
R E P O R T S  

ence between different 5HT treatments wi th the LTF 
test (F,,,, = 7.86; P < 0.001). There were no differ- 
ences wi th the T I  (F, ,, = 0.93; P = 0.44) and STF 
(F,,,, = 0.72; P = 0.55) tests. 
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+ 154.8 z 15.5%; synaptic-emetine, +92.9 z 
29.5%; somatic-emetine, -109.7 i- 33.6%; P < 0.02 
in all cases. 

14. The magnitude of coincident LTF in the controls as 
well as in the somatic-emetine (Fig. 3A) and somatic- 
emetine ( 4  t o  6 hours) (Fig. 38) groups is quite 
comparable [see also (3)]. However, the absolute 
magnitude of LTF in these groups is less than that 
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SN-INT synapses in the pleural ganglion, the synaptic 
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ing capture at the remote synapse. If true, this would 
extend the notion of capture in two  ways: (i) in this 
case, protein synthesis is required immediately at the 
site of capture, and (ii) there is a t ight temporal 
constraint (15 min) imposed on the induction-cap- 
ture process occurring at two  anatomically remote 
sites. 
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Neuron 2, 1577 (1989). 

18. A factorial ANOVA showed a significant overall dif- 
ference among groups (F,,,, = 4.24; P = 0.043). 

19. The synaptic compartment (pedal ganglion) contains 
both the presynaptic SN terminals and postsynaptic 
M N  neurites and somata. Thus the translation-de- 
pendent synaptic signal required for LTF induction 
(Fig. 3A) could be presynaptic, postsynaptic, or both, 
Distinguishing between pre- and postsynaptic contri- 
butions is experimentally feasible in this system [L.-E. 
Trudeau and V. F. Castellucci, J. Neurosci. 5 ,  1275 
(1995); D. L. Clanzman, J. Neurobiol. 25, 666 (1994)l. 
Thus we are currently examining the effects of block- 
ing translation in individual SNs and MNs. 

20. The length of the connective is 2 t o  3 mm, and the 

Shape Representations and 
Visual Guidance of Saccadic Eye 

Movements 
Tirin Moore 

One hallmark of primate vision is that the direction of gaze is constantly shift- 
ing to position objects of interest appropriately on the fovea, where visual 
acuity is greatest. This process must involve the close cooperation of oculo- 
motor and visual recognition mechanisms because visual details must be trans- 
lated into specific motor commands. This paper describes the correspondence 
between the presaccadic activity of V4 neurons and the degree of visual 
guidance of saccadic eye movements to objects of different form. The results 
suggest that neurons that participate in coding visual stimuli are also involved 
in guiding the eyes to prominent features of objects. 

Because only a slllall fraction of the primate 
retina has heightened acuity, the point of 
fixation p nu st co~lstalltly be moved about to 
allow detailed visual processing of objects of 
interest within the visual scene. Moreover, 
this 111ust be done so that each change in gaze 
places the eye at comrenlent locatio~ls 011 the 
target sti~nulus once the n~ovement is corn- 
pleted. For example. when scanning this text. 
the reader's eyes lllust accurately jump from 
word to word so that when each Item 1s 
fixated it can be processed rapidly and the 
next eye movement call be plalu~ed. Studies 
of eye movements during reading have 
shonrn that the speed at which subjects scan 
text is deterlnined paitly by where each eye 
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movement places the fovea within i ~ o r d s  and 
that for each word there appears to be an 
optimal lallding position for the eye (I). To 
accolnplish this requires that each individual 
eye movement be guided by detailed visual 
illfor~natioll obtained from locations periph- 
eral to the current point of fixation. During all 
types of visual scanning. saccadic eye move- 
ments of both humans and ~nonkeys follonr 
the detail of visual images to a strilciug degree 
(2). This fact suggests that visual coitical 
lnechallislns responsible for coding stilnulus 
for111 are also actively involved in guiding eye 
movements to salient features of objects. 

