
mimicry by HSV-1 (KOS) is essential for 
disease induction in genetically susceptible 
hosts under all circumstances. Mimicry 
~nechanislns may be particularly important 
in  translating relatively low level viral in- 
fections into an autoimmune resDonse. In- 
fections by higher concentrations'of HSV-1 
(KOS) or bv more virulent strains of HSV-1 
may induce inflammatory responses that are 
sufficient to ~ r o v o k e  autoimmune disease 
without the need for molecular mimicry. A 
cornparison of HSK in transgenic mice with 
T cells that carry a receptor specific for an 
HSV-1 (KOS) viral peptide miinic or a n  
unrelated peptide should further clarify the 
relative roles of miinicrv and inflammation 
in the pathogenesis of &ally induced auto- 
iminune disease. 
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An Area Specialized for Spatial Working Memory 
in Human Frontal Cortex 

Susan M. Courtney," Laurent Petit, Jose Ma. Maisog, 
Leslie G. Ungerleider, James V. Haxby 

Working memory is the process of maintaining an active representation of information 
so that it is available for use. In monkeys, a prefrontal cortical region important for spatial 
working memory lies in and around the principal sulcus, but in humans the location, and 
even the existence, of a region for spatial working memory is in dispute. By using 
functional magnetic resonance imaging in humans, an area in the superior frontal sulcus 
was identified that is specialized for spatial working memory. This area is located more 
superiorly and posteriorly in the human than in the monkey brain, which may explain why 
it was not recognized previously. 

Studies of working memory in monkeys (1 ) 
and humans (2-7) have emphasized the 
important role of the prefrontal cortex. 
Physiological evidence for this role comes 
from studies demonstrating sustained activ- 
ity in prefrontal cortex during working 
lnemory delays (1, 6-8). In monkeys, the 
dorsolateral prefrontal cortex within and 
surrounding the principal sulcus appears to 
be involved primarily in working memory 
for spatial locations, whereas the region 
ventral to it on  the inferior convexity ap- 
pears to be more involved in working mem- 
ory for patterns, colors, objects, and faces 
(1, 9). The  prefrontal region for spatial 
working lnemory in monkeys is located just 
anterior to a region for the control of eye 
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movements, the frontal eye field (FEF), 
which is on  the anterior bank of the arcuate 
sulcus 11 0). ~, 

Most functional brain imaging studies of 
spatial working memory In humans have 
focused on  the dorsolateral frontal region 
defined by Brodmann as area 46 (5,  1 1,  12), 
because the spatial working memory region 
in monkevs lies within that area 11 3 ) .  
While pe;formance of spatial wo;king 
memory tasks activates Brodmann area 
(BA) 46 (5,  1 1 ,  12), performance of work- 
ing memory tasks involving other types of 
information, such as verbal and visual ob- 
ject information, does so as well [for exam- 
ple, see (3, 6 ,  7, 12, 14, 15)]. Therefore, 
the existence of a prefrontal cortical area in 
humans that is specialized for spatial work- 
ing memory has been questioned [for exam- 
ple, see (16)l. 

Here we provide evidence that a human 
frontal area specialized for spatial working 
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interest (middle frontal cortex and inferior 
frontal cortex) based on anatomic criteria 
(23). 

All subjects showed sustained activity 
during spatial working memory delays (re- 
gressor 6)  (Fig. 1)  in dorsal frontal cortex. 
Within dorsal frontal cortex, all subjects 
had a more extensive region of sustained 
activity in the superior frontal sulcus than 
in the precentral sulcus. Across subjects, 
66% (median) of dorsal frontal cortex 
demonstrating sustained activity was in 
the superior frontal sulcus. By contrast, 
69% of dorsal frontal cortex demonstrat- 

memory does indeed exist, but it is not in 
BA 46. Rather than focusing on cytoarchi- 
tectonically defined BA 46, we focused our 
investigation on cortical areas in the vicin- 
ity of a functionally defined landmark that 
lies near the spatial working memory area in 
the monkey, the FEF. Imaging studies of eye 
movements have localized the human FEF 
to the precentral sulcus (17, 18). Because 
the monkey spatial working memory area 
lies just anterior to the FEF, we predicted 
that the human spatial working memory 
area might also lie just anterior to the FEF, 
perhaps within the superior frontal sulcus. 
Thus, we hypothesized that the location of 
this region for spatial working memory, like 
the human FEF, is relatively more superior 
and ~oster ior  than a similar functional re- 

