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Aktract-In potato tubers, Qaminobutyratc was fotmcd from L-glutamate and was converted to succinate by the 
operation of the Qaminobutyrate shunt. The thra enxymm of the shunt pathway were detected in the tubers. 
Glutamatedaarboxylase was found exclusively in thecytoplasm, wbcrcas4aminobutyrate transaminascand suazinatc 
scmialdehyde dchydrogcnasc were present both in mitochondria and cytoplasm in a 1: 3 ratio. CAminobutyrate 
transaminasc gave good activity with pyruvate and 2-oxoglutarate. 

IhTRODUCllON 

QAminobutyrate (4AB) is a non-protein amino acid 
widely distributed in nature. In particular, many higher 
plant ~issucs contain considerabk amounts of this 
compound in their free amino acid pool [ 1.21. 
Accumulation and metabolism of 4AB in cdibk plant 
tissues such as potato tubers assumes sign- as 4AB 
is a well known inhibitory ncurotransmitter in the human 
brain [3] and it also has other roles in olammals [4]. 
Although the formation of 4AB from L-glutamate by z- 
dccarboxylation catalysal by the enzyme glutamate 
dccarboxylasc GDC. EC 4.1. I. 15) is well known in higher 
plants [S, 63, there are only few reports on the further 
metabolism of 4-AB. Limited data avaIlable from few 
plant S~KX~CS [7,8]. mainly based on [“C]QAB tracer 
studies. suggest that 4AB is metabolized IO succinate via 
SA (suczinatc scmialdchyde) by the operation of the 4- 
AB shunt or bypass pathway (Fig. I) as in mammalian 
brain [9]. However, the presence of all the thra enzymes 
of the 4-AB shunt, GDC, 4-AB transaminase (4AB-T, EC 
2.6.1.19) and succinic scmiakiehydc dehydrogenasc 
(SSADH, EC 121.24) has been convincingly 
demonstrated in only two higher plant species to data. 
namely radish leaves [lo] and wheat embryo [ 11). 

As a part of our detailed investigations on the 
accumulation, metabolism and role of QAB in potato 
tubers which is known IO contain one of the of the largest 
amounts of 4AB among higher plants [ 1. 12 131, we 
rcpon here the operation of the 4-AB shunt in potalo 
tubers. 

REWLTS AND DRXXJSSION 

The 4AB content of potato tubers was determined by a 
spccihcand sensitive enzymatic method using commercial 
‘Gabasc’. The 4-AB content of freshly harvested potatoes 
was found to be in the range of 3.2-4.1 qnol/g fr. wt of the 
tissue. Thu finding confirmed the earlier reports on the 
high 4AB content of potatoes [ 1, 12, 131. 

The soulcc of 4AB in potatoes is Lglutamatc and the 
active conversion of glutamate to 4AB by dccarboxy- 

lation oaurral in potato tissue. This was evident from the 
incorporation of label from L-[U-‘Qhttamate 
predominantly to 4-AB. On fcading radiolabclkd 
glutamate into potatoes, 5.10 and 25 7: of label appeared 
in 4AB at the end of 4, 24 and % hr of incubation, 
respcctivcly. Howcvcr.apprcciabk incorporation wasalso 
observed into glutamine, aspartatc, asparagine and 
succinate with longer incubation periods (W hr) and the 
greatest incorporation was in glutamine, accounting for 
14?, of the label. 

In order todetermine the metabolism ofCAB in potato 
tuber. they were fed with [U-14C]4-AB and the dis- 
tribution into various cellular substances at different time 
intervals was examined. The results shown in Table I 
showed that 85-909, of the total radioactivity from 
lab&d 4AB fed to potato tuber was recovered from the 
respired CO1 plus 807; ethanol cxtr~t. The ethanol 
extfirI on further analysis showed that incorporation was 
mainly in the ammo and organic acids fractions. The 
ethanol insolubk and neutral sugar fractions contained 
only ncgligibk radioactivity and they were not analyscd 
further. 4AB was actively metabolized in potatoes and 
507, of the infiltrated 4AB was transformed into other 
compounds in 20 hr and as much as 16 “; of “C from 4 
AB appeared in the respired COr in the same period. The 
appcarancc of label from [‘*C]AAB in succinatc and 
malatc initially and in aspartatc. glutamate and their 
amides thereafter suggestal that 4-AB was tint converted 
IO succinate by the operation of the 4-AB shunt (Fig. I). 
Succinate entered the tricarboxyhc acid cycle and was 
further metabolized. thereby accounting for the 
appcaram of label in amino acids derived from the 
tricarboxylic acid cycle intermediates. The labelhng 
pattern observed in keto irids was also consistent with 
thts contention. 

