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Abstract-Reaction of glbberellm A3 (GA,) with carrier-free tritmm gas and 5% palladium on calcium carbonate 
as catalyst gave a complex mixture of products, several of which were isolated and identified Three of the purified 
products are the radioactive forms of naturally occurring gibberelhns c3H]GA, (I), C3H]GAl (2) and C3H]tetra- 
hydro GA3 (4) Another substance was isolated and tentatively identified as [‘H]16,17-dihydro GA3 (3) GLC 
was used to determine the specific activities of 1 and 2 PK]GA, likely arlses from palfadmm catalyzed nonspecl- 
fit exchange of GA, alkane hydrogen atoms with trltmm C3H]GA, IS also exchange labeled but most of its 
radloactlnty is due to trltmm addition to the C--I,2 ofefimc bond of GA, 

INTRODUCTION 

EXTENSIVE investigations have shown that catalytic hydrogenation of GA, results in the 
formation of a mixture of products. 1,2 Some workers have attempted to optimize the reac- 
tlonconditions for selective reduction Qf GA3 to GA1.3,4 We previously reported5 the puri- 
fication of C3H]GA, which had been prepared by the selective reduction procedures of 
Jones and McCloskey.3 Subsequently, to obtain C3H]GA, of higher specific activity 
(sp. act.) for studies of gibberellin metabolism we used the more recently published modlfi- 
cation of Pitel and Vmmg.4 We found that the resulting product mixture contained com- 
pounds which had not been detected previously,‘-5 and which were not separable by our 
reported methods. We therefore set out to find a new purification scheme and to identify 
the unknown products. 

RESULTS 

The reduction of GA3 with tritium gas was carried out by procedures similar to those 
reported 4 (Scheme 1). The conditions of this procedure are supposed to optimize the pro- 
duction of C3H]GA 1 and to minimize the formation of side products such as dibasic acids 
resulting from hydrogenolysls of the lactone ring, and “over-reduced” products resulting 
from lack of selectivity of tritium addition. Our results show that even under these condi- 
tions 26% of the radioactivity in the mixture IS in dibasic acids (Fig. 1, zone C). Of the 

’ MULHOLLAND, T P C (1963) J Chem Sot, 2606 
* ALDRIDGE, D C , GROVE, J F , MCCLOSKEY, P. and KLYNE, W (1963) J Chem Sot ,2569 
3 JONES, D F and MCCLOSKEY, P (1963) J Appl Chem. 13,324 
4 PITEL, D W and VINING, L C (1970) Can J Blochem 48,259 
’ NADEAU, R and RAPPAPORT, L (1972) Phytochemzstry 11, 1611 
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total radloactlvlty III monobasic acids (zone B), lo”, IS m over-reduced products (compare 

zones D and E). Moreover, to our surprise, large amounts of [“H]GA, were formed. This 
compound had not previously been reported as a product m this rcactlon The purlficatlon 
scheme and the results obtamed are summarxed m Table I and Fig. I. The scheme consists 
of three TLC operations: step 1, separation of monobasic acids (zone B) from dibaslc acids 
(zone C) and other unknown radioactive compounds (zone A); srrp 2. separation of C- 

16.17 nonreduced compounds (1 and 2, zone D) from C- 16, I7 reduced compounds (3 and 
4. zone E); sfrp 3. separation of C-1,2 nonreduced compounds from C-l,? reduced com- 
pounds (I from 2 and 3 from 4) TLC condltlons for these steps arc summartzcd m Table 

+ Q* 
Pd/CaCOa 110 mql 

3 3 CI crude product 
0 I rnnwk THF (3ml) 

Pyrldme (0 15i-“l) 

