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SUMMARY 

Uptake kinetics for glutmmine were studied in several different neuronal 
prelmmfions (perlksrya prepared by gradient centrifu~tion, cultured cortical 
nmmms, cultured, Immmmbly glutanmtergic cerebell~ neurons, and brain 
prisms). In no case were any indications found of a high affinity uptake but 
a rather e ~  low affinity uptake did occur. A similar, equally efficient 
low affinity uptake ia~ however, found in utrocytes. Thus, no preferential 
glutamine uptake oc~m~ into neurons. It is, therefore, not likely that a net 
flow of glutamine takes place from utrocytes to neurons, compensating for 
the loss of TCA constituents when glutmmate and GABA are released. 

Studim of the metabolic fate of different radioactive precursors (e.g., g~u- 
con  and ~ )  have suggmt~d that the mature mammalian brain in vivo 

~partments' which might represent dif. 
bcellulaz structures (for details and refer- 
of this 'metabolic compattmentation' 

e n v i s a p a t a  ~ o f  GABA [31] or glutamate [4,5] from a 'large' presum- 
ably n ) a  ' S ~ "  px~mnsbly u t r ~ i c  co/mpaztment as well as a 
q ~ t !  ~ gf low of glutamine in the opposite direction, 
~ q ~ f i ~  ~m ~ ~ k o f t ~ ~ x y l i c  acid cycle (TCA) 

; ~~ tablished(for references see, e~., 13 and 15) 

m 

m 
4, 

~ more specifically in a s t r ~  [20] into this 
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We have previously d e m o n i z e d  an intense high affinity uptake of gluta- 
mate into normal a s t r ~  in pzhna~ cultures [ 14] as well as a high gluta- 
mine synthetase activity in these cells [27].  Also GABA is taken up and 
metabolized astz0cy~, ~ lower ~ 

synaptosomes [8,9], m o ~  in support of ~ ~ t O f  a ~ e r  of 
glutamate and GABA from neurons to astrocytes and of glutamine in the 
opposite direction. A recent ~ of a quite intense low affinity uptake of 
glutamine into the cultured ~ and of a ~ ~  h ~  glutaminme acti- 
vity in these ~elis [ 1 6 ~ ]  ~ ,  however, some doubt on the hypothesis of 

inte~e glutamine ~ to neurons. This is mpecklly 
so since no high ~ ~ : o f  g l u t m n i n e ~  to occur in synapto- 
somes [3~s ,as ]  ~though such an uptake has ~ ~ ~ z d  into b r ~  
[21, a preparation in which only tb~ neuronal uptake is suppoaed to persist 
[22].  

Whether or not glutamine preferentially is taken up into neurons, or maybe 
into certain (e4g., glutmnatergic) neurons is of crucial importance to confirm 
or refute the hypothesk of a quantitatively importm~ flow of glutamine 
from astrocytes to neurons. Therefore, the kinetics for glutamine uptake 
were, in the present study, invest/gated in neuronal perikarya obtained by 
gradient centifu~tion, in cultured cerebral ~ ,  ~ in cu,~un~ cere- 
bellsr, presumsbb/glutama~rgic, grsmfle cells, sml the uptake into brain 
prisms was reinvesti~ted. The Istt~ preparation wm u s ~  m a source of 
relatively undmm~ed ~ ~ ,  i.e., a sort of control, with the added 
advantage of a probably mainly neuronal uptake |22],  and ~ rem~n to ,  
study uptake both into culhn'ed neurons and into neuronal p e r i ~ a  
obtained by gradient centrlfugation was to use nmmmsl prepsraflon with 
widely different sources of  error. 

cultures ~ enriched in cerebellm' granule cells were obtained 
as described by Meuer [19] : ~ i l a  of 7-day-old DBA mice were removed, 
cut into small cubes, exposed to 0.05% ~ in Puck's solution st 37°C for 
10 rain and centrifuged for. ~Oth~ 10 ~ p : ~  X ~ medium. The 
p e i l e ~ c e l k  ~ seeded in ~ B p o l y ~  coated* Falcon plmtic 
d.ish~ (one dish ~ ~ ) m  a m ~  ~ ' .  ~ M  (4 tlmes endched in 
v i ~ :  2 ~  e ~ c h e d  ~ ~ n o  acids except , ~ ~ 2 ~ ) ,  
w h ~  ~ c o n ~ ~ i n ~  c o n c e n ~  ~ ~tmmium ( ~ . 5  ~ ) a n d  