Most studies of oc~ilornotor mechanisms 
have ignored the possible role of visually selec- 
tive neurons in progralnnli~lg eye lnovenlellt 
co~lunands. .Among the hvo apparent process- 
ing sheallls within the primate visual coi'tex (3). 
only the dorsal projecting visual areas, areas in 
the posterior parietal coi'tex. have been i~llpli- 
cated in oculol~~otor conhol. I11 contrast, ventral 
visual coltical areas that co~ltaill neurons selec- 
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tive for stilllulus features; such as color and 
orientation. have been piillla~ily regarded as . - 
passive perceptual mechanisms (4). The lllajor 
reason for this view is that dorsal stream visual 
areas contain neurons that respond in co~ljunc- 
tion n~1t11 saccadlc eye mo\enleIlts and that 
electrical stilnulat~o~l of some dorsal areas call 
evoke eye movelnellts (3) .  There is. however. 
little evidence of the involvement of vellual 
stream visual areas in the programmning of eye 
movements. 

Extrastriate area V3 is the ~najor source of 
visual illput to the inferior te~nporal coltex 
( 6 ) ,  the terlllillus of the ventral stream; thus. 
neurons within V4 are vely sensitive to stim- 
ulus for111 and color (7). Neurons within this 
area are modulated by focal attention in the 
absence of eye movements (8 ) .  However. 
they are also activated 111 advance of v~sually 
guided saccadic eye movements (9). The sac- 
cade-related activation within this area may 
merely reflect the fact that shifts in attention 
typically precede shifts in gaze. but it also 
may reflect a mechanism by which detailed 
visual in fo~~na t io~ l  useful in guiding the eyes 
to salient features of objects is synchronized 
with the saccade command. We examined 
this possibility by sh~dying the correspon- 
dence between neural activation preceding 
eye movements to targets of different form 
and the lnetrics of saccadic eye movements. 

We recorded the activity of 9 1 siugle neu- 
rolls in extrastriate area V3 of two ulolllceys 
(:24c1cacc1 i i i i ~ l c ~ f t a )  performi~lg a visually 
guided delayed saccade task. In this task. the 
monkeys were trained to make saccadic eye 
~nove~l le~l ts  to stable visual sti~lluli presented 
within the visual receptive field (RF) of a V4 
neuron (10 ) .  The response of a V4 neuron 
during the saccade task is shown in Fig. 1A. 
The responses of the neuron during the first 
half of each trial are aligned to the onset of 
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Fig. 1. Response of V4 neurons during the delayed saccade task (A) Responses of a 
single V4 neuron during delayed saccadic eye movements to an oriented bar stimulus 
presented within the cell's RF. Each plot shows mean instantaneous firing rate super- 
imposed over spike rasters obtained from individual trials. The cell's activity during the 
first half of each trial is aligned to the onset of the RF stimulus (Left) and during the 
second half it is aligned to the saccade (right). Cartoon above illustrates the two phases 
of the trial. In the first half, the point of fixation (+) was on the fixation spot; in the 
second half, the monkey made a saccade to the RF stimulus (arrow). The saccade- 
aligned plots were sorted from top to  bottom in order of increasingsaccade Latency and 
the cue to saccade (offset of the fixation spot) is indicated during each trial (̂ ). (Top) 
Activity when the bar stimulus was presented at the preferred orientation. (Bottom) 
Activity when the nonpreferred orientation was presented. In both conditions, the 
monkey was required to make saccades to  the bar stimulus at the end of the trial. 
When the preferred stimulus was presented, the neuron responded not only at the time 
of onset but also immediately before the monkey made a saccade to the stimulus. 
When the bar stimulus was presented at the nonpreferred orientation, the neuron 
responded at neither time. (0) Selectivity profiles of 83 V4 neurons during trials in 
which monkeys made delayed saccades to oriented stimuli within a cell's RF (solid) or 
to a target outside the RF (dashed) (70). Each response function is the mean difference 
in the normalized activity between trials in which the preferred and nonpreferred 
orientation was within the RF (7 7). Both selectivity functions are first aligned to the 
onset of the stimulus (left) and then to the initiation of the saccade (right). Note that 
when the saccade is made to the RF stimulus, the orientation selectivity reemerged 
immediately before the eye movement began. When the saccade was directed to a 
target outside the RF, the selectivity declined toward zero. 

