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INTRODUCTION 

INpLANTs,y-ABis~regarded~arisingfromglutamicacidbydecarboxylatioa~-~ 

The decarboxyla8e which effW8 this reaction require8 pyridoxal phosphate as co-factor, and 
has been pm-i&d from plants,4 bacter&5* 6 yeasts,’ and animals.* Alternative routes for the 
formation of ‘y_AB from other precursors have, however, been reported. A strain of 
Pserrriomonap~SCtWS was found to contain enZyme 8ystemar Which COIlvert pyrrolidine 

and putre8cine to y-AB19 and the oxidation of proline by Domino acid oxidase preparations, 
low in catalase activity, was also found to lead to the formation of pAB,lO The farther 

. metabolism of y_AB involves B ‘on to yield succinic semiaMehyde, which is then 
c4mverted to succinic acid to undergo final oxidation through the Krebs cycleP~ lls la 

It has been reported earlier that plant cell tissue cultures, grown under conditions of 
limited access to air, showed a high con~tration of YAB in the cabs ti88ue,13 and the 
studies~~heredealwiththemec~ofthe~~onofthisaminoacidinbean 
calls The results indicate that y-Al3 is formed by decarboxylation of glutamic acid and also 
by a hitherto undescribed route involving oxidative d eamination of omithine, followed by 
oxidative decarboxylation of the keto acid formed. Pyridoxal phosphate was found to act as a 
co-factor in the latter reaction. The reason why anaerobic condition8 lead to the accumula- 
tion of y-AB appears to be the lack of trmtion reactions under such conditions. 

RESULTS AND DISCUSSION 

Experiments were first cam&d out to de&mine which amino acids could act as precursors 
of y-AB. Acetone powder8 pqared from bean callus grown with either free or limited access 
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to air, wereincubated separately with L-glutamic acid, r.-ornithine, ccitrulline, Garginine or 
L-proline, together with pyridoxal phosphate in 0.2 M phosphate buffers of pH valw ranging 
from 44to 11*8. The incubation was carried out in Warburg manometers (gas phase air) and 
afterincllbationthemixtureswereanalysedfory_AB~~chromrtogtaphy. Itw;aSfOund 
that y_AB was only formed from glutamic acid and omithine, and that the intensity of the 
y-AI3 spot was greater using the acetone powder prepared from the callus grown under 
conditions of limited access to air. Subsequent expe#uents were, therefore, carried out using 
calls grown under the conditions described in the Bxperimental section. 

The reaction with glutamic acid was accompanied by the evolution of carbon dioxide, 
and the optimum pH for the decarboxykxse was found to be 5.8. In the case of ornithine, the 
reaction occurred with both the uptake of oxygen and the evolution of carbon dioxide. Using 
oxygen as gas phase, and following the reaction with and without alkali in the centre well of 
the manometer vessels, it was found that oxygen uptake occurmd over a wide range of pH 
values and was optimal at pH 9.2, whilst the evolution of carbon dioxide was optimal at pH 
values between 5.2 and 5.8. Paper chromatographic analyses of the incubation mixtures at 
‘the~di#brent pH values showed that the intensity of the y_AB spot was highest at pH 5.8. 
However on spraying a duplicate chromatogram with O-amino~ reagent, a 
yellow spot of qvalue corresponding to orsxo-8- aminovaleric acid (prepared by the action of 
Ggmino acid oxidase of Crotulac~ adammteus venom on ~ornithine), was obtained. The 
intensity of this spot showed a progressive increase from pH 5.8 and was maximal at pH 9.2. 
These results indicated that the first step in the conversion of omithine to y_AB is a- 
deamination to the ar-keto acid, followed by oxidative decarboxylation of this product. 
Cyclization of the aketo acid would result in the formation of &pyrrolim&carboxylic 
acid, which reacts with o-aminbenzaldehyde to form a yellow dihydroquinazolinium 
compound l4 (Pig. 1). 
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Add&naleviduuxforthe&nt&ationof~oxo&u&ovalerica&dwasthelde&cal 
J$values on silica gel plates ofthe 2,4dini&ophe&y&&auone derivatives of the keto-acids 
formed by the action of the bean calhrs acetone powder and CMa?us at&wtcntw venom 
respectively on ~ror&hine at pH 92.. Using the bean callus acetone powder no free ammonia 
conldbe’dctectedby~coaWaymicroiffusionmetbodinthereactionsolution,indicating 
that this product was bound in some way during the reaction. 

