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Abstract-y-Radiation at a sprout inhibiting dose of 100 Gy enhanced the operation of the 4-aminobutyrate shunt by 
about 3-fold 48 hr after irradiation, but there was no accumulation of the amino acid in irradiated potatoes during 
storage up to 6 months. y-Radiation increased the activity of the first enzyme of the 4-aminobutyratc shunt, glutamate 
decarboxylase and the maximum increase of 2Cfold was found on the fourth day after irradiation. y-Radiation had no 
pronouncedeffect on theactivityoftheother twoenxymesofthcpathway.4-aminobutyratc t -and suczinate 
semiaIdehydc dehydrogenase. Based on the results obtained, a possible role for the 4-aminobutyrate shunt in potato 
tuber physiology was suggested. 

I~ODUCTION 

Many higher plant tissues contain large amounts of 
4-aminobutyrate (QAB), a non protein amino acid, in 
their free amino acid pool [l, 23. A number of environ- 
mental stress conditions such as anoxia 133, low tempera- 
ture [4], darkness [SJ, mineraI deficiency [6], wounding 
[4]. ageing [7,8] and y-radiation 193 are known to further 
elevate 4AB levels in various plant tissues, leading to the 
accumulation of 4AB. This accumulation is attributed to 
the increased formation [3,7, lo] and/or a decreased 
utilization of 4-AB [3] in stressed plant tissues However, 
the physiological significance of 4AB accumulation in 
stressed plant tissues is not yet well understood. 

Accumulation of 4-AB in an edible plant tissue such as 
potato tubers assumes additional signifiamcc as 4-AB is a 
well known inhibitory neurotransmitter in the human 
brain [l l] and other roles have also been implicated 
recently for this compound in mammals [12]. Although 
the 4AB content of potato tubers is one of the highest 
known among higher plants [ 11, the metabolism, aazumu- 
lation, enzymology and role of 4-AB in this tissue has not 
been welI studied. In addition, thereareconllicting reports 
on the effect of y-radiation (for sprout inhibition) on the 6 
AB content of potatoes. Jaamm [9] found that irradiation 
of potato tubers at a sprout inhibiting dose of 100-l 20 Gy 
increased the 4-AB content and she observed that ir- 
radiated potato tubers contained double the amount of 4- 
AB than unirradiated potatoes, even after 6 months of 
storage. In contrast, Takano et al. [ 131 did not find any 
significant differences in 4-AB levels in control and 
irradiated potatoes (receiving dosea of lC&120Gy) at 
time intervals ranging from 1 day lo 8 months after 
irradiation. 

As a part of our detailed investigations on the metab- 
olism, enxymology and role of 4-AB in potato tubers, we 
have recently reported [14] the operation of the 4-AB 
shunt and the presence of all the three enzymes of the 4 
AB shunt in potato tubers. In a separate communication 
[ 151, we have also reported the purification and charae 

terization in detail of the first enxyme of 4-AB shunt, GDC 
(glutamate decarboxylase, EC4.1.1.15) from potato 
tubers. We now report here the y-radiation induced 
alterations in the 6AB shunt in potato tubers and its 
possible significance in the tuber physiology. 

RESUL’IS 

Formation of 4-AB 

Control and irradiated potatoes were fed with uni- 
formly labelled L-[ ‘q-glutamate immediately after ir- 
radiation, and the distribution of radiolabel from gluta- 
mate into different compounds was determined at inter- 
vals. The results from these studies are presental in Fig. 1. 
L-Glutamate was predominantly converted to 4-AB, even 
in control dormant tubers, indicating that glutamate to 4- 
AB conversion was the main pathway for glutamate 
metabolism in potato tubers. y-Irradiated potatoes con- 
tained less radioactivity in t&tamatc and more in 4-AB 
as compared to unirradiated tubers at all times. These 
results suggest two possibilities; one is that the radiation 
enhanced glutamate to 4-AB conversion and hence the 
higher radioactivity observed in 4-AB in irradiated tubers 
over that ofcontrols. The second possibility is that theratc 
of glutamate to 4-AB conversion remains unaltered after 
irradiation but the higher radioactivity observed in ir- 
radiatal tubers merely reflects a decreased utilization of 4- 
AB, possibly as a result of a block in 4-AB catabolism in 
these tubers. However, in the case of the second ahemat- 
ive, one should then observe the accumulation of 4-AB in 
irradiated tubers. So 4AB mntent of control and ir- 
radiated potatoes was determined (see below). 