m! (cf, ~ f ,  19~:The ~ ,  ~ which ~ e  the 

for 2 4 h ~  ~ for u ~  exTzliments ~ dayT. N ~  of s evemI~-  ~ 

t ~ r o ~ w ~  ~ t h  s ~  water ~ ~ k ' s  ~olution~ : ..... " ...... ~ ~' 
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ferent morphological appearances were observed in these culture~ indicating 
that no obvio~ selection of specific neurons had occurred. Bulk-prepared 
perikarya ~ obtained from adult W-~ rats as described by Hamberger 
and eoworkers [11,12,33]. Brain prisms (0.1 × 0.1 × 0.5 mm)  were prepared 
b y ~  o f a M c I l w ~  ~ o p p e  r from slices (0.5 mm thickness) cut from the 
lateral surface (one slice per hemisphere) of  adult Swiss mi?e [28]. 

For  ~ n t s  of  the uptake of  [ ~4C]glutamine (froi~n New E n g l ~ d  
Nuclear, Boston, MA), all preparations except brain pr is~s and neuronal 
perikarya were incubated ina modified MEM with ~ormal' concentrations 
o~ potamium and glucose and no p~ninobenzoic acid or in~sulin. Brain prisms 
and per ik~ya  were incubated in a saline phosphate-buffered (pH 7.4) medium 
containing 135 mM NaCI; 3.0 mM KCI; 1.0 mM CaCI~; 0.6 mM MgCI~; and 
6 mM glucose. This difference will, if anything, lead to  a relative overe~imate 
of the u p ~  into brain prisms and perikarya since g l u ~ n i n e  uptake b partly 
L~ibi ted by certain amino acids [6] .  The tissues were preincubated for 
30 rain in a medium with the selected glutamine concentration before the 
exposure to  the labelled glutamine; uptake rates were calctL~ated from the 
specific activity of the  medium and expressed relative to protein content, 
measured by a conventional Lowry technique [17].  

The time course for the uptake of '4C-labelled glutamine into cultured 
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lr~g. 1. Rate of glutamiae uptake iuto cortical mm~m as a function of time from the 
start of f~.tmbatioa, i~.; the exposure to z~C4abelled glutamine (0.1 raM). Results with 
8 J ~ .  ~ b y  vet~ieal ~ m ~ of three ~ m e n t s ,  where~s the 0.5-, 1- and 
1 5 ~  val,~ ~ mows a ~ ~ t .  

o), d u p e d  ~i~-~l ~-! neurons 
ttion (4) as a functio~ of the 
L-~ means of 4--5 experiments 

rsm~s. The curves are 
in the ~ext and 
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TABIJ  I 

v. -VXLU  CXlCULA   Tss oF _ 
~'PTAKE AT GLUTAMINB CONCI~D~TIONS ~ 5  AND 

1000 ~M (S000  10 ,000  ~M P O R ~ ~ )  BY 
O F A  UNIVAC 1110 . V.~ ~ ~ ~  ~ UPTAKE 

aATSS AT ~ OLOTAmNS c o H c z m ~ a ~ o s  • s ~  oF 

,, , , , ; . . . . . .  ~ '  , ' . . . .  • , 

nra~ ~ m .  
Nemna pernmTa 
Cortlal neurons in 

pronto7 ~ u z n .  
CerebeU,z S m . ~  

ee~ bt prbnsry 
~dtur~ 

S ~ ~ . o m , . "  

(nmol • m ~ "  - 

- -  , .  , , , . ,  , ;  , . . . ,  , . ~  

5.0 * 0 . 6  e 1 1 7 3  • 2.4 e 
1.4 ± 0 ~  .~L0.8 • 1J0 

V o . s  d 

(nmoi - min-' - 
m r '  protein) 

9.8 • 1~6 (5) 
2.8 ± 0.21 (4) 

9.0 • 0 J  28.2 • 1.9 3.9 ± 0.29 (4) 

~ prtmry 

0.7 • 0.08 l O J  • 0.8 4.4 ± 0.22 (2) 
0 .26 • 0.01 9 5.5 

S.8 ~ 0.5 5 0 3  • 12.6 6.4 z 0.69 (7) 
, 

*Indleat~ ~ published by ~ and Yorke [S ]. 
b Indicated results previom/y publkb~ by k h o ~ b o e  et al. [26]. 
eB.g.M, for £m and V a ~  were esJeuht~ on the b ~ k  of the means of the uptake 
rates at eaeh eoneentratlon. 