of spatial and face working memory dem- 
onstrates a double dissociation (region by 
task interaction; P < 0.01 for both spatial 
extent and signal intensity change) with 
the superior frontal sulcus showing more 
sustained activity during spatial working 
memory delays and with the left inferior 
frontal region showing more sustained ac- 
tivity during face working memory delays. 
This comparison also demonstrates that 
the sustained activity in the superior fron- 
tal sulcus cannot be attributed to prepara- 
tion for a motor response because the spa- 
tial and face working memory tasks re- 
quired the same types of responses after 
delays. In short, the results of this compar- 
ison show that the superior frontal sulcus 
meets our second and third criteria for a 

ing only transient activity during the pre- 
sentation of visual stimuli (regressor 1)  
was in the precentral sulcus, just posterior 
and lateral to  the sustained activation in 

gion in monkey frontal cortex and has a 
different BA designation. Imaging studies of 
spatial working memory that have included 
dorsal and ~oster ior  frontal areas have con- 

the superior frontal sulcus. This difference 
between the localizations of sustained and 

spatial working memory area. 
To  determine whether this region in 

the superior frontal sulcus is distinct from 
the FEF, we compared the locations of 
activations during the spatial working 
memorv task with activations evoked dur- 

transient activity demonstrates two func- 
tionally distinct areas in the dorsal frontal 
cortex (P  < 0.002 for response-type by 
sulcus interaction). Thus, the su~e r io r  

sistently found activation in the vicinity of 
the su~erior  frontal sulcus (5. 12. 15. 18- . .  . , 

21 ), but a mnemonic role for this region has 
largely been dismissed because of its pre- 

frontal sulcus meets our firs; criteria; for a 
spatial working memory area by demon- 

ing a ssccadic eye movement task in the 
same scanning session (n = 4) (Fig. 3 ) .  As 
expected from previous results (17,  18) ,  
most of the dorsal frontal cortex activated 

sumed location in premotor cortex or the 
FEF [but see (15, 18, 21)]. 

We  investigated the role of the superior 
frontal sulcus in spatial working memory by 
using functional magnetic resonance imag- 
ing (fMRI). We  used four criteria to deter- 
mine whether this area is specialized for 

strating sustained activity during delays. 
To  determine whether the region show- - 

ing sustained activity in the superior frontal 
sulcus is specifically involved in spatial 
working memory rather than more general- 
ly in any working memory task, fMRI data 
were obtained (n = 7) during performance 
of a face working memory task that used 
identical stimuli, timing, and motor re- 

during the eye movement task (85% me- 
dian across subjects) was in the precentral 
sulcus, thereby identifying the location of 
the FEF in each subject and distinguishing 
it from the region of sustained activity in 
the superior frontal sulcus (Fig. 3 ) .  In 
three of four subjects, the centroid of sus- 

spatial working memory: (i) the area must 
show sustained activity during spatial work- 
ing memory delays; (ii) such sustained ac- 
tivity must be greater during spatial working 
demory delays than during delays in other 
types of working memory tasks, in this case 
working memory for faces; (iii) the sus- 
tained activity during spatial working mem- 
ory delays cannot be attributable to prepa- 
ration for a motor resoonse, which would 

sponse, as did the spatial working memory 
task (Fig. 1) .  The superior frontal sulcus 
bilaterally showed significantly more sus- 
tained activity during spatial than during 
face working memory delays (5.4 cm3 versus 
2.3 cm3 of cortex. 0.48% versus 0.37% 

tained activity was significantly anterior 
to  the centroid of eye movement-related 
activity in both right and left hemispheres 
(mean difference = 8.5 mm; P < 0.005 in 
all cases). The  fourth subject showed the 
same trend. but the difference (3.5 mm) 

mean signal change, respectively, summed 
across both hemisnheres: P < 0.01 for both 

did not reach statistical significance be- 
cause the areas of sustained activitv were 

indicate a premotor rather than a mnemon- 
ic function; and (iv) the area must be dis- 
tinct from the FEF. 

Functional MRI scans were obtained 
while 11 healthy human volunteers ( 8  
males and 3 females) altematelv nerformed 

spatial extent and signal intensity change) 
(Fig. 2). By contrast, left inferior frontal 
cortex showed significantly more sustained 
activity during face than during spatial 
working memory delays (4.9 cm3 versus 2.7 
cm3, 0.44% versus 0.21%, for left inferior 
frontal cortex; P < 0.05 for both compari- 
sons). The left middle frontal cortex 

less extensive than in the other subjects. 
In addition, the face task was designed to 
require the same types of eye movements 
as the spatial task and yet showed signifi- 
cantly less sustained activity in the supe- 
rior frontal sulcus, further supporting our , . 

individual trials of spatial working memory 
and sensorimotor control tasks (Fie. I ) .  Ac- 

assertion that the sustained activity there 
is related to spatial working memory and 
not  to  oculomotor control. Thus, the re- 
gion of sustained activity in the superior 
frontal sulcus is distinct from the FEF, 
thereby meeting our fourth criterion for a 
spatial working memory area (26). 

