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Abstract-- Gibbercllin A, A-[17-3H] applied to seedlings of dark grown dwarf pea (Pisum .scltirum L. cv. Meteor) 
was converted to GA,, GA,, GA,,, GA,,, GA,, and GA,,. The sequence of interconversion of GA,,+ 
GA,, ----t GA,, ---f GA,, + GA, + GA, is indicated. Identifications were made by gas-liquid radiochromato- 
graphy using three liquid stationary phases. 

INTRODUCTION 

EXTRACTION of gibberellins (GAS) from seedlings of dwarf pea (Pisunz sativur~x L.) gives two 
main fractions containing GA-like activity, one chromatographically similar to GA, (1) 
and the other similar to GA, (4) or GA,, (2). 1,2’ Using TLC-bioassay, zones other than 
those of GA, or GA,/GA,, have been indicated to have GA-like activity.3,4 The only GA 
from dwarf pea that has been characterized is GA,, (2), isolated from pods5 and identified 
in fruit.6 The metabolism of GA,-[3H]7’8 and GA5-C3H19 in seedlings of dwarf pea, cv. 
Progress No. 9, has been investigated. GA,-C3H] was converted to a biologically active 
compound of lower R, on TLC, whilst GA,-C3H] was converted to a biologically active 
compound chromatographically similar to GA,. In seedlings of dwarf pea cv. Meteor, 

GA,-C3H] was converted to GA, (5) and an unknown compound chromatographically 
similar to GA,.” 

GA 1 4 (6) has been shown’ ’ to be a precursor of GA3 (5) in the fungus Gihbrrdafuji- 
kuroi, although GA,,-aldehyde (7) gives improved incorporations to GA,.” Although 

dwarf pea only gives a small response to applied GA,,, I3 it is of interest to determine 
whether this GA is also a precursor of gibberellins in this species. In this paper we report 
the conversion of gibberellin A14-[17-3H] (hereafter abbreviated to GA14-C3H]) to other 
GAS in seedlings of dwarf pea cv. Meteor. 
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Me Me 

(1) R,=H; R;!=OH (4) 

(2) R,=H; RZ=H. 
(3) R, = OH;Ri!: OH 

HO HO 

Me 

(5) (6) R,=Me;R;?=C02H; Rs=H 

( 7 ) R, = Me; R2= CHO; R3 = H 
( 8) RI= Me; Rz=COPH; R3= OH 
( 9 ) R, = CHO; Rn=CO,H ; R3 = OH 
(10) R, = CO,H;Rp=COaH; R3 = OH 
( 11 1 R, = CHO; R2=COZH; R3 = H 

CHz ( 12 ) R, = C02H; Rn’COZH ; R3 = H 

Me 

(13) R,= H,H; R,=OH 
(14) R,=O; Rz=H 
(15) R,=O; R,=OH 

RESULTS 

GA,,-C3H] (70.1 ,&i in each of two experiments) was applied to dark grown dwarf pea^ 
plants. After 20 hr the treated plants did not show significant increase in growth over con- 
trols, whereas at 40 hr the treated plants showed a significant internode elongation re- 
sponse (see Experimental). The shoots were harvested at 20 and 40 hr. and for each harvest 
three extracts were obtained. a neutral ether extract (30 hr: 0.26 x IO” dpm; 40 hr: 
0.69 x 1Oh dpm). an acidic. ethyl acetate extract (30 hr: 36.6 x 10” dpm: 40 hr: 26.1 x 10” 
dpm) and an acidic butanol cxtrnct (30 hr: 4-6 x IO” dpm; 40 hr: 5.2 x 10” dpm). The 
acidic ethyl acetate extracts were partially purified by silica-gel partition chromato- 
graphy’ 4.! 5 and the eiuted fractions were combined (Table 1) according to counts obtained 
from direct liquid scintillation spectrometry. The trimethylsilyl cthcr derivatives of .the 
methyl esters (TMSMe derivatives) of the combined fractions were examined bq gas-liquid 
radiochromatography (GLRC) using three column licluid phases. 2”,, QFI, 2”,, SE30 and 
17; XE60 and the retention times of the radioactive peaks compared to those of standards. 
The results are summarized in Table 1 .-From the 20-hr experiment. tiactions 3 -6 contained 
GA,, (6), fractions 7-l 1 contained a residual amount of GA,:. fractions 17 19 contained 
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GA, s16 (8) and GA3s1’ (13) and fractions 19-21 contained GA,,” (9). Fractions 23-24 
contained trace quantities of GA, (3) and GA,,‘” (10). From the 40-hr experiment, frac- 
tions 3-6 contained GA,, (6), fractions 7-l 1 contained a small quantity of residual GA,,, 