cortical neurons from a medium containing 0.I mM slutamine is shown in 
Fig. 1. The uptake is almost reetflinew, De., occurs at the initial velocity, 
for 2 m i n ; u n l ~ t h e  glutamine i s ~ U z e d  ~ t r ~ m l y  rapidly it is also 
concentrative, since the content of labelled ~ after lem than one rain 
exceeds I nmol/ms protein whieh, with a probable protein content of about 
100 mg/g wet wt., corresponds to 0.1 pmol/g wet wt. or approximately to 
the medium concentration of 0.I ~ ,  ~ experiments (results not pre- 
sented) showed concentrative ~ into brain prisms, neuronal l ~ ~ a ,  
and cerebelkr 8ranule cells in primary cultuzes; a c o n c e n ~  net uptake 
into . t r o c y t ~  has previously ~ described [26]. In all these preparations, 
initial uptake rates were o ~ f o r  at least about 2rain and 2.min incuba- 
tions were used for all subsequent expedmente. 

~ e  slut~dne u ~  i n t o ~  ~ ,  c o ~  neurons in ~ cul- 
tures, and n e u r o ~  ~ ,  as a function of  the g l ~ e  concentration 

]. 
Computer ~ s i s  (using. 11!0 c 0 m p ~ r  was 
.mine the curvm described ~ ~ e q u a t i o n , ~  most  closely ~ ~ the 
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ably glutamatergic cerebellar granule cells showed a lower Vma x thau in the 
cortical neurons and a K m of 0.7 ~ (Table I): even this K m is, however, 
almost one order of magnitude higher than the K m-values of less than abc, ut 
0.1 mM which are characteristic for high affinity uptakes. Uptake character- 
istics into synaptosomes have been determined by Baldessarini and Yorke 
[3] and zemind us of flmse into cerebellar granule cells (Table I). Kin- and 
Vmu-values for glutamine uptake into astrocytes in prmmry cultures have 
previously been determined by us [26], and are rather similar to those in the 
cor~mi neurons, but higher than those in the granule cells (Table I). 

The extmcellular g l ~ e  concentration in the brain may be as high as 
0.5 mM (cf. following paragraphs). The observed glutamine uptakes at this 
concentration are, therefore, indicated in the last column of Table I, which 
shows that the uptake into astrocytes is at least as high as into any neuronal 
preparation. 

No neuronal h i g h ~ t y  uptake of glutamine could be demonstrated in 
this study n~pmtless whether neurons had been obtained by either culturing 
or gradient cenh~ugafion, or whether neuronal uptake was studied in brain 
pzisms. These fiudinp are in agreement with previous observations that no 
high affinity uptake of glutamine occurs into synaptosomes [3~3,33] but 
at vsrimsce with the high ~ i t y  uptake of glutamine into brain prisms re- 
ported by Balcar and Johnson [2]. The results are probably representative 
for neurons in vivo. The only, remote, possibility that thiR might not be so 
is, if a deficient differentiation of the cultured celk and a mechanical damage 
of the neuronal perikstya and brain prisms both should abolish a possible 
high affinity uptake of glutamine without interfering with the low affinity 
uptake. 

The observed low-affinity uptake of glutamine into neurons could be quite 
efficient on account of a probably rather high exttacellular glutam/ne concen- 
traUon, u reflected by a glutamine level of 0.5 mM in cerebrospinal fluid 
(see mrs. 9,13,1§~6 and 33). The similar uptake characteristics in ~ s ,  
which constitute about one-third of the ceilular volume in the mammalian 
brain cortm~ [24], indicate, however, that a substantial amount of extracel- 
lulst glutamine will be accumulated into astrocytes rather than it, to neurons. 
This uptake into s s t rocy~  is known to r e ~ t  a net uptake, not a homo- 
exehsnp [26] * end obviously does not support the concept of a gtutamine 
transport from ~ to neurons, compensating for the pronounced 
neurone/releme of glutamate and GABA and the uptake of  these two amino 
acids into astrocTtes (see IntroductoW paragraph). The resulting conclusion 
must be that a net ~ r  of ~ A  comt/tuents probably does occur from 
neurons to a s t r ~ .  Such a net drain of TCA constituents from neurons 
would be fusible, p ~  it was compensated for by CO~ fixation, a pro- 
ceM to ~ quite actively in ~ [32]. An inten~ net flow of 
g l u ~ ~  ~ ~ . e a  might link these two cell types together 
in one metabolic comtmrtment. Evidence for this concept ~ similarities 
b e t w e e n ~  a j ~ n e u r m m l ~  compm'tment and the 'sman co~- 

d ~ m e d  ~ewhem [18]. 
which seems to  be concentrative 
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