35 mg 
0 1 mmole 

GAS 

(3) L3H] l&17-dlhydro GA, I4 i :‘I+] tetrohydro GA3 

TAtsLF I RALXIM TM COMPOSITION OF THE CRUDI IWOI)I c T FROM 

CAIAL?TI(‘ RLDCC~IOh OF GA, WIIX TRITK X1 
-__- 

(CPM m component);(CPM m mlxturc) x 100 

Component 0 0 
___.__ --- 

1 94 
2 37 
3 I5 

4 7 6 

Dlbaslc acldr, 26 
Other 32 

Percentages are based on the relatwc amounts 01 radlonctlvlt) 
recovered an each rtep Actual recoveries equalled dpproa il”,, of the 
amounts shown m tlus table because m each of the three steps of the 
pUIIfi~dtlOll, the recovered r,ldlo,ictwt) was dpprox 70”,, 01 the 
apphed radmnctlv~t~ 

Compounds 1. 2 and 4 were ldentlfied by GLC comparison of their Me and MeSl derl- 
vatlves with derlvatlzed reference compounds, using SE-30 and QF-1 (Table 3). A special 

GLC technique was used because the compounds of this stud! have very high sp act 
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and it would have been wasteful and impractical to routinely Inject onto the GLC columns 
large enough amounts to detect mass (although this was done in determinations of sp. act., 
see below). Instead, the radioactive test sample was mixed with an appropriate amount 
of non-radioactive reference gtbberellm and the mixture was derivatized. Usmg a gas chro- 
matograph equipped with an effluent splitter, half of the effluent was diverted to a flame 

TABLE 2 TLC MOBILITIES, OF THE RADIOACTIVE COMPOUNDS ENCOUNTERED IN THIS STUDY 

RGA,, TLC System* 
Compound a b c d 

I 
II 
III 
IV 
V 
VI 
VII 
VIII 

09 10 08 09 
10 10 10 10 
09 21 08 09 
10 21 10 09 
2 6t - 18 
15 - 11 
23 - 15 
2 6t - 16 

* System a (Used m step 1) Stationary phase, ChromAR, solvent, benzene-HOAc (4 l), 75 mm contmuous de- 
velopment In this system GA, migrated 7 cm from the orlgm. 

System b (Used m step 2). Stationary phase, AgN03-ChromAR (see Experimental), solvent as m a; 85 mm 
contmuous development m which GA1 migrated 4.2 cm 

System c (Used m step 3) Stationary phase, kleselguhr G, solvent, CCL-HOAc-H,O (8 3 5) The aqueous 
phase was used for equlhbratmg the plates for 4 hr The orgamc phase was supplemented wnh EtOAc to 33% 
and plates were run for 1 5 hr. GA, migrated 9 7 cm 

System d Stationary phase, ChrotnAR; solvent, Et,O-C,H,-HOAc (135.65 10) During 15 mm of develop- 
ment the front migrated 15.2 cm and GA, 7 4 cm 

t Radloactlvlty ran to top edge of strip. 

Step I 

Step 2 
AgNO,- ChromAl 

System b 

Length, cm 

step 341 

tep 3b 

0 5 IO 15 

Length, cm 

FIG 1 RADIOCHROMATOGRAM TRACES RESULTING FROM THE THREE TLC STEPS OF THE PURIFICATION The 
numbers near peaks Indicate the relative quantities of radloactlvny recovered from the zones m each 

step 
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ionization detector and the other half to an exit port for collection and subsequent analysis 
by scintillation counting. By collecting fractions at 05 min intervals and plotting the scin- 
tillation count data on top of the trace obtained from the flame ionization signal, we could 
determine whether the radioactive substance corresponded to the “cold” reference gibber- 
ellm. For example, GA, was combined with radioactivity from zone F (Fig. 2) and this 
mixture was derivatized (MrSi) and injected onto 3% QF- 1 (see Fig 2) The results showed 
a close correspondence between the traces for radloactlvlty and mass. It should be noted 
that two peaks were obtained for both the radioactivity and mass traces, a recurrent obser- 
vation for this GA, derivative Freshly prepared samples of GA&es) tended to have more 
of the 7.2 min peak than did samples which had stood for extended periods of time; m 
all samples, the 9 3 min peak was the dominant one When the 9.3 mm peak was collected 
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FIG 2 GLC COMPARISON OF AUTHENTIC GA, WITH [3H]GA3 PRODCCED IN THF 3H,IPd RFACTIO'U 