The intermediate tn theconversion ofCAB to succinatc 
is succinic scmialdchydc (SSA) [ 141. so an attempt was 
made to measure SSA kvels in potato tuber. Failure to 
detect SSA in potato by an enxyma~ic method which could 
detect as little as 8 nmol/g fr. WI of tissue indicated that 
fra SSA did not accumulate in thecells, possibly due to its 
rapid conversion IO succinatc or some other intermcdiatc. 
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Trbk I. Distribution of “C frun [ U-“C)CAB in various compounds 
in pomo tubem fad with 8 x Iti qm of rxiiorcin CAB 

FrrtiOtl 

Time dta feeding [‘yc)cAB in hr 
4 24 96 

(cpat x 10-y 

aa 0.07 0.76 1.52 
Ethmd-aolubk frstim 7.0 6.5 5.5 

Amino rid fraction 6.6 4.2 3.04 
CAB 4.9 20 0.3 
Glutamate tmcc 0.05 0.6 
GlUtAhttC trux 0.4 1.0 
mte 0.2 0.7 1.2 

organic rid frxtxxl 0.34 I 55 20 
stxxilutc 0.15 0.9 0.65 
MJIte 0.09 0.54 0.52 
Citrate 0.06 0.41 0.33 

Neutral fraction rugm 0.035 0.02 0.028 
Kao acids 

odo masate 0.05 0.34 0.45 
a-Kctoglutite 0.034 0.05 0.0s 

Values man of two in&pct&nt dctctmitution* 
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The operation of the 4AB shunt provides an alternate 

route for ghamate IO enter the tricarboxylic acid cyck 
apart from its notmal conversion IO 2-m. In ttddiIion. 
this shunt assums greater signifbncc in tissues under 

conditions where normal conversion of 2-OG IO suazina~e 
is res~ric~cd. WC are currently working on these lines IO 
understand the role of 4-AB in potato tuber physiology. 

EXPERIMEMAL 

Plum maerid. Potato rubcrs (So&num tubtt0~11. Kufri 
Chandramukhi culdvar) were obtained from the local market 
within one month aPcr hpncs~. wcrc stored a~ room temp. durtng 
the studies and wcrc ttscd within a month IO avoid compliations 

due to spcouttng. 
Clwmk0f.s. I,-[ U-‘~C]GluIamate (I 30 mCt/mmol) ud [U- 

“@-AB (213 mCi/mmol) wcrc obtained from the isotope 
group. BARC (Bombay) Hyamine hydroxide was Ihc product of 
New England Ntrlcar. Gabasc and fine chemicals were from 
s&ma. All other reagents were of highest analytical purity grade. 

Dcrcrmim~ion ojCAB. St&d pota tuber tissue (IoOg) was 
extrwztcd with kx cold 0.6 M HClO, tn a Waring bkndcr (3 
x 2tXtml). Aha rcmovol of the acid insolubk material by 

antrifugation (15000 9.20 mtn.&2”). thcaminorids tn theacid 
extrwzt were scpuarcd by pH adjusImcn1 IO 7 with I M KOH. 
removal of KCIO, by antrifttgation and ton cxchangechromato- 
gnphy on Dowcx-SO (H’ form) 4AB prrscnt in Dowex-30 
eluares. afIcr removal of alkali and concn, was determined 
enzymatically using a commctcial Gaba& preparation [ lg]. 

Dewmtimtion of SSA. SSA amount in buffered cx~rac~s of 
potarocs was dctcrmincd cstxymatk~+ using a purillcd SSADH 
preparation from potato tubers (ttnpub&hcd data). 

L.&&d rx@nunts. L-[U-‘4C)Glu~~c or [U-“C)CAB 
conmining #Ziin 10CJsolnwasplradina2mmslottnadcbya 
cork boca in each of the po~atccs (4 numbers in each exp1) and 
Ihc radicactive soln was allowed IO imbibe (about IS min.) The 
potatocswcrctbcn ~ran&rrcdtoadcsimtorwhichwumadcair 
tight. Co, free and mtiturixal air was passed through Ihc 
daiaaror by an aeration pump at a constant flow and rhc expired 
air wu collated in SOml 0.3 M KOH containal in a 
Pcttcrn-Koffcr rubc. AI cub Iimc itttd an aliquot of the 
alkali soln was mixal with IO ml of Bray's at&l and wu cottn~cd 
for radtiiviry in a Bcctman Ls lCDoounIa with an w 
of 94% for “C. The potato satnplcs at ach Iimc interval wcrc 
cx~mctal with boiling So% EtOH, EIOH was cvapd at 30’ in 
m and Ihc cooal sampks wcrc put through tandcm columns 
(Ix9an)ofDovcx5O(H’)andDowcx-l(HCOG-).Amino 
a&Is from Dowa- were clutal wiIh 2 M NH.OH. squatcd 
by TlC on ozllulosc with McOH-pyridine HsO (20: I : 5) u the 

solvent system [ 191. and rhc amino rid spars wcrc visualircd by 
spray with O.So/, ninhydrin in 5% AcOH in McsCO. Organic 
acids from Dowcx-l wcrc clu~cd with 4 M HCGONa, scparatcd 
by TLC on allulosc with E1r0- HCOOH-HsO (20:2: I) as 
solvent [ 2OJ and spots wcrc dctcctcd by spray with bromocrcsol 
green in %0/l EIOH JUSI ttdc dkdinc with 0.1 M NaOH. 
Dtt@im~e spots not sprayed with dctcction rugcnrs were scrapal 
from Ihc phc. elutcd with 753: EIOH and c~ttnIcd for 
radioxttvity. 