the visual stimulus and in the second half 
they are aligned to the onset of the saccadic 
eye movement. When the visual stimulus was 
presented to the cell's RF at the optimal 
orientation, the cell responded well at stimu- 
lus onset but then quickly adapted. The cell 
began to respond again just before a saccadic 
eye movement was made to the RF stimulus. 
When the least effective orientation was pre- 
sented, the cell responded neither at the time 
of onset nor before the eye movement. This 
response is typical of neurons in area V4 
during this task in that many of them respond 
in advance of saccadic eye movements to the 
RF and they do so in a way that depends 
heavily on which stimulus is the target. The 
temporal dynamics of orientation selectivity 
from 83 selective neurons recorded in two 
monkeys performing the delayed saccade 
task are plotted in Fig. 1B (11). The two 
functions show the response difference be- 
tween preferred and nonpreferred stimulus 
trials when the monkey made saccadic eye 
movements to the RF stimulus or to a target 
outside the RF. As in Fig. lA, trials are first 
aligned to the stimulus onset and then to the 
onset of the saccadic eye movement. The 
population response distinguished between 
preferred and nonpreferred orientations with- 
in the first 100 ms of stimulus presentation. 
This selectivity decayed by more than 50% 
within 500 ms even though the visual stimu- 
lus was still within the RF. Yet when a 
saccadic eye movement was directed to the 
RF stimulus, the selectivity increased again 
and peaked within 50 ms of the onset of the 
movement. The saccade-aligned selectivity 
recovered to about 75% of the initial stimu- 
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Fig. 2. Spatial distribution of endpoints of saccades made to  visual targets varying in orientation. 
(A) Saccades made t o  oriented bar stimuli during the visually guided delayed saccade task. 
Individual saccade vectors obtained from a single block of trials (13 trials per orientation) are 
shown. (0) Distribution of saccade endpoints. Polar histograms (left) show angular distributions of 
saccade endpoints relative to  the axis of bar orientation (normalized to  vertical; 0); 10 angular bins, 
36" per bin. Histogfams on the right show the same distributions collapsed across the orthogonal 
axis of orientation, revealing the greater tendency of saccades t o  land near the axis of bar 
orientation (peak at 0). Dotted lines indicate proportions expected within each bin if the 
distributions are uniform. Observed distributions were significantly different from uniform (mon- 
key K, x2 = 139, P < 0.0001, n = 2200 saccades; monkey D, x2 = 131, P < 0.0001, n = 1624 
saccades). Oriented bars varied in size from about 0.1" t o  0.3" x 1.0" to  3.0" and were positioned 
between 2.5" and 10" from the point of fixation. 

lus-aligned selectivity. When an eye move- The presaccadic activity in V4 therefore 
ment was directed instead to a target outside synchronizes a representation of the target 
the RF, the response selectivity fell toward stimulus with each saccadic eye movement. 
zero. The fact that the presaccadic activation in V4 
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is visually selective at first prompted us to 
consider only its possible role in perception 
dming eye nlovenlents (12), but upon exam- 
ining the metsics of saccades, the need to also 
consider the relationship of this activity to the 
saccade coinnland became apparent. 41- 
though our saccade task did not require the 
monkeys to accurately foveate the RF stimu- 
li, both inonkeys tended to do so by default. 
Moreover, they did so in a way that indicated 
they had talcen into account the orientation of 
the stirnulus before they initiated eye move- 
nlents (Fig. 2.4). For both monkeys, eye 
movements to oriented bar stimuli typically 
landed along the orientation axis of the bar 
stimulus. To quantify this behavior. \ve con- 
structed angular histograms to exanline the 
distribution of large sanlples of saccade end- 
points with respect to the bar's orientation 
axis (Fig. 2B) (13). If one assumes that the 
monkeys' eye lnovements were not influ- 
enced by the orientation of the target stimu- 
lus, the endpoints should be equally distrib- 
uted across all angles, fonning a circular 
histogram. However. for both monkeys the 
propoition of endpoints was nonhomoge- 
neous across angles, revealing a greater ten- 
dency of the fovea to land along the axis of 
orientation. Although all orientations had en- 
tirely overlapping centers of gravity, the end- 
points of saccadic eye lnoveinents varied pri- 
nlarily along the bar's orientation axis. 