(Details m text ) 

and re-injected a new peak, distinct from either of the previously observed peaks, was 
observed at 7.7 min (data not shown). Several GA3 samples from different sources gave 
the same results. Thus GA&e% appears to be unstable under the GLC condltlons we 
used. The quahtatlve method described above was also used to identify the compounds 
m fractions 2 and 4. In addltlon, acid hydrolysis of 1 and 2 gave products whose derivatives 
had GLC properties correspondmg to the derlvatlzed acid-hydrolysates of the appropriate 
reference compounds (see Fig. 1 and Table 3) However, 3, which 1s a minor component 
of the crude mixture, has not previously been reported or isolated and a reference sample 
was not available for comparison Thus, the structure assigned to 3 IS tentative and IS based 
on the following observations: (1) In TLC systems b and c the moblllty rahos 1 2 and 
3:4 are the same, as would be expected If 3 bears the same structural relatIonship to 4 
as 1 does to 2; (2) 3, like 4, should be a pair of eplmers, a predlctlon which was confirmed 
by GLC of 4-Me on QF-1 (see Table 3); (3) Acid hydrolysis of 3 gave a product (8) with 
TLC and GLC properties similar to glbberic acid, indicatmg that 3 may well have the same 
ring-A structure as does GA3. 
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TABLET GLC RETENTIONTIMESOFCOMPOUNDSINTHISSTUDY* 

1541 

Me 

Liqurd phase 

2% SE-30 3% QF-1 
MeSr Me Me& 

1 and GA, 
2 and GA, 
3 
4 
Tetrahydro GA3 I 
Epitetrahydro GA, 
5 and gibberic actd 
6 and GA,-ketone 
7 
8 

95b 
9.2 
9.5 b 
9.5 b 

100 
9.3 
2 5 [S 43 
9.0 

:.:, [ll 73 

10.7 
99 

ND 
10 3 
103 
103 
- 

9.0 
67 

ND 

242b 
19 7 
20 3, 224 
205,229 
229 
20 5 

2 6 [12.4] 
310 
110 
24[103] 

72,93 
81 

ND 
86 
8.6 
84 

* 3% QF-1 and 2% SE-34 both coated on 100-120 mesh GAS-CHROM Q, were used m stainless steel columns 
measurmg 83 cm x 3 mm. Condttions. oven temp (212”), carrier gas flow (N2 44 ml/mm) apply to all the R,‘s 
m this table except those m brackets, m which the oven temp was 180” and all other conditions remained the 
same 

Injector temp = 225”, detector temp = 230”; b = broad peak. ND = not determined 

Detection of small amounts of 1 in samples containing predommantly 2, using the 
effluent splitter method, was impractical because of the similar retention times of these com- 
pounds. Therefore, we developed a method which takes advantage of the fact that the end 
product of GAs acid hydrolysis (5, gibberic acid) has GLC properties quite distinct from 
the acid hydrolysis products6 of 2 (6 and 7, Fig. 1). First, approximately 1 million cpm 
of the test sample was combined with 20 pg of reference GA 1 and and the mixture was 
heated in a boiling water bath for 30 min. The product was isolated by extraction into ethyl 
acetate and was subsequently derivatized (Me,%) and taken up m 20,nl of ethyl acetate. 

