
both Arg and Lys found in suppressed pro- 
tein (Table 1). Nucleotide C35 in the mid- 
dle of the anticodon is an identity candidate, 
as all known isoacceptors of tRNAArg con- 
tain this residue and it appears in all four 
dinucleotide combinations in the expecta- 
tion maximization algorithm (Fig. 1). In 
addition, chemical modification studies have 
demonstrated that C35 is important for the 
Arg acceptor activity of tRNAArg in vitro 
(18). 

From our results with suppressor 
tRNAArg, we conclude that nucleotide 
A20 in the tRNAs of FTORl and 
PHEA20U20aA59 contributes to the pro- 
ductive interaction with Arg-tRNA synthe- 
tase. Further, the minor amounts of amino 
acid other than Arg found in suppressed 
protein produced by FTORl and 
PHEA20U20aA59 may reflect the absence 
of C35 in these tRNAs. It is puzzling 
that both FTORl and PHEA20U20aA59 
tRNAs inserted more Arg and less Lys in 
suppressed protein than did tRNAArg (75% 
versus 37% Arg, respectively), but this may 
reflect different distributions in tRNAPhe 
and tRNAArg molecules of nucleotides that 
repel the Lys-tRNA synthetase. Finally, nei- 
ther the FTORl tRNA nor tRNAArg has 
been examined to determine whether nucle- 
otide U20a, which is adjacent to A20, con- 
tributes to acceptor identity other than serv- 
ing as a structural spacer between the con- 
stant nucleotides at positions 18 and 21; 
likewise, positions where tRNAArg and the 
FTORl tRNA share the same nucleotide 
(Fig. 2) have not been examined. 

An inspection of all available nucleotide 
sequences of tRNAArg (16) reveals that resi- 
due A20 is conserved in life forms except in 
yeast. This regularity may reflect a conserved 
feature of the acceptor identity of tRNAArg. 
The observation that nucleotide 20 contrib- 
utes to the acceptor identity of E, coli 
tRNAArg was anticipated from structural 
and theoretical considerations by Klug and 
co-workers (8). It was noted that the nucleo- 
tides at positions 16, 17, 20, 59, and 60 
form a patch that arches out from the molec- 
ular surface of yeast tI2bTAPhe (Fig. 4B). The 
nucleotides in this patch segregate separately 
from a neighboring cluster of conserved 
nucleotides; further, there is variation in the 
number and type of nucleotides within the 
patch. Thus it was proposed that the patch 
constitutes a variable pocket that is part of a 
recognition system used to discriminate dif- 
ferent tRNAs, possibly by the aminoacyl- 
tRNA synthetases. The involvement of the 
variable pocket in acceptor identity is not 
limited to tRNAArg, as recent reports have 
also demonstrated that, in addition to the 
anticodon (6, 18) and acceptor stem (1, 3, 5, 
9, 1 1-13,22), one or more nucleotides in the 

variable pocket contributes to the acceptor 12. J. E. cehs, M. L. Hooper, J. D. Smith, Nature New 
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Deficit of Spinal Cord GlycineIStrychnine Receptors 
in Inherited Myoclonus of Poll Hereford Calves 

Inherited myoclonus of Poll Hereford calves is characterized by hyperesthesia and 
myoclonic jerks of the skeletal musculature, which occur spontaneously and in 
response to sensory stimuli. The disease shows autosomal recessive inheritance, and 
significant proportions of the Poll Hereford herds in many countries are thought to be 
carriers of the mutant gene. Studies revealed a specific and marked (90 to 95 percent) 
deficit in [3H]strychnine binding sites in spinal cord membranes from myoclonic 
animals compared to controls, reflecting a loss of, or defect in, glycinelstrychnine 
receptors. Spinal cord synaptosomes prepared from affected animals showed a signifi- 
cantly increased ability to accumulate [3H]glycine, indicating an increased capacity of 
the high-affiity neuronal uptake system for glycine. In contrast, stimulus-induced 
glycine release and spinal cord glycine concentrations were unaltered. 