The results of the current fMRI study 
indicate that there is a functional area in 
the superior frontal sulcus that shows sus- 
tained activity during spatial working mem- 
ory delays. Sustained activity in this region 
was greater during spatial than during face 
working memory delays, demonstrating 
that the superior frontal sulcus plays a 
predominant role in spatial working mem- 

, " ,  

tivations associated with face working 
memorv were also investigated in seven of 

showed significantly more cortical area ac- 
tivated by face working memory than by 
spatial working memory (8.9 cm3 versus 5.7 
cm3; P < 0.05). but the difference in acti- 

these shbjects, and those associated with 
visually guided saccades were investigated 
in the other four. Multiple regression anal- 
ysis of the time course of the activation was 
used to identify voxels that were signifi- 
cantly activated by each task and to distin- 
guish between activations that were due to 

vation based on the change in mean signal 
intensity failed to reach significance 
(0.36% versus 0.22%; P > 0.1). The differ- 
ence between face and spatial working 
memorv in the rieht ventral frontal cortex u 

different cognitive components of the tasks 
(7,  22). Activated voxels in frontal cortex 

" 
failed to reach significance for the middle or 
the inferior regions (24). There were no . .  . 

were assigned to two dorsal regions of inter- 
est (the superior frontal sulcus and the pre- 
central sulcus) and two ventral regions of 

" . , 

hemisphere effects for spatial working mem- 
ory (P  > 0.1 for superior, middle, and infe- 
rior frontal regions) (25). This comparison 
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ory compared with object working memo- sustained activity in the superior frontal tinct from, and just anterior to, the human 
ry. Because these two tasks were matched sulcus cannot be attributed to manual mo- FEF, demonstrating a correspondence to 
for motor preparation and motor response, tor function. Moreover, this area is dis- the topological relationship that has been 

Fig. 1 (left). (A) Aface and a spatial location working memory task, which used 
the same stimuli and were equated for difficulty. Subjects saw a series of three 
faces, each presented for 2 s in a dierent location on the screen, followed by 
a 9-s memory delay. Then a single test face appeared in some location on the 
screen for 3 s, followed by a 6-s intertrial interval. Before each series, subjects 
were instructed to remember the locations or the identiiies of the three faces in 
the memory set. For the spatial task, the subject indicated with a left or right 
button press whether the test location was the same as one of the three 
locations presented in the memory set, regardless of which face marked that 
location. For the face memory task, the subject indicated whether the test face 
was the same as one of the three faces observed in the memory set, regardless 
of the location where the face appeared. For the sensorimotor control task, 
scrambled faces appeared (control stimulus set), and when the fourth scram- 
bled picture appeared after the delay, subjects pressed both buttons (control 
response). For the control and working memory tasks, subjects were instruct- 
ed to look directly at each picture as it appeared and to avoid moving their eyes 
during delay. All subjects gave written informed consent. fMRl time series data 
were analyzed by multiple regression (7,22). Contrasts between task compo- 
nents are shown below the task diagram: (1) visual stimulation versus no visual 
stimulation; (2) memory stimuli versus control stimuli; (3) control stimulus set 
versus control response; (4) memory stimulus set versus test stimulus and 
response; (5) delays during anticipation of response versus intertrial intervals; 
(6) memory delays versus control delays. Contrasts were constructed a priori 
so the sum of values over the time series equals zero and the crossproducts 