Quantitative changes in amino acid wntent 

Glutamate, glutamine and 4AB content of control and 
y-irradiated potato tubers during storage after irradiation 
is shown in Table 1. There was no significant difkrencc in 
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Time. hrs 

Fig. 1. Radioactive distribution of L-[U-“C]-glutamate into different compounda in axwol ti y-irradltod 
potato tubers. 

the 4AB content of control and irradiated potatoes as 
determined by a more sensitive and highly spa%c en- 
zymatic method. There was no accumulation of 4-AB in 
irradiated potato tubers at all time intervals studied, and 
in fact, a slight decrease was observed on some occasions. 
However, a sign&ant decrease in glutamate level accom- 
panied by an increase in glutamine level wax found in 
irradiated tubers indicating that glutamate to glutamine 
conversion was also enhanced by y-radiation, possibly by 
activating glutamine synthetasc. These results. together 
with the data from [l*C]-glutamate feeding studies, 
strongly suggested that both procescs, formation of 4-AB 
from glutamate and its further breakdown, were enhanced 

by irradiation, explaining the unaltered 4-AB levels ob- 
served after irradiation. 

4-m catabolism 

U&radiated and irradiated potatoes were fed with 
uniformly labcllal [14C]4AB immediately after irradi- 
ation and samples were analyscd for radiolabel distri- 
bution in various compounds at different time intervals in 
an attempt to understand the catabolic pathway of 4-AB 
in potatoes. The results are presented in Fig. 2. About 
85-90% of the total radioactivity fed as [‘*C]-4AB was 
recovered in CO1 plus alcohol soluble fraction, and most 

Tabk 1. 4-AB. glutamate and glutamine content* of uxttrol and y-irradiated potato tubers during storage 

Time after 
irradiation 

4-AB Glutamate Glutaminc 

Control Irradiated Control Irradiated Control Irradiated 

4hr 3.23 iO.17 3.2 *0.12 6.39 f 0.3 6.09*0.19 
16 3.25 f 0.065 3.4 io.17 6.36 f 0.2 5.86fO.l I 
24 3.11 *0.18 3.2 f0.11 6.42 f 0.05 5.2 1 f 0.09 
36 3.5 f0.31 3.65*0.17 5.97 f 0.26 4.9 *0.13 
48 3.8 *0.09 3.18 *0.09 6.49 f 0.1 4.75 f 0.06 
72 3.8 *0.2 3.6 *0.12 6.02 f 0.34 4.53 f 0.3 
96 3.85 f 0.1 3.13 *0.14 6.23 f 0.29 4.15f0.2 
120 3.83 f 0.4 3.38 f 0.21 6.48 f 0.46 4.1 f0.04 
7days 3.32 f 0.2 3.48*0.13 6.32 f 0.27 4.38 f 0.1 
15 3.43 f 0. I 1 3.8 *0.19 6.39 *0.16 4.36 f 0.08 
30 2.72 * 0.43 3.25 f 0.09 6.66fO.12 5.32 f 0.4 
60 4.2 *0.25 3.4 *0.13 6.75 f 0.03 6.5 f0.16 
90 4.05iO.18 3.7 f0.04 6.87 *0.16 6.44*0.18 
120 -t 4.4 *0.16 - 6.84*0.14 
180 - 4.6 f .3 - 6.26* .07 

l Expressed as pmol/g fr. wt. Mean value f standard error of four determinations. 
t Au the control tubers sproutal by this time. 

11.77 f 0.8 
LO.84 f 0.3 
11.06*0.12 
11.26*0.1 
11.2 f0.04 
11.24*0.2 
11.5 *0.15 
11.76*0.11 
12.9 f 0.25 
135440.1 
14.04*0.18 
13.62 f 0.4 
12.74fO.l 

- 

14.13*0.19 
13.8 fO.12 
13.65*0.18 
15.84f0.35 
13.7 iO.25 
14.66*0.15 
13.8 *0.8 
13.2 f0.63 
15.54f0.14 
14.63 f 0.48 
17.12*0.16 
13.43 f 0.22 
11.85*0.15 
11.23*0.15 
ll.l6*0.14 
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Fig. 2. Radioactive distribution of [U-C’*]4AB into different compounds in control and y-irradiated potato 
tubers. 

of the label was found in the compounds given in Fig. 2. As 
reported earlier [14], the pattern of radioactive distri- 
bution in different compounds was consistent with the 
contention that the 6AB shunt was operative in potato 
tubers. That is, 4-AB is formed from L-glutamate by the 
action of GDC and is further metabolized lo suazinate via 
succinate semialdehyde by the enzymes, 4-ART (4-AB 
transaminase, EC 2.6.1.19) and SSADH (succinate semi- 
aldehyde dehydrogenase, EC 1.2.1.24). It can be further 
seen from the Fig. 2 that y-radiation has enhanced the 4- 
AB breakdown and about a two-fold increase was found 
by24hrafterhmdiation.Afasterdecrease in radiolabel in 
4-AB in irradiated tubers was accompanied by faster 
increase in ‘*CO1 liberated, indicating that 4-AB catab- 
olism was activated all the way up to CO1 level by 
irradiation. 

