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Abstract-Tritium labelled gibberellin A,, ([3H]-GA20) applied to etiolated shoots and germinating seeds 
of dwarf pea (Pisum .sativum L. cv. Meteor) was converted to gibberellin A,,. Identifications were made by 
GLRC and GC-MS. 

INTRODUCTION 

SHOOTS of dwarf pea seedlings have been shown to contain two main gibberellin-like (GA- 
like) substances.‘s2 One of these has similar chromatographic properties to those of GA, 
and/or its dihydro derivative GA,,, and the other, chromatographic properties similar to 
those of GA3 and/or its dihydro derivative GA,. More recently Jones3 detected the pres- 
ence of 2 additional GA-like substances in shoots of a tall variety of pea. Recent work4,’ 
has shown the presence of at least 6 GA-like substances in shoots of light grown, tall 
“Alaska” pea seedlings and in chloroplasts isolated from the same variety. At the present 
time GA,, (1) is the only gibberellin characterized from peas, identified in both pod6 and 
seed’ of tall cultivars. 

(1) GA20 (2) GA2g (3) GA, 

Extracts of etiolated dwarf pea seedlings var. “Meteor” contained 4 main zones of GA- 
like activity when extracts were separated by TLC.8 Two zones had similar chroma- 
tographic properties to those of GA,/GA3 and GA,/GA20. whilst the third zone was simi- 
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lar to GA,. C3H]-GA, applied to etiolated shoots of dwarf pea var. Mctoor was converted 

into GA20.9 [3H]-GA20 has therefore been synthesized in an effort to follow the metabo- 
lism of this compound in etiolated dwarf pea seedlings and in germinating seeds. 

RESULTS 

Twenty hours following application of C3H]-GA,,, etiolated shoots of dwarf pea (see 

Experimental) were extracted and fractionated by partition. Three fractions were obtained, 
a neutral ether fraction (1.6 x 10” dpm), an acidic ethyl acetate fraction (131 x 10’ dpm) 
and an acidic butanol fraction (1.93 x 10” dpm). The acidic ethyl acetate fraction was separ- 
ated by TLC on silica gel H in EtOAc~CHCl,--HCO,H (50: 50: 1). Two zones of radioacti- 
vity(R,f 0~1~0~2: R, 0.5-0.7)were eluted with water saturated-ethyl acetate. reduced to dry- 
ness, derivatized and examined as the trimethylsilylcthers ofthc methyl esters (TMSMc dcrl- 

vatives) by gas liquid radiochromatography (GLRC) on three liquid stationary phases. 7”(, 
QFl. 2”;, SE30 and I”<, XE60. The results are summarized in Table 1. 

Silica gel partition 
column fr:ictions 

TLC 7ones (R,) 

0.1 0.2 
0.5 -0.7 

Standard GAS 

A, 
A‘! 
A 20 
A 29 

13.5 16~9 154 8.2 
9.1 X.6 I I.9 7-i.R 

In a similar experiment mature seeds of dwarf pea were imbibed in an aqueous solution 
of [3H]-GA,, and extracted 45 hr later following radicle emergence. Three fractions were 

again obtained; a neutral ether fraction (0.79 x 10h dpm) an acidic ethyl acetate fraction 
(121 x 10h dpm) and an acidic butanol fraction (2.X x 10” dpm). The acidic ethyl acetate 
fraction was purified on a PVP column and then chromatographed on a silica gel partition 
column. Two main zones of radioactivity in fractions 4 8 and 17~~19. detected by direct 
scintillation counting, were each reduced to dryness, converted to their TMSMe deriva- 
tives and examined by GLRC. The results are summarized in Table 1. 

TLC zone (R, 0.5--0.7). from extracts of shoots, separated into one radioactive com- 
ponent on GLRC, with identical retention times to those of the TMSMe derivative of 
GA,,. The other zone (R, 0.1~-0.2), was also composed of a single radioactive compound 
with identical retention times on GLRC’ to those of the TMSMe derivative of GA,, (2). 
Silica gel column fractions 4 8 from extracts of mature seeds. contained a single radioac- 
tive compound with identical retention times on GLRC to those of the TMSMe derivative 
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of GA,,. Fractions 17-19 also contained a single radioactive compound with identical 
retention times on GLRC to those of TMSMe GAZ9. The percentage conversion of GAzo 
to GA,, was 3.804 in shoots and 34.0% in seeds. 