1 3H 
28oCa- 

3%PF-I 

24ooo-- 
2120 HO 
44rnllrnl" 

CHz 
'02oooo- 
t 4-k 

e 16ooo - 

E 
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4 
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FIG 3 GLC DETERMINATIONOF THE EPIMER RATIO IN [3H]~~~~~~~~ GA, (Details m text) 

6 BRLAN, P W, GROVE, J F and MACMILLAN, J (1960) Fortschr Chem. org. Naturstoffe 18, 350 
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One ~1 (approximately 1 pg, 50000 cpm) of the hydrolysate-McSl was mjected onto an SE- 
30 column and three zones. correspondmg to the retention times of 5-,Zle, 6-McSl and 7- 
McSl. were collected. Since reference GA, was added prior to the hqdrolysls, the McSl 
derlvatlves of 6 and 7 corresponded to mass peaks and were readily detected and collected. 
When conditions were adjusted such that the rctentlon time of 6-MrSr was 9 0 mm, the 
retention time of 5-Mc was 2 5 mm and It was easily obtained m a fraction collected 
between 2 and 3 mm. Samples of 2 which were free of 1 gave zero cpm (above background) 
in the 2-3 mm collection. In impure samples, the percentage of 1 was calculated as (cpm 
m the 2-3 mm collectlon/cpm collected under peaks for 6-,Zrlr~Si and ~-MPSI) x 100 

The ratlo of the eplmers of 4 was determined by GLC. using reference samples The 
eplmers, whose absolute configurations are unknown. are dlstmgulshable by GLC of the 
methyl esters on QF-1 The eplmer with the shorter retention time IS called c>pl-tetrahydro 
GA,, and the other simply tetrahydro GA, ’ Recently, tetrahydro GA3 was shown to be 

a naturally occurring glbberellm 8 By GLC of4-Me (Fig. 3). we showed that the [“Hltetra- 

hydro GA, : C3H]rpz-tetrahydro GA3 ratio was 2.6: 1 
The sp. act of both 1 and 2 Lvere measured by determining the activity necessary to 

give the same-sized peak as produced by a known mass of the correspondmg reference 

compound m GLC (see Experimental). 

DISCUSSION 

Surprisingly. radioactivity due to C3H]GA3 comprised 94”$ of the crude reaction mix- 
ture (vs 37”/( for C3H]GA,) and had high sp. act (13 Cl/mmole vs 43 Cl/mmole for 
C3H]GAI). Apparently, the reaction conditions for this preparation permltted conslder- 
able trltium exchange with alkane hydrogen atoms of the GA molecules. The mechanism 
of this exchange reaction may parallel results obtained m heterogcneou--catalytic 
exchange reactions between deuterlum and alkanes.’ In such reactions. elichange 1s maxi- 
mal when the catalyst 1s palladium and IS least when It is rhodium. It should be noted 
that the kind of exchange reaction mentioned above 1s distinct from the Willbach gas- 
exposure reaction.“’ Moreover. the Wllzbach method gives products of much lower sp 
act than exists m our [“H]GA, It should be noted that neither the mcchanlsm for the 
production of the latter compound from GA3 nor the posltlon of label has been deter- 

mined. Since 1 1s exchange labeled to the extent of 13 Cl/mmol It seems IlkelI that all of 
the other C3H]GA molecules m the product mixture are equally labeled. Hence. we assume 
that 2 (sp act = 43 Cl,‘tnmol) IS randomly labeled to the extent of I3 CI ‘mmol and speclfi- 
tally labeled (C- 1,2) to the extent of 30 Cl!mmol We have not measured the sp act of 
3 or 4 but. by snmlar reasonmg to the above, we expect 3 has sp act = 33, and 4. sp, 
act = 73 Cl/mmole (2 x 30 + 13) Because the trltlum used m this preparation was car- 
rier-free (59 Cl/mmol), it might be expected that the sp act of2 should bc at least as great, 
and perhaps greater due to the exchange reaction. However, the condltlons of the reaction 
apparently promote such rapid exchange of trltlum, not only with GA molecules but also 
with solvent molecules. that the trltu_ml gas qulckl) becomes diluted with hydrogen. 
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Since the eprmers of 4 were formed in a ratio of 2.6: 1 (Fig. 3) addition of tritium to the 
C-16,17 bond is moderately stereoselective under these reaction conditions. Work in pro- 
gress m our laboratory, on the enzymic hydroxylation of C3H]GA1 in the C-2@) position 
to produce C3H]GAs, has provided an insight into the configuration of the tritium atoms 
at C-1,2 of C3H]GA1. In thus work, the formatron of trrtrated water is used as an assay 
to measure C3H]GA8 formation. Calculations based on the amount of tritrated water 
formed per amount of C3H]GA8 formed, indicate that virtually all of the C3H]GA, has 
its C-1,2 tritium atoms in a p configuration. 