fractions 14-16 contained GA, (l), fractions 17-19 contained GA,, (8) and GA,, (3), frac- 
tions 20-22 contained GA,, (9) and fractions 23-24 contained GA, (3) and GA,, (10). 
The presence of GA, (1) could not be confirmed in the 20 hr extract. No radioactive peaks 
other than those assigned were observed. The percentage conversions from applied GA,,- 
C3H] were estimated from the radiochromatograms and are given in Table 1. 

TABLE 1. GLRC RETENTION TI~MES OF TMSMe DERIVATIVES OF SILICA-IX_ PARAGON COLUMN FRACTION% WITH 

COMPARISON STANDARDS 

Silica-gel 
partition 

column fractions 

Retention time (min) on 3 columns 
2:‘; QFl 27, SE30 1 y/o XE60 

(206’) (203 “) (209’) Identity 

y0 incorporation 
from GA,4-[3H]* 

20 hr 40 hr 

3-6 
7-11 

14-16 
17-19 

2G-22 
23-25 

4.4 8.4 6.1 A 14 
4.6 8.4 6.1 A 14 

14.1 15.3 15.3 A, 0.57 
6.3 13.8 7.3 A 18 4.8 1.74 

4@0 33.4 54.4 A 38 1.43 0.80 
11.4 18.8 14.X A 23 0.36 0.96 

7.1 17.7 9.6 A 28 0.0 1 0.14 
17.5 25.7 17.5 A, 0.02 0.50 

Standard GAS 

A, 14.0 15.3 15.3 

A, 16.4 16.8 18.5 

A, 17.4 25.5 17.5 
A 14 4.4 8.5 6.2 
A 1s 6.2 13.8 7.4 
A 23 11.4 19.1 14.9 
A 28 7.0 17.9 9.6 
A 36 8.4 12.2 12.4 
A 38 40.0 33.2 54.1 

* Calculated on precursor utilized (GA,,-C3H] applied GA ,4-[3H] washed from plant prior to extraction). 

In the 20 hr experiment GA, s (8) was formed in highest yield (indicating a direct conver- 
sion from GA,,), followed by GA,, (13), then GA,, (9). The other GAS were only formed 
in trace quantities. In the 40 hr experiment the amounts of GA,, (8) and GA,, (13) had 
decreased, whereas the yield of GA,, (9) had increased moderately. GA, (1) was now pre- 
sent, and the yields of GA, (3) and GA,, (10) were considerably increased. In conjunction 
with the structural relationship between the GAS, these data indicate that applied GA,, 
is most probably metabolized in dwarf pea seedlings in the sequence GA,, (6) -+ GA,, 
(8) --+ GA,, (13) -+ GA,, (9) -+ A, (1) -+ GA, (3). Intermediate steps may occur, but are 
not indicated. 

The conversion of C,,-GAS to C,,-GAS in a higher plant has thus been confirmed. It 
has been suggested20,21 that this could occur via a Baeyer-Villiger type oxidation of a C- 

” KOSHIMIZU, K. FUKUI, H., KUSAKI, T.. OC;AWA, Y. and MITSUI, T. (1968) Ayri. Bid. Chem. 32, 1135. 
” HIRAGA K., Y;)KOTA, T., MUROFUSHI, N. and TAKAHASHI, N. (1972) Aqi. Bid. Chem. 36,345. 
I8 FUKUI, h., ISHII. H., KOSHIMIZU, K., KATSUMI, M., OGAWA, Y. and MITSUI, 1‘. (1972) Ayri. Bid. Chem. 36, 

1003. 
‘9 FL’KUI, H., KOSHI.WZU, K. and MITSW, T. (1971) Phytochrmistry 10, 617. 
lo DURLEY. R. C. (1968) Ph.D. Thesis, Bristol. 
I1 HANSON, J. R. and WHITE. A. F. (1969) J. ChenI. Sot. C, 981. 