I NHERITED CONGENITAL MYOCLONUS 

of Poll Hereford and Poll Hereford 
cross calves has been reported in the 

United States, Australia, New Zealand, and 
England (1). This disease, previously (and 
erroneously) known as neuraxial edema, is 
characterized by hyperesthesia and myo- 
clonic jerks of the skeletal musculature, 
which occur spontaneously and in response 
to tactile, visual, and auditory stimuli (2). 
Since tactile stimuli are sufficient to trigger 

symptoms are unaltered by antiepileptic and 
anticonvulsant drugs at therapeutic doses. 
However, the symptoms of the disorder 
suggest a failure of spinal interneuron inhi- 
bition and are similar to those in subconvul- 
sive strychnine poisoning. Strychnine blocks 
the synaptic action of the inhibitory amino 
acid transmitter glycine (4) by interacting 
with the postsynaptic glycine receptor (5). 
We now report what we believe is the major 

convulsions, affected animals are unabgto 
A. L. Gundlach, P. R. Dodd, C. S. G. Grabara, W. E. J. stand feed and, Watson, G. A. R. Johnston, Department of Pharmacolo- 

survive. Breeding experiments show that the gy, The University of Sydney, Sydney, N.S.W. 2006, 
Australia. disease is inherited in an autosomal recessive P, A, W, Harper, J. A, Dennis, P, J ,  Veterinary 

manner (3). No significant pathological le- Laboratories, New South Wales Department of Agricul- 

sions are observed in the central "re' Glenfield, N.S.W. 2167, Australia. 

system of affected animals (2). The clinical *To whom correspondence should be addressed. 
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biochemical lesion of the disorder: a specific 
and marked loss of, or defect in, spinal 

calves (unaffected Poll Hereford and male vealed that the reduction in [3H]strychnine 
Friesian and Illawarra Shorthorn calves) bindiig occurred throughout the dorsal and 

glycinetstrychnine receptors (6). In addi- 
tion, synaptosomal preparations prepared 
from affected animals have a specific and 
significantly increased ability to accumulate 
[3~]glycine, indicating an increased capaci- 
ty of the high-aflinity neuronal uptake sys- 
tem for glycine. In contrast, the spinal cord 
concentration of glycine (and other amino 
acids) and the stimulus-induced release of 
glycine and other neurotransmitter amino 
acids were unaltered. The characteristics of 
this bovine disorder show several similarities 
to those described for the mutant mouse 
spastic (7). 

Affeaed calves of both sexes (3 to 10 days 
&er birth) were obtained from the Veteri- 
nary Laboratories breeding herd or from 
cattle breeders in New South Wales and 
V i d a  and were fed regularly (three times 
per day) on whole milk. Aged-matched 

0.00 I 
0 50 100 150 200 

Specific [3H]strychnine bound (pM) 

B Other breeds 
E3 Unaffected Hereford 

Fig. 1. [3H]Stry~hnine biding to spinal cord 
from nomal and myoclonic calves. (A) Scatchard 
plot of specific [3H]strychnine binding (24) to 
lumbar spinal cord membranes. Strychnine con- 
centrations ranged from 1 to 35 nM. Data are 
derived from duplicate determinations of total 
and nonspecific (in the presence of 10 rnM gly- 
cine) binding, and the results from two different 
control membrane preparations are shown. Iden- 
tical results were obtained in four similar indewn- 

200- 

dent experiments. (B) Comparison of specific 
r3Hlsavchnine bidine concentrations in lumbar 

(10) 

. . ,  
regions of myoclonic &d unaffected (normal Poll 
Hereford and other breeds) calves collected be- 
tween 1982 and 1987. Values are the mean + SE 
of the number of animals given in parentheses. 
The density of binding is significantly reduced in 
the mydonic samples (Student's t test, 
P < 0.001). 