4AB shunt enzymes 

In order to find out whether the enhanced 4-AB shunt 
operative in irradiated potato tubers was due lo the effect 
of y-radiation on 4-AB shunt enzymes. the activities of 
the three enzymes of the shunt were measured in ccll- 
free extracts of control and irradiated potato tubers. 
y-Radiation was found lo increase GDC activity of potato 
tubers and a maximum increase of about Z&fold (Fig. 3) 
was found on the fourth day after irradiation. On the 
other hand, there was no significant effect of y-radiation 
on CAB-T and SSADH activities in potato tubers, 
although CAB-T displayed a marginal increase (10-20 %) 
after irradiation (data not shown). 

DISCUSSION 

@radiation of potato tubers a1 a sprout inhibiting 
dose of 1OOGy accelerated the 4-AB shunt pathway by 
about 3-fold, but there was no significant accumulation of 
4-AB in irradiatal potatoes during storage. Our results on 
the CAB content of irradiated potatoes during storage are 
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Fig 3. Glutamate dcauboxylase activity in control and y- 
irradiated potato tubers during storage. 

in good agreement with the work reported by Takano 
et al. [ 131 but differ from the work of Jaarma [9]. Since 
the latter worker’s claim of 4-AB accumulation in ir- 
radiated potatoes was solely based on the data obtained 
with one dimensional paper chromatograms of potato 
crude extracts without any preliminary pur&zation step, 
these results may be vitiated by other interfering subst- 
ances present in the crude extracts. 

The increased rate of 4-AB formation from L-glutamate 
in irradiated potatoes in ofvo was well correlated with the 
increased GDC activity as measured in crude potato 
extracts in oitro. The mechanism(s) by which y-radiation 
increases GDC activity is not yet fully understood and 
regulation of GDC activity in potato tubers is complex 
[15]. However, there was no correlation between the 
increased breakdown of 4-AB as refIected by in oirro 
[ **C]4AB incorporation studies and the activities of the 
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catabolic enzymes, CAB-T and SSADH in potato crude 
extracts in vitro. There could be several reasons for this. 
Since GDC is known to be the key enzyme of the 4-AB 
shunt [16], steady state levels of 4-AB in potato tubers 
might be controlled by GDC rather than by CAB-T. It is 
also possible that the existing CAB-T activity in un- 
irradiated tubers is more than sufficient to channel 
additional 4-AB formed after irradiation. It is interesting 
to note that both GDC and CAB-T have pH optima of 5.8 
13, IS] and 9.0 [3] respectively, values which differ from 
the potato tuber cellular pH of 6.8. So the actual enzyme 
activities in uiw will be determined by the pH of the 
microenvironment surrounding the enzyme active sites. In 
any case, failure to detect free succinate semialdehyde in 
potato tubers [14] coupled with the fact that potato 
SSADH has an extremely low K, (5-10 PM) for succinate 
semialdehyde [unpublished data] suggests that a further 
increase of SSADH would not be required to convert any 
extra succinate semialdehyde formed after irradiation. 

4-AB metabolism in y-radiation stressed potato tubers 
differs from other plant tissues under various stress 
conditions 13-91 in one significant respect. Most other 
stressed plant tissues passively accumulate 4-AB as a 
result of an increase in 4-AB formation and/or a decrease 
in its utilization. Increased 4AB formation in stressed 
tissues is attributed either to the increased availability of 
t&tamate, the substrate for 4-AB forming enzyme 
[6,8,17] oran increaseinGDCactivity [3,4,7] or both. A 
decrease in cellular pH known to occur under stress 
conditions (especially anaerobiosis) [lo], is more 
favourable for GDC and unfavourable for CAB-T action, 
thus further elevating 4-AB levels and lowering its utiliz- 
ation. In addition, the last reaction of the 4-AB shunt 
catalysed by SSADH is oxygen sensitive and hence is 
blocked under anaerobic conditions. In contrast, y- 
radiation accelerated both processes, 4-AB formation and 
its further catabolism in potato tubers and there was no 
net 6AB accumulation in potatoes after irradiation. y- 
Radiation is known to deplete glutamate levels [9,18] and 
increase cellular pH [ 193 as a result of a decrease in citrate 
levels in potato tubers, both factors contributing to the 
prevention of 4-AB accumulation. 