The radioactive GAS produced are used in studies on metabolism of GAS in plants and 
it is therefore essential to achieve high purity. For example, in one of our unpublished ex- 
periments, we used what we thought to be pure C3H]GA, to measure metabolism of the 
hormone m barley seeds. A “metabolite” appeared in a control portion of the experiment 
which was later shown to be a derivative of C3H]GA3 that had arisen during autoclavmg. 
Under the same autoclaving conditions, 2 is stable. GA3, whether in the “cold” or “hot” 
form, is an inevitable impurity in C3H]GA, synthesrzed from GA3, and special steps must 
be taken to eliminate it during purification. For this purpose, the kieselguhr method” 
(steps 3a, b) is adequate, but clean separations such as are indicated m Fig. 2 are difficult 
to achieve consistently. Other workers may wish to substitute a different way to separate 
1 from 2 in the final step of the purrfication. 

Although the reaction conditions for the preparation were meant to duplicate those de- 
scribed by Pitel and Vining,4 certain drfferences were bound to occur. We used carrier-free 
tritium, whereas Pitel and Vining used a mixture of hydrogen and tritium. The quantity 
of starting GA3 was much smaller in our reaction than in theirs (35 mg vs 2 g) and thus 
there was greater probability of error in determining the endpoint or our reaction. Perhaps 
this accounts for differences in the results of our work and that of others who prepared 
C3H]GA,. 

Table 1 gives the percentage of each component found in the mixture but not actual 
recovered yields. In each of the three TLC steps the recovery of radioactivity is approxi- 
mately 70%. Thus, in a typical purification run which started with 1.5 x 10” cpm the 
overall recovered yields where approximately 4.7 x lo9 cpm of pure C3H]GA3 (3.27’) and 
1.9 x 10” cpm of C3H]GA1 (12.6%). It is evident, therefore, that the overall percentage 
yields are somewhat low but that the cpm’s attamable from a single purrfication procedure 
are nevertheless quite high. This outcome, of course, is due to the very hrgh sp. act. of the 
products. 

For those who may wish to prepare C3H]GA, for biological experiments, the para- 
mount concern must be with obtaining pure hormone. For this reason it is desirable to 
optimize reaction conditions for the production of C3H]GA 1. However, no matter whrch 
procedure 1s used the reaction mixture will contain at least small amounts of all the poss- 
ible side-products and these will have to be ehminated. Fortunately, GA3 is readily avail- 
able, and carrier-free tritium is inexpensive. These results hopefully provide purification 
procedures which will help others avoid the pitfalls inherent m the selective reduction pro- 
cedure. 

EXPERIMENTAL 

TLC methods Development solvents are listed m Table 2 In all of the TLC operations, ChromAR strips (Mal- 
lmckrodt Chemical Works) measurmg 5 x 20 cm were used and sample was apphed 3 cm from the bottom edge 

‘I KAGAWA, T. FUKINBARA, T and SUMIKI. Y (1963) Ayric Rlol Chrm 27, 598 
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AgNO,-impregnated ChromAR was prepared by dtppmg 5 x 20 cm strrps m aq S”/, AgNO, sohttion, placmg 
these strtps on glass, and drymg them at 110” for 0 5 hr A special method was used to “elute” radmactivtty from 
AgNO,-ChromAR A regular 5 x 20 cm ptece of ChromAR was cut mto 2 pieces, measurmg 5 x 8 cm and 
5 x 12cm, and both preces were placed on top of a 5 x 20cm glass plate A space between the 2 pteces was 
left such that a radtoactrve zone (e.g zone D or E) could be mserted between them overlappmg each by - 2 mm 
Then a 5 x 20 cm glass plate was placed on top, and the “sandwtch” wrth the top prece of ChromAR protruding 
a few cm, was held together wrth rubber bands The sandwtch was placed m a chromatographtc developing tank 
contammg solvent, EtOAc-CHCl,-HOAc (15 5. I) for 30 mm As the solvent travelled upward It moved the 
radtoactrve material from the AgNOs-ChromAR sectron onto regular ChromAR Radtochromatogram scanning 
was used to detect the new radtoacttve zone, now free of AgN03 