550 R. (‘. Dtxt.fY. 1. D. RAII.TOY ~md R. P. PHAKIS 

20 carbonyl function. In the fungus Gihhe,rllaJlriiliu~oi the C-20 aldehyde. GA,, (I 1). rnaJ 
be a direct precursor of C,,-GAs2” In the same species GA,, (12) is not a precursor of 
GA, (5), GA, or GA, .’ ‘.” but GA,, anhydride (14) gives low incorporations into these 
GAs.~~ Comparing this with the present work, GA,, (9) or GA,, anhydride (15) could 
be the direct precursors of GA,’ (I), and GA,, (10) would appear to be less likely as a 
precursor. Furthermore. the conversion of GA,, to GA?, was lower than those of the 
other GAS and this may indicate that GA,, is not a precursor of GA,. but rather a side 
product from GAZ3. 

The above biosynthetic sequence is supported by the reported biological activities of 
GA,,. GAZj, GA,, and GA,,.‘” Results from six hioassays indicated that the degree of 
biological activity is related to the oxidation of carbon atom 20. * ’ Oxidation of the methyl 

group of GA,, (8) to hydroxy-methyl (GA,,, 13) or formyl (GA,,, 9) increased the biologi- 

cal activity. but further oxidation to the carboxyl (GA2s_ 10) eliminated the activit!. Hence. 

if the activity of the C,,,-GAS is related to their ease of conversion in the higher plant to 
C,,-GAS. then GA,, (8). GA,, (13) and GA,, (9) would bc the precursors of GAS such 
as GA, (I), whereas GA,, (10) would bc a sideproduct of this pathway. Ho~~cver. other 
interpretations of the inactivity of GAz8 could bc given.” It is noteworthy that dwarf pea 

gave little or no response to applied GA,,-[“HI during the first 20 hr, whereas after 40 
hr a statistically significant internode elongation response was obscrvcd. During the first 
time period there was no detectable conversion to GA, (1) and a small conversion to GA, 
(3) whereas during the second time period conversion to these C, ,-GAS was considerably 
increased. 

The ease of conversion of GA,, to other GAS in dwarf pea cl. Meteor may indicate 

that this GA or a similar compound is a natural precursor of GAS in this plant. GA,,. 
GA13 and GA,, have been identified as endogenous constituents of seeds of yellow lupin 
(Lupinus Illtc’us),16.18.1q and GA,, and GA1, characterized from seeds of another legu- 

minous plant. W’ist~i~~ ,flotd~untkc.“S In the light of the present results, such gibberellins 
may also be native to dwarf pea seedlings and the biosynthetic sequence reported herein 
may be common to leguminous plants. 

EXPERIMEYTAL 

GLRC. Preparation of TMSMe derivstivrs”’ and GLRC conditions”’ acre the s;tme :IS thox pl-cviously dc- 
scribed. 

Prq~urcuior~ of’ GA,&If]. Usmg Mel-[ “H] the method of C‘ros\ e’f (il.’ ’ \\as cmployxi 10 ,wqxire GA,,- 

[17-3H] from lh-oxo-l7-nor-gibbercllin A, &. The product wits crystallixd 3x from acrtonc Et,0 to g~vc 
GA,,-[17-3H] (sp. act. 61 mCj, mM). The product chromatoyraphed as one spot on TLC 4s the &th!l ester 
on GLC‘and the TMSMc dcrivatlve on GLRC‘. it cbrornatonranhcd ;IS II sinelc neak. 
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dpm. Extraction after 40 hr: MeOH wash of shoots, 68.6 x 10’ dpm (representing 44.37, of the applied radioac- 
tivity); Et,O, 0.69 x lo6 dpm; EtOAc, 26.1 x IO6 dpm; n-BuOH, 5.2 x lo6 dpm; and residual buffer soln. 
0,093 x lo6 dpm. All radioactivity in MeOH washings of the shoots resided in GA,,-C3H]. The residue from 
the EtOAc solns was chromatographed on a silica-gel partition column. “.15 25 fractions were collected and these 

were combined according to counts obtained by direct liquid scintillation spectrometry as follows: fractions 336, 
7-11, 14-15, 17~19,2&22,23-24. Derivatives were prepared and examined by GLRC. 
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