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We have used radiation inactivation as a means of determining the 
molecular size of the high-affinity glutamate-binding site on rat brain 
synaptic membranes. The molecular size was 75,000 f  15,000 in the absence 
of glutamate and 263,000 -+ 34,000 in the presence of glutamate. These data 
may be interpreted as suggesting that the high-affinity glutamate-binding 
site is comprised of a number of subunits. The minimum sub-unit size 
detected by this method was 75,000 +- 15,000. 0 1985 Academic Press, Inc. 

L-glutamate is a potent excitant of neuronal cells and is probably the 

dominant excitatory neurotransmitter in the CNS (1,2). Electrophysiological 

(3,4) and radio-labelled ligand binding studies (5-7) indicate that there 

may be at least three distinct classes of receptor at the functional level. 

However, a single glutamate-binding protein of very small molecular weight 

has been solubilised and purified from rat and bovine brain (8-10). In this 

study we have applied the technique of radiation inactivation to gain 

information on the molecular size of the high-affinity glutamate-binding 

site on synaptic membranes. The technique of radiation inactivation has 

been widely employed to determine the molecular size of enzymes (11) and 

receptors (12-14). It is the only method which can be used to investigate 

the molecular size(s) of membrane-bound proteins/functions without prior 

solubilisation; the latter is very dependent on the availability of 

tight-binding probes or the presence of distinguishing receptor-associated 

functions. Radiation inactivation relies on the 'single-hit' hypothesis 

i.e. if one electron hits the protein, its function is completely destroyed. 
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It therefore follows that the remaining activity will decrease as a simple 

exponential function of dose 

X =XoemKr 

where X0 and X are the concentrations of target molecules before and 

after receiving a dose of radiation r. K is a constant proportional to the 

molecular mass of the molecule or target. An empirical equation relating 

dose to molecular size has been derived (15) 

Mr = 6.4 x lo5 

D37 

where Mr is the molecular size and D37 the dose of radiation at which 

37% of the activity remains. The equation is widely used and its validity 

borne out by the number of cytosolic and membrane proteins for which this 

procedure has either given the whole or partial molecular weight (11). It 

is suggested that the molecular size determined by radiation inactivation 

represents the 'functional unit' rather than the 'structural object' 

(11,16). Further information on the theory and empirical justifications of 

this method can be found in references 17, 18. 

Methods 

Whole brains from adult, male Wistar rats were excised and homogenised 
in 0.32 M sucrose buffered with 5 mM Hepes, pH 7.4. Following a slow 
spin at 750 x g for I5 min, the supernatant was spun at 27,000 x g for 15 
min. The pellet was resuspended in 0.32 M sucrose, layered onto a sucrose 
density gradient comprising 0.8 M and 1.2 M sucrose buffered with 5 mM 
Hepes pH 7.4 and then centrifuged at 48,400 x-g for 90 min. The 

- 

synaptosomes thus prepared were lysed in 5 mM Hepes pH 7.4 and the 
membranes spun down at 48,400 x g for 10 min, The membranes were washed a 
further three times in 5 mM Hepes pH 7.4 then finally resuspended in a 
small volume of buffer. GTTjtamate was added to half of this volume at a 
concentration of 50 AM. Small samples (approx. 0.3 ml; 1.5 mg protein; 0.9 
g original wet weight) were then rapidly frozen in liquid nitrogen and 
freeze-dried at 0.03 millibar for 24 h. 

The samples were maintained under vacuum during irradiation in the beam 
of 15-MeV electrons from a Phillips MEL SL 75-20 linear accelerator at the 
Department of Radiotherapeutics, New Addenbrooke's Hospital, Cambridge, 
England. The tubes containing the samples were pre-cooled and kept cool 
with a stream of dry-ice cooled air. The samples were not exposed to more 
than 5 mad without a period of cooling. These conditions together with the 
use of lyophilised membranes are designed to eliminate inactivation by free 
radicals (15,181. The dose of radiation was calibrated by:- 
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(a) Using the Perspex optical density method of Berry & Marshall (19). 