(1) rn Myoclonus Hereford 
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were used as controls (8). [3~]~trychnine 
bound specifically to a single, high-&ity 
site in spinal cord membranes prepared fiom 
all regions of spinal cord of control animals, 
including the lumbar region (Fig. 1A). The 
mean dissociation constant (Kd) was 
4.82 + 0.25 nM (n = 13) and the maxi- 
mum number of binding sites (B,,) for the 
lumbar region was 355 2 40 fmoI/mg of 
protein (n = 8). (Error limits throughout 
this report are + SE of the reported value.) 
The Hill coedicient was 1.00 + 0.03 
(n = 13), indicating the absence of cooper- 
ativity and the presence of only one popula- 
tion of sites. Glycine inhibited [3H]strych- 
nine binding with an inhibition constant 
(ICSo) of 35 @f. These results are in good 
agreement with those reported for 
[3H]strychnine binding to rodent spinal 
cord tissue (5, 9). However, specific 
[3~]stry~hniie  binding was significantly re- 
duced in membranes from affected calves, 
beiig only 5 to 10% of control levels (at a 
[3~]strychnine concentration approximate- 
ly equivalent to the control Kd value) in 
samples collected as early as 1982 (Fig. 1B). 
This reduction in binding was unlikely to be 
due to a decrease in ligand &ty for the 
receptor because in experiments designed to 
measure the Kd of binding, only very low 
levels of specific binding t6 bo& crude and 
myelin-free synaptic membranes (10) were 
detected in affected calves, even at 
[3H]strychnine concentrations as high as 35 
nM. No change in Kd for [3~]stry~hnine 
biding was reported in the mutant mouse 
spastic (11, 12). All unaffected Hereford 
calves, including a number of obligate het- 
erozygotes, showed identical levels of 
[3~]strychnine binding, indicating there is 
no partial expression of the disorder in 
heterozygotes. Autoradiographic studies re- 

ventratralspinal cord of m~oclonus calves (Fig. 
2, A and B) as well as along the cervical- 
lumbar axis and in the pons-medulla (13). In 
contrast, the dismbution of [3~]flunitraze- 
parn binding to benzodiazepine receptors 
was identical in myoclonic and control spi- 
nal cord sections (Fig. 2, C and D). 

To determine whether the alteration was 
selective for the glycine receptor, we mea- 
sured radioligand binding to other receptor 
sites. In the mutant mouse spastic, increases 
in the amount of other receptors, such as the 
y-aminobutyric acid (GABA)-bed-  
azepine receptor complex have been de- 
scribed (1 1, 14, 15). However, we did not 
detect any sigmficant alteration in the aflini- 
ty or number of [3~]flunitrazepam binding 
sites. Similarly, in spinal cord membranes, 
biding parameters-for GAB& receptors 
and muscarinic acetylcholine receptors were 
not significantly altered (16). 

~ e i u s e  the postsynaptic receptor forms 
only part of the signal transduction mecha- 
nism, we also investigated kinetic processes 
reflecting presynaptic aspects of glycinergic 
neurotransmission. The postsynaptic action 
of amino acid transmitters is terminated by 
reuptake into surrounding structures (17). 
Sodium-dependent uptake of [3~]glycine 
into purified synaptosomes (18) prepared 
from frozen bovine spinal cord was high 
a f i t y  and saturable (Fig. 3A). The maxi- 
mum rate (V,,,,) of [3~]glycine uptake in 
synaptosomes from myoclonic animals was 
sigtllficantly higher (240% of control), but 
there was no sigmficant alteration in the 
aliinity of glycine for the uptake carrier. The 
specificity of this effect is shown by the fact 
that kinetic parameters of [3~]glutarnate 
uptake were unchanged in the same synap- 
tosomal preparations (Fig. 3B). This in- 
crease in the capacity of the glycine trans- 

Fig. 2. Autoradiographic localiza- 
tion of [3H]snychnine and 
[3H]flunitrazepam binding in lum- 
bar spinal cord from normal and 
myoclonic calves (25). (A and 
(B) Distribution of [3H]strychnine 
binding in lumbar cord from nor- 
mal and myoclonic calves, respec- 
tively. Nonspecific binding of 
r3ul-.A...;-- t i -  .I.- -C 

10 a glycine) images 
(data not shown) essentially equiv- 
alent to binding in sections from 
myoclonic calves. (C and D) Dism- 
bution of [3H]flunitrazepam bid-  
ing in spinal cord of normal and 
myoclonic calves, respectively. Sim- 
ilar results were obtained from sec- 
tions from other regions of spinal 
cord and from the pons-medulla 
from one to three anhals in each group. Bar, 1 mrn. 
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porter may be a compensation for the lack of 
postsynaptic receptors. 