of all paws or conrrasrs equal zero, aemonsrrarlng ormogonalny. I nese 
contrasts make it possible to obtain independent estimates of activity 
levels during every phase of the task. The specific contrasts were chosen 
to test the hypotheses that motivated this study. Each time series was 
convolved with a Gaussian model of the hemodynamic response to pro- 
duce the six regressors used in the analysis. Multiple regression simulta- 
neously calculates a weighting coefficient for each regressor so the sum of 
the regressors multiplied by their weighting coefficients provides the best 
fit to the data. (B and C) fMRl time series data (solid line) and the corre- 
sponding fitted response functions (dashed line) from regression analysis. 
(B) One voxel in the superior frontal sulcus showing sustained activity 
during the working memory delay (regression coefficients: 2.06*, 0.75*, 
0.43,0.32,0.23*, 1.43*). (C) One voxel from the precentral sulcus showing 
only transient activity during stimulus presentation (regression coefficients: 
3.56*, 0.79, -0.73, 1.14, 0.57*, -0.03). Asterisks mark regressors that 
account for a significant portion of the variance in that voxel independent of 
the variance attributable to the other regressors. Fig. 2 (right). Areas with 
significant sustained activlty in a single subject during the working memory 
delay for faces (blue outline) and for spatial locations (red outline) overlaid onto 
the subject's Talairach normalized anatomical MR image. Level above the 
bicommissural plane is indicated for each axial section. Twenty-one contigu- 
ous axial slices were obtained in series of 88 scans each (repeat time, 3 s; 
echo time, 40 ms; flip angle 90"). Slices were either 5 or 6 mm thick as needed 
to cover the entire brain. L, left; R, right. 
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described in the monkey between a frontal that displacement of regions in the human REFERENCES AND NOTES 
cortical area for spatial working memory brain may be due to the emergence of J. M. Fuster, The Prefrontal Cortex: Anatomy, Phys- 
and the FEF [for example, see (27)l. How- phylogenetically newer regions. For exam- io~ogyY and ~~~~~~~~~.~l~~~ of the , ~ ~ ~ t ~ l  ~~b~ 
ever, in the monkey the frontal cortical ple, extrastriate visual areas specialized for (Raven Press, New York, 1989); S. Funahashi and K. 

area for spatial working memory is within spatial vision have a more superior loca- Kubota~ Neurosci. Res. 21, (Igg4); P. S. 
Rakic, Neuron 14, 477 (1995). 
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the anterior bank of the arcuate sulcus. 
Our data indicate that the homologous 
functional areas in the human brain are in 
the superior frontal and precentral sulci, 
respectively, and thus occupy a relatively 
more superior and posterior location. The 
location of this spatial working memory 
area in humans, superior and posterior to 
BA 46, may explain why it was not recog- 
nized in previous studies. 

This difference in functional neuroanat- 
omy between monkeys and humans suggests 
that the spatial working memory area and 
the FEF in humans have been displaced by 
the expansion of the more inferior and 
anterior portions of the lateral prefrontal 
cortex over the course of primate brain 
evolution. Comparison of monkey and hu- 
man functional neuroanatomy indicates 

Fig. 3. (Top) Results from a single subject for the 
spatial working memory task and the saccadic 
eye movement task. For the eye movement task, 
subjects made a random series of horizontal visu- 
ally guided saccades with an average ampliude of 
12" (range, 5" to 20"). Subjects performed sac- 
cades during 15-s blocks interleaved with 15-s 
blocks in which subjects saw a blank screen and 
were instructed to look at the center of the screen 
and avoid moving their eyes. Yellow outline indi- 
cates the region activated by the saccadic eye 
movement task. Green outline indicates the re- 
gion activated transiently during the presentation 
of the stimuli in the working memory task. Red 
outline indicates the region that showed sustained 
activation during the working memory delay. (Bot- 
tom) White dotted line marks superior frontal sul- 
cus. Yellow dotted line marks precentral sulcus. 
Mean locations of the local maximumz-scores for 
saccadic eye movements (yellow) and for tran- 
sient (green) and sustained (red) activity during the 
spatial working memory task are shown on the 
average of the Talairach normalized anatomical 
MRI scans from the four subjects who performed 
both the spatial working memory and the saccad- 
ic eye movement tasks. Center and radii of the 
cylinders indicate mean and standard deviations 
of the locations of local maxima, respectively. 
Saccades: left, -33 2 8 , -16 + 9, +46 + 5; 
right, +29 + 8, -9 + 4, +45 2 5. Transient: 
-35?6 , -1727 ,+45?6 ;+30+8 , -827 ,  
+46 2 4. Sustained: -31 2 7, -7 ? 5, +46 + 4; 
+27 2 5, -5 2 4, +49 2 5. Note that the sus- 
tained spatial working memory activation is just 
anterior to the transient and saccade activations. 
L, left; R, right. VAC and VPC, vertical planes 
passing through the anterior and posterior com- 
missures, respectively. 