Incorporation of [ ‘*C)CAB label into various kctoridr was 
dctcrminod in a scparatc apcrimcnt. Poratocs incubalcd with 
[i’C]QAB for dilfcrcnt time intervals were cxt~cd with ice 
cold 0.6 M H,PO, and kcto acid hydrazoncs wcrc pqarcd and 
puti6ulaccordingtotlumc1hodofrcf.[2l].IndividualkcIorid 
hydrazona wcrc seqratd by TLC on allulosc with n- 
BuOH-EtOHa.5 M NH, (7: I : 2) as sdvcnt system. 

Pwpnr~don o/cell-/rrr cx~rom. All opcratmns were a1 &2”. 

Sliced potato tissue (Sag) was ground in a mortar with the 
grinding madium (2 x 100 ml), 6lrcral through 8 laycn ofchmc 
doIhudthc6lrnrcwu~trirugad(30000~,~Omin)Thedar 
pak yellow sttpcrN1an1 was ruad as Ihc atxymc soura. 
Extraction tnalia usal were. GDC; 50 mM NaPi bttffa pH 5.8 
containing l4mM 2-tncraptocthanol (2-ME) and 4ORM 
pyridoxal-S’-phosphate (PLPk QABT; IOOmM NaPi busa 
pH 7.3 containing I4 mM 2-ME, I mM EDTA 50 PM PLP and 
0.2% Tri~on-X IO0 and SSADH; IOmM NaPPi bttlTcr pH 7, 
conmining I4 mM 2-ME I mM EDTA, 0.1:. Trtton X IO0 and 
0.5 S, polyclar-AT. 

Sub-c&&~ frcwriontatton. Sumttlar frraionalion of 
potato tissue w dom according to tbc abcthod of rd. [U]. 20 g 
slmulIiuucwas mocntal in 3Oatl of a&-froxm grinding 
medium cotnaining 0.3 M manniIoL I mM EDTA 20mM 
NaPPi bulfa pH 7.5. 0.1 ‘/ BSA and 4 mM tqstcine in a 
Waring bkmlcr a1 low spad (3 x 5 see). the hnCgcna1e was 

dlrcrcd and the hltra~c vu subjcctal IO diffacntial 
ccnrrifugation. The pclkt fracIions wcrc rcsmpcndcd in Ihc 
cxtrrnion malittm withour mannttol but containing 0.5:; 
T&on-X 100. Ftwztions pccpucd with medium containing no 
BSA were used IO dclcrminc prorcin con~cn~. Marker enzyme. 
fumarasc [23] and auhsc [24] wac assayed 
spoctrophotomctrially. 

Enrymt auoys. GAD was a.ssayaJ ruiiomurically [25] by 
measuring the ‘TO1 liberated from L+J-‘*Cl glutattutc using 
Conway micro diffusion units. The ouIa well contained in a total 
voL of 2S ml; SO mM NaPi buffer pH 5.4 0.2 mM PLP and 
wmg ctuymc prolcin. The inner wdl contained cot ml of 
hyaminc hydroxide The -iOn was initiaIcd by the edition of 
L-[ U-‘V] glu~amatc (24 mM, 1% $Zi/matof)and the units wcrc 
itnmcdiatcly mwdc air tigb1. The units wcrc incttbatal at 37” for 
I hr with ocusioaal agitatioh the rcoaion was stoppcd by rhc 
addnion of 20% TCA and an aliquor ot Ihc hyaminc base was 
mcasurcd for radiartivity. Units with boikd cnzymc (I 5 min at 

IOtY) yryed as oontrols and Ihc values ncvcr cxaakd 5.7 *L of 
the cxpcrimcntal values. CABT was prsryal by the method of 
ref. [IO]. A 3 ml vary mixture contained lo0 mM borarc buffa 
pH 9. 5 mM 2-M& 0.3 mM PLP. IOmM [U-“C)CAB 
containing I @Zi, Na salt oltbc ketorid (pyruvate or 2-OG) and 
34 mg of ctuymc protein. The rcuIion mixIurcs wcrc incubated 
at 37” for I hr. I ml of 207; TCA was added and the ppt was 
removed by ccnttifugation. The clear supcmaIan~s wae applied 
on Dowex 54 (H’) and the radioraivity in the column dllucn~s 
wutakcnuamarurcofctqmcactivity.Thecompktc reaction 
mixture minus kcto acid served as the control. SSADH vu 
assayal spcctrophotomctrially at 340 nm at roan temp. In 3 ml. 
the reaction mixture contained IOOmM NaPPi buffa pH 9. 
I4 mM 2ME 0.5 mM NAD’ and enough enzyme IO give an A 
change of O.OS-O.l/min. R-ion wu inittatcd by the addition of 
IOO~M SSA to the apcrimcntal cuvcttc. 

Prorein ewmarim. Protein content was dctcrmtncd by 
Lowry’s method [ 261. 
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