In contrast, both potassium- and vera- 
trine-stimulated endogenous glycine release 
from purified synaptosomal preparations 
was not significantly different in myoclonus 
and control cases (Fig. 3C). In both cases, 
stimulus-induced release was restricted to 
the transmitter amino acids glycine, gluta- 
mate, and GABA, whereas physiologically 
inactive compounds such as alanine were 
not released (Fig. 3C) (19). Furthermore, 
the total tissue concentrations of glycine and 
other transmitter amino acids were unal- 
tered in myoclonus spinal cord (Fig. 3D). In 
fact, none of 20 amino acids measured were 
altered (Fig. 3D) (20). Although no detailed 
studies of amino acid transmitter uptake and 
release in spinal cord preparations from mu- 
tant mouse spastic have been reported, there 
is preliminary evidence of a 40% increase in 
glycine uptake (21). 

Recent advances have suggested a molec- 
ular mechanism for the manifestation of the 

0 40 80 

v(nmol/min per 100 mg of protein) 

glycine receptor deficit in spastic mouse (12, 
22). The glycine receptor is localized to the 
synaptic cleft, as judged by glycine receptor 
antibody irnrnunohistochemistry, and the 
receptor is structurally similar in both con- 
trol and spastic mice (12, 22). Thus it is 
suggested that the mutation occurs in a 
regulatory gene that controls the expression 
or stability of the glycine receptor. Receptor 
isolation and glycine receptor antibody 
studies with bovine spinal cord should help 
to elucidate the nature of the receptor or 
gene alteration in myoclonic Poll Hereford 
calves. The recent availability of comple- 
mentary DNA probes for the strychnine 
receptor binding subunits (23) should allow 
quantitation of the messenger RNA coding 
for the receptor subunits and may assist in 
defining the lesion responsible for this dis- 
ease. This type of molecular approach may 
lead to the development of a simple diagnos- 
tic test for the heterozygote and thereby 
facilitate prevention of this condition in Poll 
Hereford cattle. 
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Fig. 3. Amino acid uptake and release and tissue concentrations in spinal cord o f  normal and myoclonic 
calves. (A and B) Eadie-Hofstee plots of  [3H]glycine and [3H]glutamate uptake, respectively, measured 
in spinal cord synaptosomes from normal and myoclonic Poll Hereford calves (26). For  [3H]glycine 
uptake, Km = 38 r 10 and 4 0  r 10 )LM (NS), and V,,, = 37 r 7 and 8 8  * 1 6  nmoVmin per 100  mg 
of  protein ( P  < 0.05), for control (n = 3) and myoclonus (n = 4), respectively. For  [3H]glutamate 
uptake, Km = 8.4 t 0.9 and 7.8 k 0.9 )LM (NS), and V,,,',,, = 119 t 9 and 116 r 1 0  nmoVmin per 
100 m g  of  protein for control and myoclonus, respectively. Initial velocity of  uptake, v ;  and substrate 
concentration, [S] (pA4). (C) Veratrine (Vx)- and potassium (K+)-stimulated release of  glycine and 
other amino acids from spinal cord synaptosomes (27). Glycine and GABA release were significantly 
( P  < 0.05, t test) enhanced by depolarizing stimulation, although differentially affected by the two  
stimuli. However, there was n o  statistically significant difference between control and myoclonus in 
either the extent o r  pattern o f  release. Results represent mean r SE (19). (D) Amino acid concentra- 
tions in spinal cord of  myoclonic and normal calves. Total tissue amino acid concentrations were 
determined in perchloric acid extracts (28) of  thoracic spinal cord (n = 5 )  from normal and myoclonic 
calves (20). Data are presented for glycine (Gly), glutamate (Glu), y-aminobutyric acid (GABA), 
alanine (Ala), and glutamine (Gin). 

Our findings suggest that the deficiency 
of normal inhibitory glycine receptors in 
spinal cord is sufficient to explain the clinical 
signs of this genetic myoclonic disorder. 
These myoclonic calves provide a useful 
model for investigating the plasticity of vari- 
ous components of other neurotransmitter 
systems in the functional absence of the 
major spinal inhibitory system. 

REFERENCES AND NOTES 

1. D. C. Blood and C. C. Gay, Aurt. Vet .  J. 47, 520 
(1971); G. B. Davis, E. J. Thompson, R. J. Kyle, 
N . Z .  Vet. J. 23, 181 (1973). 

2. P. A. W. Harper, P. J. Healy, J. A. Dennis, Vet .  Rec. 
119, 59 (1986); D. R. Cordy, W. P. C. Richards, 
C. Stonnont, Pathol. Vet. 6, 487 (1969). 