In scannmg, peaks which contained more than 5 x 10s cpm presented a spectal problem because of instrument 
hmltatlons The problem was solved by makmg an tmprmt of the “hot” strip by gently pressmg it together with 
a ChromAR strip of the same size, and scanmng the rmprmt This method had to be used m each step 

Contmuous development of ChromAR strips was conducted m a short developmg tank (22 5 cm), equipped 
with a Plexiglass hd wtth shts (5 5 x 0 7 cm) The strips was hung from between 2 small glass rods (7 cm long 
x 3 mm dia.) held together by a small stamless steel spring chp The strip was then suspended so that tt dtpped 
mto the solvent to a depth of 1 cm Kteselguhr plates (5 x 20 cm) were 0 5 mm m thrckness RadioactIve matertals 
were eluted from ChromAR and kteselguhr by extraction wtth 50 50 MeOH-EtOAc 

GLC The methods used are stmtlar to those reported by Cave11 et al I2 Details on packings and condtttons 
are shown m Table 3 and spectal methods are described in Results Methylated dertvattves were prepared using 
CH,N, To prepare MeSl dertvattves Me’s were further treated with St1 Prep (hexamethyldtstlazane trnnethyl- 
chlorostlane-pyrtdme, 3 I 9) 

Reaction ofGA3 with trmum The followmg protocol (furnished by chemists at New England Nuclear. Boston, 
Mass, who conducted the reactron) was used A mixture of GAS (35 mg), tetrahydrofuran (3 ml), pyrrdme (0 15 ml). 
5% Pd on CaAO, (IO mg; prereduced with HZ) was stirred m an atmosphere of carrier-free ‘HZ gas (sp act 
59 Cl/mmol) unttl2 5 ml of gas was absorbed The mtxture wds taken to dryness under vacuum Lab& ‘HZ was 
removed two times with MeOH The catalyst was removed by filtratton through a mtlhpore filter The product 
(3 3 Cl) was dissolved m MeOH (2 ml) and EtOAc (8 ml) One thud of the product was dissolved m 500 ml of 
95% EtOH, provtdmg a stock soln contammg 1 5 x lo6 cpm/pl 

Pur@xmon Step 1 100 Ml of stock soln, containing 1 5 x 10” cpm was drted under vacuum The tadtoacttve 
residue welghmg 2 4 mg was dissolved m ca 100 ~1 of MeOH, streaked onto d 5 x 20 cm strip of ChromAR. and 
developed contmuously (system a] for 75 mm After scannmg, the strip was cut mto three secttons, as shown m 
Fig 2. Elutton gave zone A. 2 3 x 10’” cpm, zone B, 5 5 x 10” cpm, zone C, 2 7 x 10’” cpm 

Step 2 5 0 x 10’” cpm of zone B (above) was brought to dryness under a stream of Nz at 50 , streaked onto 
a 5. x 20cm piece of AgNO, ChromAR and developed m system b (see Table 2) Elutton (by the spectal tech- 
nique described under TLC Me&o&) gave zone D , 2 9 x 10” cpm, zone E. 3 3 x 10” cpm 

Step 3 2 0 x IO” cpm ofzone D wds applied in a single narrow streak near the bottom of a 5 x 20 cm ktesel- 
guhr G plate which was developed m system c Isolated were zones F (pure I), 2 8 x IO” cpm dnd G (pure 2), 
1 1 x 10”’ cpm Slmtlar treatment of zone E. 3 2 x lo9 cpm, m system c gave zone H, 6 7 x 10s cpm and zone 
J.24 x 10’cpm 