(b) The dose rate was 2 MRad/min and the dose was determined by an 
integrated current flow to earth from the aluminium support block. 

(c) Using acetylcholinesterase as an internal standard. 

The binding of C3H]-glutamate to the freeze-dried irradiated 
membranes was measured after washing 4 times in 5 mM Hepes, pH 7.4. 
Specific, high-affinity binding was defined as the amount of label that 
could be displaced by 1 mM cold glutamate. 

The binding of ['HI-glutamate to lyophilised membranes showed a 
single, saturable binding site; the Kd was the same as that reported for 
fresh membranes (359 + 133 nM) but the Bmax increased from 117 + 17 pmol/mg 
to 277 + 48 pmollmg (20). This appears to be due to the release of an 
inhibitor on lyophilisation; this inhibitor is removed by the washing 
procedure outlined above. 

Acetylcholinesterase was assayed by the method of Ellman et al - - 
(21). 

Protein was assayed by the method of Lowry et al (22) after - - 
precipitation with trichloroacetic acid. 

Results 

The data presented here show the results from two irradiations per 

dose, three samples per dose and condition (plus or minus glutamate) and 

triplicate assays for each sample. These data were fitted to a simple 

exponential by derivative-free non-linear regression. This number of 

irradiations and samples minimises the need for other methods of 

standardisation or calibration. 

The synaptic membranes which were freeze-dried in the absence of 

glutamate gave a molecular size of 75,000 + 15,000 (Fig. la); those 

freeze-dried in the presence of glutamate gave a molecular size of 263,000 

log of the remaining + 34,000 (Fig. la). For clarity, the figure shows the 

activity versus the rad 

non-linear regression. 

of glutamate suggests a 

iation dose; the line of best-fit was calculated by 

The increase in molecular size seen in the presence 

possible 'collision coupling' (cf. 23, 24) of 

receptor sub-units (effector molecules e.g. sodium channels) to the ligand 

recognition site. Although it is possible to calculate sub-unit numbers, 

such interpretations are problematic and should be viewed with caution. 
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Figure la shows the decrease in log % remaining activity of glutamate 
binding to lyophilised rat brain synaptic membranes versus the dose of 
radiation in megarads. The filled circles show the points obtained in the 
presence of glutamate and the open circles show the points obtained in the 
absence of glutamate. Figure lb shows the decrease in log % remaining 
activity of acetylcholinesterase in the same preparation of membranes versus 
the dose of radiation in megarads. The points were calculated from samples 
with and without added glutamate. Each point was calculated by 
derivative-free non-linear regression from the data; the error bars denote 
the standard deviation of the data from the predicted point. 

Since, from both electrophysiological and ligand-binding data, there 

would seem to be a number of excitatory amino acid receptors, for which 

glutamate is a substrate, our data would tend to suggest either (a) only one 

receptor sub-type was measured by this method (e.g. the aminophosphono- 

receptor 

ion with other 

butyrate receptor/binding site, see reference 7) or (b) the 

subtypes have similar molecular sizes. Further experimentat 

ligands may help to resolve this question. 

Our data suggest that if the glutamate-binding protein 

Michaelis (8-10; molecular weight 14,300) does represent the 

isolated by 

high-affinity 

glutamate binding site on synaptic membranes then (a) it is only a fragment 

of the whole, (b) it exists as aggregates within the membrane, (c) the 

method described here is measuring a protein aggregate. 

The molecular size of acetylcholinesterase was 161,000 f: 14,000 

(Fig.lb). This suggests that the 62 form of the enzyme predominates in 
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lyophilised synaptic membranes from rat brain (for review see 25). The size 

of Gl (the catalytic sub-unit, as determined by radiation inactivation, is 

75,000 (26) ; our results were consistently twice this value and unaltered 

by the presence or absence of glutamate. Hence although it is conceivable 

that our molecular sizes are larger than the real values, the relative 

alteration in size seen in the presence of glutamate remains. 

In conclusion the data presented here provide the first direct 

information on the molecular size of a high-affinity glutamate-binding site 

on synaptic membranes and its increase in the presence of glutamate. 
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