, . 

for object vision have a more inferior lo- 
cation in temporal cortex [for review, see 
(28)l. Displacement of both sets of visual 
areas away from the posterior perisylvian 
cortex may be related to the emergence of 
language mediated by phylogenetically 
newer cortical areas such as BA 39 and BA 
40. The specific displacement of function- 
al areas in dorsal frontal cortex that we 
have identified may likewise be related to 
the emergence of other cognitive abilities, 
either distinctively human or greatly elab- 
orated in humans, mediated by new func- 
tional areas in prefrontal cortex. Examples 
of these abilities may include abstract rea- 
soning, complex problem solving, and 
planning for the future, consistent with 
behavioral symptoms in patients with 
frontal lobe damage (29). 

Suicm 
superior 

Sustained activity 
J Transient activity 
I Eye movement actMty 
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23. Both precentral and superior frontal sulci in each 
hemisphere were anatomically defined in each sub- 
ject by using their Talairach normalized axial struc- 
tural MR images from 39 to 55 mm above the bicom- 
missural plane, based on the extent of FEF activation 
in previous studies (1 7). The region of interest delin- 
eating the precentral sulcus included 6 mm of the 
cortex on each bank of the sulcus from, and includ- 
ing, the junction with the superiorfrontal sulcus to the 
lateral convexity. The region of interest delineating 
the superior frontal sulcus included 6 mm of the 
cortexalong each of the banks of the sulcus tom the 
limit of the precentral region of interest forward to 
the anterior convexity. The inferior and middle frontal 
cortical regions of interest were broadly defined as all 
cortex anterior to the 6 mm of cortex on the anterior 
bank of the precentral sulcus from 38 to 16 mm 
above the bicommissural plane for the middle frontal 
cortex and from 15 mm above to 12 mm below the 
bicommissural plane for the inferior frontal cortex. 
The division between middle and inferior frontal re- 
gions was chosen to be midway between the mean 
locations of all areas reported as BA 45 or 47 and all 
areas reported as BA9 or 46 in recent working mem- 
ory imaging reviews (3, 16). These ventral regions 
were defined once for all subjects by using the aver- 
age of all 11 subjects' structural MR images. Thus, 



th~s analysis did not Include medial and orbital frontal 
reglons; ne~ther of these regions showed content- 
specif~c sustained activ~ty 

24 In the right hem~sphere, the differences between the 
spatial extents of sustained act~vation for face and 
spatial working memory were 6.1 and 3.3 cm3 and 
0.31 and 0.23% signal change In the m~ddle frontal 
cortex, and 1.8 and 1.8 cm3 and 0.39 and 0.25% in 
the inferior frontal cortex (medians across subjects; P 
> 0.1 for all comparsons). 

25. Others (2,4,20) have also drectly contrasted object 
and spatial working memory and, as we d ~ d ,  they 
found evidence for domain specificity in prefrontal 
cortex. However, their evidence ind~cated that do- 
main specificity is primar~ly a hemispheric laterai~ty 
effect, with left frontal regons special~zed for object 
work~ng memory and right frontal regions specialized 
for spatial working memory. In our prevous studies 
of face (7, 14) and In this study of spatial working 
memory, we found activations w~th s~m~lar coordi- 
nates, but the activations tended to be b~lateral. 
Smith eta/. (2) attributed the left lateralization of ob- 
ject work~ng memory to rehearsal of a symbolcally or 
llnguistcally encoded representailon of the object. In 
this study and previously (14) we have seen left lat- 
eralizat~on for face working memory under condl- 
tions that encouraged more symbolic or verbal en- 
coding of faces, but we have also seen right lateral- 
ization under condtons that allowed for more im- 
age-based encod~ng (14, 15) We argue that 
laterality effects in visual memory may be ~nfluenced 

by a varlety of factors, such as memory set size, 
retention interval length, and item famlllarity, all of 
which may affect the extent to whlch subjects en- 
gage ~n symbol~c or verbal encoding and rehearsal. 

26. Whereas activat~on in the superlor frontal sulcus was 
ovewheimingly associated with sustained actlv~ty 
during spatial working memory (89% of activated 
cortex), activat~on in the precentral sulcus was a mix- 
ture of voxels demonstrating sustained (53%) and 
transent (43%) activ~ty during workng memory as 
well as saccade-related act~vity (74%; median per- 
centages for four subjects include overlap). The 
presence of both sustained and transent activity n 
the precentral sulcus at the level of the FEF is con- 
sistent w~th results of physological studies in mon- 
keys that have demonstrated that some FEF neu- 
rons show sustained activity during fixation or during 
the delays in memory-guided saccade tasks, and 
others show transient act~v~ty during saccadic and 
pursu~t eye movements (27, 33). Transient activity 
observed in the precentral sulcus is likely to be reiat- 
ed to eye movements to the locations where pictures 
appeared, because subjects were instructed to look 
directly at each picture as ~t was shown and to avoid 
moving their eyes during delay perods Regons of 
the precentral sulcus activated by the spatial working 
memory task but not by the saccadic eye movement 
task may be related to mechan~sms of oculomotor 
control other than those controlling horizontal sac- 
cades However, ~t is highly unlikely that sustained 
activ~ty in the superior frontal sulcus is related to 