Sp uct ~f[~ff]GA, (I) To 5 0 gg of cold GA, m 2 ml of MeOH was added 6 0 x 10’ cpm of pure [3H]GA, 
thus producmg a reference C3H]GA, sample of known sp act (I 2 x lo5 cpm/ng) To another 2 0 ml of MeOH 
was added 1 2 x 10’ cpm of pure [jH]GA3 producing what IS referred to below ds the “hot” L3H]GA, sample 
Both soluttons were treated wtth CH,N,, dried with N,, and purtfied by TLC on ChromAR (solvent = ttzOm 
C,H,, 2 1) On radtochromdtogram scannmg, both lots showed a mam peak (R, 0 70) and a nnnor peak dt the 
ortgm Recovertes of radtoacttvtty for the samples were “hot” sample, 8 5 x 10’ cpm, 71”;. reference sample 
5 0 x lo5 cpm, 83% Each sample was dried under N,, treated with 100 ~1 of St1 Prep for I hr at 25’ dried agam 
with N,, and then combmed with - 50 ~1 of toluene An SE-30 column was used wtth condmons the same as 
given m Table 3 except for a htgher oven temp (225’) m order to obtam a sharp GA,McS peak at short retentton 
time (7 mm) A series of 5 x 2 ~1 mtecttons of the reference sample gave GA3 &feSr peaks measuring 82 to 87 mm 
in hetght (average = 84 mm) 3 x 2 1.c1 porttons of the reference sample were scmttllatton counted, gtvmg an dver- 
age value of I 7 x 104cpm Thus we calculated that the mass of GA,M& which gave the 84 mm htgh peak 
was 0.14 pg We then proceeded to 1nJeCt 2 0 ~1 porttons of the “hot” I -MeSl sample. attemptmg to produce peaks 
whose heights were &se to 84 mm By trial and error and by adJustmg the volume contammg the sample we 
soon were able to make a series of 4 x 2 pl ;nJecttons of the “hot” C3H]GA, sample whtch gave pedks rdngmg 
in height from 85 to 88 mm, 3 x 2 ~1 portions of the “hot” sample were scmttllatton counted. gtvmg dn average 
value of 4 2 x IO6 cpmj2 ~1 Hence the sp act of 1 1s 4 2 x 10’ cpm/O 14 /lg. this IS equtvalent to 13 (‘t’mmole 
The sp act of 2, determmcd by the same method, was 43 Ct/mmole 

H~yh coltuye paper electrophorem Radtoacttvtty from zone C (5 x IO’ cpm) and a slmtlar amount of 2 were 
applied as 5 cm long streaks to Whatman 3MM paper (baste wt = 185 g/m’, 0 33 mm thickness. med flow rate. 
smooth surface). A high voltage electrophorests instrument (Savant, Model FP22A) was used Condmons of elec- 

” CAVELL, B D MACMILLAN J, PRYCE, R J and SHEPPARD. A C (1967) Phvtochermstr v 6, 867 
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trophoresrs were: buffer, pyrtdme-HOAc-H,O (100~15~9OO) adjusted to pH 6,150O V, 1.5 hr Scannmg was used 
to detect radroactrvtty. Under these condmons, radtoacttvtty horn zone Cwas evidenced as a smgfe peak centered 
12 5 cm from the origin on the anode side; 2 migrated a distance of 9.9 cm and a DNP-alamne marker migrated 
13.2 cm. 

Hydrolys~of C3H]GA samples The sample was brought to dryness m a screw cap (Teflon) test tube 
(10 cm x 13 mm) and 1.0 ml of 1 N HCl was added The tube was tightly capped and placed m a 400 ml beaker 
contammg 200 ml of botlmg H,O After 30 mm the tube was removed, cooled, and the contents were extracted 
with 3 x 2ml of EtOAc The extract was shaken with anh. Na,SO, and passed through a small cotton plug 
and washed with 50: 50 EtOAc-MeOH 
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