, shown in Fig. 2, for tassels of maize 
must await further experimentation. In the meantime [S], 
from feeds of [17-“C, 17-3H,]GA,0 to seedlings of 
maim, it has been shown that GAzo is metabolized to GA1 
in normal and dwarf-5 seedlings, but not in dwar$l 
seedlings. 

EXPERIMENTAL 

Plant material. Seeds that would segregate 3 normal: 1 dwarf 
were soaked in Hz0 for 24 hr before beiig planted in moist 
vermiculite in aluminium trays. After 7 days, the plants were 
transferred to pots (22 cm x 21 cm) contauung a vermiculite-sorl 
mixture (1: 1) and grown in a greenhouse for 48 days. The tassels 
were removed from the plants by dissection under green light. 
Tassels rangmg m length from 3.0 to 5.5 cm were selected for 
feeding studies. (The internodes of the tassels were non-elongated 
and meiosis had not yet occurred in the young anthers.) 

Radiolabelled substrates. [17-13C, 17-3H,]Gibberellirr AZ0 
(88 % r3C, 1.27 x 10’ Bq/mmol) was synthesized as described by 
Ingram et al. [9]. [‘*C]Gibbe.rellin A,, was prepared by two 
separate procedures. In the first, the incubation of [2-‘*C]MVA 
(78.2 mg; 2.1 x 10’ Bq/mmol) with a cell-free system obtained 
from the endosperm of Cucurbrta maxima L. (S,, 15 ml), as 
described by Graebe et al. [lo], gave [‘*C]GA12-aldehyde (1.03 
x 10’ Bq)and [14C]GA12 (1.17 x 10’ Bq). Amixtureofthelatter 
was incubated with a cell-free system derived from unmature seed 
of Pisum satwum L. (S,, 12 ml), as descrrbed by Ropers et al. [ 1 I], 
to yield [‘*C]GAs, (1.08 mg; 4.44 x 10’ Rq/mmol). Dilution 
with unlabelled GA,, gave a product with sp. act. of 2 5 
x 10’ Rq/mmol. The identity of the sample was confirmed by 
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GC/MS comparison of its MeTMSi derivative with that of 
authentic GA,,. The mass spectrum showed a prominent 
[M + 8]+ Ion (m/z 456). 

In the second preparation, [‘4C]GAlz-aldehyde (23 pg; 1.48 
x lo9 Bq/mmol +2Opg; 4.44 x lo9 Bq/mmol) and [‘4C]GA,, 
(3.96 pgg; 4.44 x lo9 Bq/mmol) were incubated with a cell-free 
system from immature seed of P. sativum [ll]. The recovered 
[14C]GAs3 (13.7 pg; 1.67 x lo9 Bq/mmol) was identified by 
comparison of the MeTMSi derivative with that of authentic 
GA,,. The mass spectrum of this product exhibited a strong 
[M + 2]+ ion (m/z 450). 

[17-3Hz]fibbe.rellin ASJ was isolated from a feed of [17- 
‘“Hz]steviol (7.5 mg; 2.1 x lo9 Bq/mmol) to a resuspension cul- 
ture (100 ml) of GibbereJJafijJkuroi, mutant Bl-41a, as described 
by Bearder et al. [K&13]. 

Feeds of radiolabelled substrates to young tassels. Feeds were 
performed by injecting into the base of each tassel with a soln of 
the radiolabelled substrate in MeOH. After injection, each tassel 
was transferred to a glass vial (2.5 x 10 cm) and incubated in the 
dark at 30” for 24 hr. 

C’4C]Gibberellin Ass was fed to dwar$5 tassels in two separate 
experiments. In a small-scale feed, three tassels (lengths 3.0, 4.0 
and 4.0 cm) were each injected with [‘*C]GAS3 (see Table 2 for 
details). In a large-scale feed, 12 tassels were each injected with 
[‘4C]GA53 (see Table 2 for details). Each tassel was injected with 
the radiolabelled substrate dissolved in MeOH (5 4). 

[17-‘“C, 17-3Hz]Gibberellin Az,, was fed to normal, dwarf-l 
and dwarf-5 tassels. In each case, a total of 10 tassels were injected 
with a soln of the labelled GAZo in MeOH (3pl/tassel) (see 
Table 5 for details). 

Extraction and fractionation of metabolites. After incubation, 
the tassels were removed from the vials, frozen in dry ice, and 
ground to a fine powder with a pestle and mortar. The resultant 
powder was extracted for co 15 hr at 5” with MeOH-Hz0 (4: 1; 
20 ml/tassel). The slurry was filtered and the residue was washed 
with MeOH-Hz0 (4:l; 3 x 1Oml). The combined filtrate and 
washes were evapd under red. pres. at 12” to remove the MeOH. 
The aq. residue was partitioned using a modification of the 
procedure described by Rademacher [14]. 