3.  P. J. Healy, P. A. W. Harper, J. K. Bowler, Res. Vet. 
Sci. 38, 96 (1985); B. F. Chick, F. L. Clarke, S. 
Chambers, N . S . W .  Vet .  Proc. 16, 62 (1980); C. 
Donaldson and R. W. Mason, Aust. Vet .  J .  61, 188 
(1984). 

4. D. R. Curtis and G. A. R. Johnston, Ergeb. Physiol. 
69, 97 (1974). 

5. A. B. Young and S. H. Snyder, Proc. Natl.  Acad. Sci. 
U . S . A .  70, 2832 (1973); Mol.  Pharmacol. 10, 790 
119741. 
\ -  - 2  

6. The term glycinelstrychnine receptor is used to 
delineate the receptor in spinal cord and brainstem 
that mediates the inhibitory effects of glycine (4) 
from the recently described receptor site for glycine 
associated with potentiation of the neuronal re- 
sponses to glutamate and N-methyl-D-aspartate 
(NMDA) at NMDA receptors [J. W. Johnson and 
P. Ascher, Nature 325, 529 (1987); E. H. F. Wong, 
A. R. Knight, R. Ransom, Eur. J. Pharmacol. 142, 
487 (1987); D. W. Bonhaus, B. C. Burge, J. 0. 
McNamara, ibid., p. 489; I .  J. Reynolds, S. N. 
Murphy, R. J. Miller, Proc. Natl.  Acad. Sci. U . S . A .  
84, 7744 (1987)l. 

7. The mutant mouse spartic, described by C. K. Chai 
U. Hered. 52, 241 (1961)], is characterized by a 
motor function disorder related to impaired post- 
synaptic, glycine-mediated inhibition in spinal cord 
[T. J. Biscoe and M. R. Duchen, J .  Physiol. London 
379, 275 (1986)l. 

8. Animals were killed by a captive bolt and the spinal 
cord removed and frozen on dry ice, or slow-frozen 
in 0.32M sucrose and stored at -70°C as described 
[P. R. Dodd et al., Neurochem. Pathol. 4, 177 
(1986)l. 

9. A. L. Gundlach and P. M. Beart, Neurorci. Lett. 22, 
289 (1981). 

10. P. R. Dodd et al. ,  Brain Res. 226, 107 (1981). 
11. W. F. White and A. H.  Heller, Nature 298, 655 

(1982); W. F. White, Brain Res. 329, 1 (1985). 
12. C:M. Becker, I .  Hermans-Borgmeyer, B. Schmitt, 

H .  Betz, J .  Neurorci. 6, 1358 (1986). 
13. Sections from pons-medulla and cervical and thorac- 

ic cord from one to three animals of each group, 
processed identically to lumbar sections, yielded 
similar results. 

14. T. J. Biscoe, J. P. Fry, I. L. Martin, C. Rickets, J .  
Physiol. London 317, 32P (1981). 

15. T. J .  Biscoe, J. P. Fry, C. Rickets, ibid. 352, 509 
(1984). 

16. [3H]Flunitrazepam (90.0 Ciimmol; DuPont Bio- 
technology Systems) binding was measured by pre- 
viously reported procedures [A. L. Gundlach and G. 
A. R. Johnston, Neurochem. Znt. 12, 533 (1988)l. 
Membranes were frozen, then thawed and rewashed 
and prepared identically to those used in [3H]strych- 
nine binding experiments. Binding parameters for 
myoclonus (n = 8) and control spinal cord ( n  = 8), 
respectively, were Kd = 1.72 t 0.06 (SE) and 
1.80 i: 0.07 nM; and B,,, = 109 i: 7 and 93 -t 10 
frnol/mg of protein; not significant (NS) by t test in 
both cases. No significant differences in binding 
were seen between myoclonus and control for 
[3H]muscimol binding to GABAA receptors in syn- 
aptic membranes [J. E. Maddison, P. R. Dodd, G. 
A. R. Johnston, G. C. Farrell, Gastroenterology 93, 

30 SEPTEMBER 1988 REPORTS 1809 



1062 (1987)] and ['251]3-quinuclidinyI-4-iodo-ben- 
d a t e  binding to muscarinic receptors in crude mem- 
branes [R. E. Gibson et dl.. Life Sci. 34, 2287 
(1984)]. 