Inadditiontoy-ABand~~~s-llminovalericacid,~spotwadl~rn~o~ 

1’ A. Mwsrra, J. Bed. C/I&. m ST7 (1954). 





TABLET. EFFECTOPALUON mmmmmm~ op 
y-ABlN3-wmEKBE4Nc.uLus 

Growthwtlditions’ 
I- \ Total Amcmatof 

week2 week3 aminoaddst . y-AR 

CM+ CM+ 0.9 
CM- CM- 
CM- s+ SI Fizi 
CM- s- 3.6 

*Allworogrownfortbfirstweekonumnut 
milk(CM),iuair(+),Sisacac4mutmilk-hte 
medium containing mcme (2b/.) and co-factors 
ofdy*‘s(-)showslimitiaccessofair. 

tvahle8fqrtotalamiuoaedscsbatcdwith 

acids and the low pH both unfavourable for tr amamination, caused by the accumulation of 
carbon dioxide under these growth conditions. l3 It is obvious that under such conditions 
many other reactions might be inhibited, and points once more to the importance of aeration 
in obtaining standard tissue cultures. 

EXPERIMENTAL 

Prqaration of acetone pow&s. Bean callus was grown on the coconut milk medium 
described previ~usly,~~ for a period of 1 week with free access to air, after which the caps of 
the bottles were made airtight and growth allowed to proceed in conditions of limited air for a 
further 2 weeks. At the end of this period of growth, the callus tissue from several bottles was 
frozenat -u)“Cfor20-22hr. Thefrozencalluswaswellgroundinacooledmortarwith 
ballotini beads in 02 M KHz P04-Na2Hpo4 buffer, pH 7.0, until no intact cells were visible 
on microscopic examination. The suspension was squirted through a pipette into 5 times its 
volume of cold acetone and allowed to stand for 15 min with occasional stirring. The acetone 
was then removed by filtration and the residue washed successively with 100 ml aliquots of 
cold acetone, acetonexther (1: 1) mixture and ether. 

Rcactio~ with amino aciuk The acetone powder (100 mg) was suspended in O-2 M 
phosphate but&r of the required pH (2.5 ml) containing the relevant amino acid (10 m and 
pyridoxal phosphate (1 PM). The reaction mixture was incubated at 30” for 1 hr, the acetone 
powder removed by centrifuging and an aliquot of the supematant taken for chromatography. 

Chrornatogrqhy. Paper chromatographic analyses were carried out using butanol : acetic 
acid : water (6 : 1: 2 v/v) as developing solvent In twodimensional analyses aqueous phenol 
was used as the second solvent. The spray reagents genera@ used were 0.4% ninhydrin in 
95 % ethanol containing O-2 % cobalt chloride, and O-1 % c-aminobenzaldehyde in absolute 
ethanol. 

Thin-layer chromatographic analyses of 2,4dinitrophenylhydrazones was carried out on 
silica gel plates using toluene:ethyl acetate (60:40 v/v) as solvent. 

lsJ.L.~T.SwAPl~d#,T.~,A~~~..,176~962). 
16 Se MOORE and W. H. STEIN, J. B&. CIcnn. 211,907 (1954). 
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Predation of oaddenzaldehyk o-Aminobenzaldehyde was prepared by reduction 
of o&robenzaHehyde as described by Mann and Wilkinson.” 

Note u&i% in proof. Prof. L. Fowden, F.R.S. has informed us that the first stage in the 
formation of y-AR from omithine can proceed non-enzymically. Further investigation of 
tl.liSsystemSeemWanranted. 

~‘F.C+.MANN~~~A.J. wlLlmmN, J. chum. i3k 3346 (1957). 