The aq. residue was adjusted to pH 2.5 (1 MHCI) and 
extracted with EtOAc (4 x l/4 ~01s.). The aq. residue was then 
extracted with n-BuOH (5 x l/5 vols.) and the combined n- 
BuOH extracts were evapd at red. pres. to give the acidic n-BuOH 
fraction. 

The combined EtOAc extracts were re-extracted with 0.1 M PI 
buffer, pH 8.5 (3 x l/2 vols.) and the buffer extracts combined. 
The EtOAc residue was washed with Hz0 (5 x l/20 vols.), the 
washes werediscarded and the EtOAc was evapd at red. pres. to 
give the neutral/basic EtOAc fraction. The combmed buffer 
extracts were adjusted to pH 2.5 (HCl) and extracted with EtOAc 
(4 x l/4 ~01s.). The combined EtOAc extracts were washed with 
Hz0 (pH 2.5; 5 x l/20 ~01s.) and evapd at red. pres. and 19” to 
give the acidic EtOAc fraction. The residual Hz0 phases were 
&carded. 

Enzymatic hydrolysis. The n-BuOH fractions denved from the 
[‘4C]GA53 feeds to dwar$5 tassels were dissolved in 0.1 M Pi 
buffer, pH 4.5 (3.0 ml). Culhdase (type 1, practical grade, Sigma) 
was added (5.2 mg/mg sample). The mixture was readjusted to 
pH 4.5 and incubated at 35” for 24 hr. A hydrolysate acidic 
EtOAc fraction was obtained as described above. 

TLC and GC/RC. The acidic EtOAc and the hydrolysate acidic 
EtOAc fractions obtained from the feeds of [14CJGAs3 to dwm$ 
5 tassels were purified on silica gel 6OG in the solvent system 
CHC13-EtOAc-HOAc (40:60: 1). Radioactive regions were de- 
tected by a TLC radioscanner and eluted. Prior to GC/RC, the 
eluted products were methylated with ethereal CHzN,. Samples 

were injected (300”) onto a column packed with Anakrom 
(l@&llO mesh) coated with 3% OV-210. The column was 
maintained at 170” for 1 min, then programmed at Y/min to 
265”. The Ar flow rate was 67 ml/min and the column effluent was 
split 10: 1 (10 parts to radiocounter, 1 part to FID at 270”). The 
radioactivity monitoring conditions (Analytical Biochemistry 
Labs. Series 7357 radiocounter) were: detector tube plateau 
voltage, 1850 V, Ar flow rate, 60 ml/mm; Hz flow rate, 2 ml/min; 
quench gas flow rate, 6.2 ml/mitt. The sensitivity was 300 cpm full 
scale de&&on. 

Reversed-phase HPLC. The actdlc EtOAc fractions obtained 
from feeds of [17-13C, 17-‘Hz]GAzO to normal, dwar$5 and 
dwarf-1 tassels were dissolved in MeOH-Hz0 (1: 1; 2 ml) and 
passed through a Sep-Pak C, s cartridge. The cartridge was eluted 
with MeOH-Hz0 (1: 1; 5 ml). The combined eluates for each 
feed were dried, redissolved in MeOH-Hz0 (1:9; 2 ml) and 
purified by reversed-phase HPLC on a @ondapak C1s column 
(7.8 x 300 mm) as described by Spray et al. [S]. 

Radioactive monitoring. At all stages of the extraction, fraction- 
ation and purification procedures, liquid scintillation countmg 
was used to determine the radioactivity of each fraction. 

GC/MS. (1) C’4C]Gibberellin As3 feeds to dwa$5 tassels. 
Samples were methylated with ethereal CHzNz and trimethyl- 
silylated Hrlth BSTFA (90”, 30 min) and analysed usmg a Finnigan 
4015 GC/MS data system. Samples from the small-scale feed 
were injected (2aoO) into a fused SiOz cepiuary column (3 % OV- 
1) by the Grob splitless method. The column was maintained at 
50” for 1 min, then programmed at 15”/min to 200” and at 4”/mm 
to 260”. The He flow rate was 2 ml/min and the column efRuent 
was led directly into the source (250”). The electron energy was 
70 eV, the emission current 0.21 mA. Scanning was wormed 
from 200”. 

For the large-scale feeds, a 3 % OV-101 packed column was 
used as described above, except that the temp. programme was 
from 190” to 260” at 4”Jmin. The source temp. was 290” and 
scanning was begun at 190”. 

(2) [17-“C, 17-3Hz]Gibberellin Aze f&s to normal, dwarf-5 
and dwu$l tassels. The experimental details were as described by 
Spray et al. [S]. 

(3) Re-examination of the hormones native to young normal 
tassels. The GC/MS details were as d&bed by Spray et al. [S]. 
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