17. L. L. Iversen and G. A. R. Johnston, 1. Neurochem. 
18, 1939 (1971); G. A. R. Johnston and L. L. 
Iversen ibid., p. 1951; W. J. Logan and S. H. 
Snyder, Brain Res. 42, 413 (1972). 

18. J. A. Hardy et al., 1. Neurochem. 47, 460 (1986). 
19. In release experiments potassium or veratrine also 

failed to release several other nontransmitter amino 
acids including taurine, threonine, serine, valiie, 
leucine, isoleucine, tyrosine, phenylalanine, histi- 
dine, lysine, and arginine. 

20. Concentrations of many other amino acids including 
taurine, threonine, serine, valine, methionine, leu- 
cine, isoleucine, tyrosine, phenylalanine, histidine, 
lysine, and arginine were also measured and found 
to be identical in unaffected and myoclonus spinal 
tissue (NS by t test). 

21. W. F. White and A. H. Heller, Soc. Neurosci. Abstr. 
8, 159 (1982). 

22. H. Betz et al., Biochem. SOL. Symp. 52, 57 (1986). 
23. G. Grenningloh et dl., Nature 328, 215 (1987). 
24. Spinal cord membranes were prepared essentially as 

described (9). Frozen tissue was thawed, homoge- 
nized in 0.32M sucrose, and centrifuged at 27,000g 
for 20 min. The pellet was then washed three times 
by resuspension in distilled water and resuspended 
at 20 mg (original wet weight) per milliliter in 50 
mM sodium potassium phosphate buffer, pH 7.4, 

containing 200 mM NaCI, for use in binding assays. 
['H]Sqchnine (30.0 Cilmmol, Amersham; 1 to 35 
nA4 or 4 nM plus 1 to 1000 nM unlabeled suych- 
nine) was incubated with membranes in a final 
volume of 0.5 ml for 15 rnin at 4°C. Nonspecific 
binding was measured in the presence of 10 mM 
glycine. Incubations were terminated by filtration 
onto glass fiber filters (Schleicher Schuell, no. 32), 
and samples were rapidly washed three times with 3- 
ml aliquots of ice-cold 0.15M NaCI. Filter-bound 
radioactivity was measured by scintillation spec- 
trometry. Data were analyzed with the computer 
programs EBDA and LIGAND [G. A. McPherson, 
Comput. Programs Biomed. 67, 107 (1983)l to obtain 
values for Kd and B,,,. 

25. For ['Hlsuychnine autoradiography, sections (10 
( ~ m )  were incubated for 30 min at room tempera- 
ture in 50 mM sodium potassium phosphate buffer, 
pH 7.4, containing 200 mM NaCI, and then with 3 
nM ['H]sqchnine in the same buffer, in the ab- 
sence and presence of 10 mM glycine for 25 min at 
4°C. Sections were washed for 4 min in ice-cold 
buffer and dried [M. A. Zarbin, J. K. Wamsley, M. J. 
Kuhar, 1, rjeurosci. 1, 532 (1981)l. For [3H]fluni- 
trazepam, sections were processed as described [J. 
R. Unnerstall, M. J. Kuhar, D. L. Niehoff, J. M. 
Palacios, 1. Pharmarol. Exp. Ther. 218, 797 (1981); 
(16)]. Autoradiograms were produced by apposing 
labeled sections to Ultrofilm (LKB) for 8 to 12 
weeks for both ['H]suychnine and ['Hlflunitraze- 
Pam. 

Synaptic Transmission Between Dissociated Adult 
Mammalian Neurons and Attached Synaptic Boutons 

In most studies of synaptic currents in mammalian central neurons, preparations have 
been used in which synaptic currents are recorded at some distance from the synapse 
itself. This procedure introduces problems in interpretation of the kinetics and voltage- 
dependent properties of the synaptic current. These problems have now been overcome 
by the development of a preparation in which presynaptic vesicle-containing boutons 
have been coisolated with the soma of individual neurons, thus providing the 
opportunity to study synaptic currents under conditions of both adequate voltage 
control and internal ionic perfusion. Spontaneous synaptic currents mediated by y- 
aminobutyric acid and excitatory amino acids were recorded from neurons isolated 
from a mammalian medial solitary tract nucleus. Calciurn- and depolarization- 
dependent spontaneous currents of several to hundreds of picoamperes occurred with 
rapid rise times of 0.8 to 3 milliseconds and decays at least ten times as long. 