Propagating Activity Patterns in Large-Scale 
Inhibitory Neuronal Networks 

J. Rinzel," D. Terman, X.-J. Wang, B. Ermentrout 

The propagation of activity is studied in a spatially structured network model of y-ami- 
nobutyric acid-containing (GABAergic) neurons exhibiting postinhibitory rebound. In 
contrast to excitatory-coupled networks, recruitment spreads very slowly because cells 
fire only after the postsynaptic conductance decays, and with two possible propagation 
modes. If the connection strength decreases monotonically with distance (on-center), 
then propagation occurs in a discontinuous manner. If the self- and nearby connections 
are absent (off-center), propagation can proceed smoothly. Modest changes in the 
synaptic reversal potential can result in depolarization-mediated waves that are 25 times 
faster. Functional and developmental roles for these behaviors and implications for 
thalamic circuitry are suggested. 

Reciprocally inhibitory neural circuits are 
known to be a fundamental substrate for 
rhyth~nogenesis in animals' central pattern 
generator systems (1 ). Subnetworks of mu- 
tually connected neurons were also found in 
various systems of the mammalian brain, 
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such as the hippocampus, neocortex, and 
thalamus (2).  The operation and signifi- 
cance of such interneuronal networks are 
not well understood. Recent studies showed 
that synaptic inhibition can synchronize 
cells, thereby contributing to the genera- 
tion of large-scale rhythmic activities ob- 
served in the thalamus and hippocampus 
(3-5). Another possible function is disinhi- 
bition, where the interneurons projecting to 
a principal neuron are selectively inhibited 
by another group of interneurons. This 
mechanism would require specialized con- 
nectivity patterns between mutually inhib- 
itory cells and with principal neurons (on- 
center or off-center), which are generally 
difficult to identify by anatomical and elec- 
trophysiological experiments. In the present 
work, we demonstrate by model simulations 
that the spatiotemporal activity patterns of 

oculomotor control because current and prevlous 
eye movement studies in humans have localized ac- 
tiv~ty related to vlsually gulded saccades, self-paced 
saccades, smooth pursuit, and fixation w~ th~n  or 
posteror to the precentral sulcus and not with~n the 
superlor frontal sulcus (1 7, 18). 
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an interneuronal population display a num- 
ber of unique dynamic features. The quali- 
tative characteristics dramaticallv d e ~ e n d  , 
011, and therefore can subserve as predictive 
indicators of, the underlying synaptic cir- 
cuit architecture. 

As a specific example, the thalamocor- 
tical (TC)  relay neurons receive powerful 
recurrent inhibition from GABAergic 
cells in the thalamic reticular nucleus 
(RE). How this feedback inhibition is or- 
ganized spatially will determine in part its 
role in the sensory information processing 
within the thalamus 16). The RE-mediat- . , 

ed synaptic inhibition is also critically in- 
volved in the generation of the svnchro- 
nous thalamic ipindle oscillation$ during 
light s l e e ~  13). Moreover, in the thalamic 

u & .  

slice models one finds spatiotemporally 
organized activity in the form of propagat- 
ing waves, which are waves that move 
very slowly (-1 mm/s), on each cycle 
recruiting additional inactive cells in a 
distinctive, non-smooth, "lurching" man- 
ner (7, 8). In this paper, we consider a 
spatially structured network of GABAergic 
neurons, which may be interpreted as a 
reduction from a two-population thalamic 
network. The idea is that because the 
TC-to-RE projection is topographic and 
acts via rapid glutamate receptors of the 
a-a1nino-3-hydroxy-5-methyl-4-1soxazole- 
propionic acid (AMPA) type, the excita- 
tion in a TC cell would result in a barrage 
of inhibitory postsynaptic potentials 
(IPSPs) in the neighboring TC cells 
(through the d~synaptic TC-RE-TC loop). 
In this idealized view (of the isolated tha- 
lamic circuit), the TC cell layer acts ef- 
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