Potatoes, immediately after irradiation, are in a tran- 
siently activated metabolic state which persists for 2-3 
days before the tubers go into a perpetual dormant state 
[ 18,20.21]. One of the most pronounced and immediate 
effects of radiation on potato tubers is a large increase in 
respiration, and 2-5-fold increases have been reported by 
different workers [ 18,22,23]. Enhanced operation of the 
4-AB shunt in irradiated potato tubers at a time when the 
tuber itself is in a highly active metabolic state indicates a 
dynamic role for the 4-AB shunt in the tuber physiology. 
One possible role that could be envisaged is that of 
channeling the additional 2-oxoglutarate formed as a 
result of increased respiration after irradiation of po- 
tatoes. Presence of high CAB-Z-oxoglutarate trans- 
aminase and SSADH in potato tubers (unlike other plant 
tissues [24-261) and their localization in mitochondria 
[4,14,20] where the tricarboxylic acid cycle occurs, also 
support this contention. Thus the carbon skeletons of 4- 
ABcould be actively contributing to the energy generating 
processes in the cell. Balax et al. 1211 have reported that 4- 
AB flux represents 8 % of the total tricarboxylic acid cycle 
in guinea pig brain slices but no similar information is 
available from plant sources. However, the presence of 
considerable amounts of 4-AB shunt enxymes in the post- 

mitochondrial supematants of crude potato extracts 
[4,14,20] indicates that 4-AB has some other, as yet 
undefined functions in the potato tuber. 

EXPERIMENTAL 

Phf material. Potato tubers (So&mum ta&rosum L., Kufri 
chandramukhi cultivar) were obtained from the local market 
within I month after harvest and were storal at room temp. 

Chendcals. L-[U-‘4CJ-Glutamate (130 mCi/mmol) and 
[U-“C]4AB (213 mCi/mmol) were obtainal from the Isotope 
Group, BARC (Bombay). Hyamine hydroxide was the product of 
New England Nuclear. Gabase and fine chemicals were from 
Sigma. All other reagents were of highest purity. 

y-frradiurion. y-Irradiation of potato tubers at a dose rate of 
35 Gy/min was done in a Gamma Cell 220 (Atomic Energy of 
Canada Ltd) in air and at room temp. and tubers rcceivai a 
sprout inhibiting dose of 100 f 20 Gy. 

Smrogc sludies. Healthy and well cured potatoes of uniform 
size were selaed and divided into two lotr One lot was 
y-irradiated, whereas the other lot served as control. Both lots, 
30 kg in each, were stored in well ventillated hard board boxes at 
room temp. (25-28”) and a relative humidity of 60-65x. The 
samples were inspected from time to timeand the tubers showing 
a tendency to sprout or rot were immediately ranoved. Samples 
were taken out at different time intervals for the determination of 
amino acid content. 

Drurmbdon ofmnino acid conwnI. Sliced potato tuber tissue 
(100 g) was extracted wilh ia cold 0.6 M HCIO. in a Waring 
blender (3 x 200 ml). After removal of acid insoluble material by 
centrifugation (I 5 Ooo 8,2O min. O-T), the amino acids in the acid 
extract were separated by pH adjustment to 7 with 1 M KOH, 
removal of KCIO, by antrifugation and ion exchange chromat- 
ography on Dowex-50 (H*form) Dowex-50 duates, after re- 
moval of alkali and concn, were used for the determination of 
amino acids. 4-AB was determined enxymatically using a com- 
mercial Gabasc preparation [28]. Since automatic amino acid 
analyscr using citrate buffers could not separate the dicarboxylic 
amino acids from their amides, glutamate and glutamine content 
of Dowcx-50 eluates was determined by making use of two 
principles [29]. The dicarboxylic amino acids were adsorbed on 
acid trcatal alumina (neutral alumina, Brookman activity 1 from 
National Chemical Laboratory, Punt was stirred in 1 M HCI for 
I min and then washai with Hz0 until free of acid) and were 
eluted with I M HCI. The soln from which the dicarboxylic 
amino acids have been removal was subjected to acid hydrolysis 
(loo”, I hr in 2 M HCI) to convert amides into dicarboxylicamino 
acids and the hydrolysatcs were rechromatographed exactly as 
bcforc. The method consistently gave greater than 98 % recovery 
of standard glutamate applied and the prescncc of large amounts 
of amida did not interfere in the separation. Glutamate prcscnt 
in the alumina column cluatcs was determined in the prcscncc of 
aspartatc by the colorimctric method of ref. [30]. This method, 
although less sensitive (in the range of l-8 mol), is highly specific 
for glutamate and aspartatqcvcn at 10 times highcrconc. did not 
interfere. 

Labelled studies with radioactive glutamate or 6AB, prcp- 
aration of cell fret extracts and 6AB shunt cnxymc assays wcrc 
carried out exactly as before [ 143. 

Protein &motion. Protein content of roll fret extracts was 
determined by the method of ref. [31]. 
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