Unequivocal identification of GA,, as the major metabolite of C3H]-GA2,, in etiolated 
shoots, was obtained by GC-MS. Two mg of GA,, and 10.6 ,&i C3H]-GA,, were applied 
to 200 dwarf pea seedlings and these were extracted, fractionated and purified as described 
in the Experimental. Direct scintillation counting of fractions from a silica gel partition 
column revealed a single radioactive zone associated with fractions 14-17. These fractions 
were pooled, derivatized and examined by GC-MS. A compound was obtained with an 
identical mass spectrum to that of authentic TMSMe GA,,. 

The fact that GAzo is an endogenous GA in pods and seeds of tall pea6,? and that a 
compound with identical chromatographic properties to those of GAZO occurs in both 
dwarf “MeteoY8 and tall “Alaska” seedlings,Ps5 suggests that GA,, is native to seedlings 
and seeds of dwarf pea. GAzo was converted into a single metabolite, GA,,. GA,, and 
not GA, (2)” is therefore the major metabolite of GA,,, in dwarf pea. GAZ9 has similar 
chromatographic properties to those of the other major gibberellin-like substance in peas, 
identified on circumstantial evidence, as GA, .l GA19 and not GA, may therefore be endo- 
genous to dwarf pea.* 

Both GA,, and GA,, have been characterized from immature seeds of Japanese morn- 
ing glory, Phurbitis nil’ ’ ,I2 and GA,, could therefore be the immediate precursor of GA,, 
in this plant, as in dwarf pea. Interestingly, GA29 was isolated from seeds of P. nil as its 
2- 0-P-D-glucopyranosyl ether’ 2 and the presence of high levels of radioactivity in butanol 
fractions from seeds and seedlings of dwarf pea suggests that GAZ, may be readily con- 
verted into its glucoside in this species. 

EXPERIMENTAL 

GLRC. Sample preparation and analysis were as described previously.‘0,13”4 
GC-MS. This was performed using a Varian 1200 GLC connected by a double stage Biemann-Watson type 

molecular separator to a Varian Mat CH5 mass spectrometer. The 1.83 m x 2 mm id. GLC column contained 
2?/, QFI on gaschrom Q (80-100 mesh) at a temp. of 198’ with He carrier gas Rowing at 18 ml/min. 

Pwpurtrtrorr of [3H]-GA,,,. This was prepared by a novel method devised by N. Murofushi and will be de- 
scribed in detail elsewhere (Murofushi, Durley and Pharis, in preparation). 

Apphation fo dwurf peu und extracfion. (a) Shoots. Dwarf peas were grown in darkness for 5 days at 25”. [“HI- 
GAzo (100 PCi, 6.3 pg) was applied in 5 ~1 droplets of 95% EtOH to the plumular hook of each of 30 seedlings 
(ccl. 02 pg per plant). After 20 hr the shoots were separated from the seeds, surface washed in absolute MeOH 
and ground in a prechilled mortar with acid washed sand and ice-cold 80”/, MeOH. After removing the MeOH 
in cx~cuo at 35’. the aqueous phase was adjusted to pH 9.0 by the addition of an equal vol. of 0.5 M phosphate 
buffer (pH 9.0) and partitioned 6 x against equal volumes of Et>O. The aqueous phase was then adjusted to pH 
3.0 with 1 N HCI and partltioned 6 x against EtOAc and then 4 x against II-BuOH. The radioactivity (liquid 
scintillation) present in each fraction was as follows: Et20, 1.6 x lo6 dpm; EtOAc, 131 x 10h dpm; n-BuOH, 
1.93 x IO6 dpm:rcsidual buffer,0.06 x 10h dpm. The EtOAc fraction was reduced in n~c‘uo and chromatographed 
on TLC (Silica gel H) using EtOAc-CHCI, ~HCOOH (5O:SO: I). The TLC plate was divided into 10 equal strips 
and radioactivity eluted from each strip with H,O saturated_EtOAc. After reducing each fraction to dryness 
in uacuo they were derivatized and examined by GLRC. (b) Seeds. Dry, mature seeds of dwarf pea (ca. 50 seeds) 
were imbibed in dist. Hz0 (20 ml) containing 98 LlCi (6.1 I’g) [3H]-GA2, under continuous illumination at 25’. 