T HE USE OF DISPERSED ADULT MAM- 

malian neurons to characterize the 
properties of central neurons is be- 

coming widespread (1). Normally, the syn- 
aptic inputs can only be determined indi- 
rectly through the response to application of 
exogenous transmitter substances. Howev- 
er, we report here a neuronal isolation pro- 
cedure that leads to retention of synaptic 
function. 

Neurons isolated from the medial, dorso- 
medial, and comrnissural subnuclei of the 
medial nucleus tractus solitarius (MNTS) 
had cell bodies 10 to 13 pm in diameter and 
bipolar processes of 10 to 100 pm (Fig. 
1A). A similar morphology is predominant 
in stained sections from the MNTS (2). 
Structures were apparent that were the syn- 

aptic endings of the in vivo afferent inputs to 
these neurons (Fig. 1B). These boutons 
have retained vesicles believed to be associat- 
ed with neurotransmitter release. Retention 
of vesicles was dependent on isolation and 
incubation of the tissue in a low Ca2+ (0 to 
200 p m  and high ~ g ~ +  (5 a) solution, 
rather than solu~ons containing 1 to 2 mA4 
ca2+ as used by others (1). 

Neurons with neurites shorter than 20 
pm were selected for our patch clamp stud- 
ies. These neurons had capacitive charging 
currents with single time constants and an 
average capacitance of 6 to 8 pF. These 
capacitances are consistent with values ex- 
pected from an ellipsoid geometry and an 
assumed specific capacitance of 1 FF/cm2 
(3). These conditions ensure adequate tem- 

26. Synaptosomes were purified from 10% homoge- 
nates of rapidly thawed tissue in 0.32M sucrose as 
described (10) and resuspended in ice-cold 0.32M 
glucose. In each preparation, the sodium-depen- 
dent, high-affinity uptake of both ['H]glycine (19.0 
Ciimmol, Amersham) and [3H]glutamate (53.0 Cii 
mmol, Arnersham) were measured by incubating 
synaptosome suspensions in Krebs-Hepes buffer for 
2 min at 37°C; control incubations were carried out 
in medium in which all sodium ions were replaced 
by tris (18). 

27. For release studies, syflaptosomes (10) were incubat- 
ed at 37°C for 20 nun in Krebs-bicarbonate bufer 
containing 2.5 mM Ca2+. Portions of KC1 solution 
(to give a final concentration of 47.5 mM) or 
veratrine solution (to give a final concentration of 
75 pM) were then added, and the incubation con- 
tinued for an additional 10 min. Addition of NaCl 
solution or normal medium served as the respective 
controls. Amino acid levels were determined in 
acidified samples of medium, after brief centrifuga- 
tion at room temperature, on a Varian high-per- 
formance liquid chromatograph by means of cation 
exchange in lithium buffers and post-column deriva- 
tization with ortho-phthalaldehyde. 

28. A. Saifer, Anal. Biochem. 40, 412 (1971). 
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poral and spatial control of postsynaptic 
membrane potentials for the currents we 
investigated: " 

Both spontaneous inward and outward 
current deflections were observed in these 
neurons at a holding potential of -40 mV, 
which in their rapid onset and slow decay 
resembled synaptic currents (4, 5 ) .  Previous 
electrophysiological and histochemical ex- 
periments were consistent with the possibili- 
ty that glutamate, or an analog of glutamate 
(6), and y-aminobutyric acid (GABA) (7)  
were neurotransmitters in the MNTS. 

The inhibitory amino acid, GABA (4, 
and the excitatory amino acids (EAA), glu- 
tamate or its structural analogs (9), are 
proposed to be the major transmitters at fast 
synapses in the mammalian brain. GABA 
activates a C1- conductance at the GABAA 
receptor (8, 10). Glutamate is an agonist for 
multiple receptors that activate nonspecific 
cation conductances (9, 11). In our condi- 
tions, the CI- reversal potential was - -90 
mV and, if equal permeabilities for Nat, 
K+, and Cs+ (12) are assumed, the cation 
reversal potential was -0 mV. At a mem- 
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