*Added in proof: GAzo and GA,, have roccntly been charactcrircd in seeds of dwarf pea CC. Progress 
No. 9: FK~IIMAU. V. M. and MACMILL.AI;. J. (1973) P/UU~LI 115, I I. 
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O~W all water had been taken up. It was ~rcplaccd with frrcqh wln and wxi~ left iol- a toL;iI of 45 hr unttl radlclc 
cmergencc. Seeds Mcrc ground in a mol-tar and c4tracted as dcscl-lhcd 101. bhouts. The radioacti\it~ (I~yuid 
scintillation) associated with each frxtlon ~3s ~5 follows: Et,O. 11.79 x 10” dpm: FtOr2c. 121 x 10” dpm: II- 
BuOH. 2-X x IO” dpm; residual butlii~-. 041 3 x IO” dpm. The f:tO.Ac ftraction from seeds \\a> reduced II! ~w~~o and 

the residue taken up in a minimum vol. of 0.1 M phosphate hui%r (pH X4] and pn~-itial on ‘L column of pal>-.‘l‘- 
vin?lpqrrolidone (PVP).’ ’ After rc-extracting the elIluent from the PVP column \\lth I’tOAc ;I! pH 1.0. [he r-esi- 
due from the FtOAc fraction !\a5 chl-olnato~rnpllc~i on a II~IC;I gel p;~rtltwn colum~~.‘~’ ’ Frai‘ti~ln\ fr<jrn the 
silica gel column were pooled according to counts ohtaincd b> chrect scintillation yxctromctr~. anti wcrc raiucai 
to dqness i/f LCICWI and derivatized for GLR<‘. 

S’LIIU~IC pwprwution fbr (YC‘ -.WS. 3 mg GA Lo and 10% guc‘i [IH]-GAI,, I\CTC‘ applxd to :i total of 700 e:linlated 
seedlings of dwrf pea. 20 hr follo\ving GA,,, application. the shooti &crc extracted as dcscrihcti abo\c. The 
EtOAc fraction pas purified on a column of PVP and then on ‘TLC‘ usmg FtOAc- C‘HC‘I, HC‘OOH (50:50: I I. 
A single zone of radioactivit) (K, 0.1 0.7) was cluted with Hz0 saturated EtOAc and rCchron~ato~r~iphcti on 
a silica gel partition column Fraction< 14 I7 wcrc pooled and cxamincd hy Gi‘ hlS. 

.~[,k,1o~l~~/~e1)1e,1t.s- I.D.R. was supported bq a NATO-Science Research Council (London. II.K.) post doctwal 
fellowship. The work was also supported by grants from the National Research C‘ouncil of C~lnada (A-385) to 
R.P.P. and a NATO Research Grant to J.MacM. and R.P.P. We v,ish to thank Dr. N. Taknhashi. Dcpal-tmcnt 

of Agricultural Chcmlstr!. I ‘niver\it! of Toh\io. for wppl! in? an ;tuU~ent~c ~mplc of G 1.,. 

” GLEN\. J. L.. Kw. c‘. C‘.. D~IKLF~, R. c‘. and PHAKIS. K. P. (1972) ~‘/~~.I~~,/I~,,III,~~I, II, 345. 
I(’ Pow~r.~. L. E. and TAL T\'YI)AS. K. J. (1967) ,‘L’~/twc, Lwrrl. 213, 292. 
I’ Dr KZI Y. R. c‘.. ~ROLlt K. A.. PflAKIS. R. P. and Mc LAL <;,,,.,1\. C;. E. (1971) ~ilr,roi,ll~,,,i,\,~~, II. X)29 