Fig. 3. Distributions of saccade 
endpoints relative t o  the axis of 
preferred orientation for trials 
during which the presaccadic ac- 
t ivi ty was either high or low. For 
each of the 83 orientation selec- 
t ive neurons, trials were sorted 
according t o  the amount of neu- 
ral activity (high or low) present 
immediately before initiation of 
a saccadic eye movement t o  a 
stimulus presented at the pre- 
ferred orientation (73). The 
mean presaccadic activity of the 
t w o  trial groups is shown by 
the bar plot in the upper left 
of each set of histograms. Histo- 
grams show the result of sorting 
the saccades according t o  the 
amount of presaccadic activity 
of individual neurns. Saccades 
landed closer t o  the orientation 
axis of the bar stimulus on trials 
when the presaccadic activity 
was high than on trials when the 
presaccadic activity was low. 
The t w o  distributions of sorted 
trials were significantly different 
for both monkeys (monkey K, 
x2 = 15.5, P < 0.005, n = 556 
sorted trials; monkey D, x2 = 
18.6, P < 0.001, n = 716 sorted 
trials). 

This obse~~ation suggested that the presac- 
cadic activity  night be one mechru~ism by 
which saccades were guided by oiientation in- 
fo~mation. We therefore examined the cone- 
spondence behveen presaccadic activation and 
the degree to which eye lnoverneilts followed 
the oiientation of the saccade target. If indeed 
the saccade-related activity contributes to the 
saccade coimnand, one should expect a cone- 
lation between the level of presaccadic activa- 
tion and the placenlent of the fovea wit11 respect 
to the oiientation axis. One might expect trials 
with the largest presaccadic activity to be ac- 
conlpanied by eye movements that land more 
accurately along the target's orientation axis. 
Likewise. trials with low presaccadic activity 
should be accolnpanied by eye nlovenlents that 
land randomly with respect to the target's oli- 
entation axis. 111 particular, this should be true 
when eye inovelnents are made to each cell's 
preferred orientation. 

For each neuron, \ve separated trials into 
txvo groups according the level of presaccadic 
activation \vhen the cell's prefeived orienta- 
tion was the target of the saccade. We then 
coinpared distributions of saccade endpoints 
from trials with high or low presaccadic ac- 
tivation (14). The distributions of endpoints 
between high and lon- presaccadic activity 
differed in the degree to which the eye move- 
lnents placed the fovea along the axis of 
orientation (Fig. 3). The trials in which 
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presaccadic activity was high tended to pre- 
cede eye movements that fell close the bar's 
orientation axis. In contrast, trials with poor 
presaccadic activity yielded inore homoge- 
neous distributions. This result indicates a 
coi~esponde~lce bet\veen the degiee of visual 
guidance and the level of presaccadic activa- 
t ~ o n  in V4 

Because the peicept~oil of fine visual de- 
tails depends on those details actually falling 
on the fovea. placement of the fovea durlng 
noi~nal v~sual scanning is cmcial. Visually 
selective representations of visual targets pe- 
ripheral to the point of fixation should there- 
fore actively guide each successive saccade 
command. The presaccadic activation within 
areas such as V4 is perhaps the mechanisnl 
by \141ich deta~led visual information modi- 
fies oculornotor coln~nands The present ob- 
servations suggest that neurons in V4 not 
only participate in the passive representation 
of visual stinluli but that they also contribute 
to the active guidance of saccadic eye move- 
ments. The fact that neurons in area V4 
project directly to the parietal cortex, the 
frontal eye fields; and the superior collic~ilus 
(15) is consistent with this view, because 
each of the latter is more directly involved in 
oculomotor programming. 

But is the presaccadic activation in V4 a 
nlotor response? The fact that the presaccadic 
activation in V4 depends primarily on the 
visual target (12). together with the fact that 
modulation of responses in V4 can be ob- 
tained in attentional tasks eyen when eye 
rnoveinents are withheld (8). appears to rule 
out a direct role for this area in triggering 
saccad~c eye movements. Instead. the present 
obselvations suggest a distinction between 
mechanisms that initiate saccadic eye move- 
nlents and nlecha~lisnls that actively guide 
them. Such a distinctio~l is also suppoited by 
studies of the effects of inicrosti~~lulation of 
extrastriate area MT. These studies show that 
microst im~lat io  does not typically elicit sac- 
cadic eye nlovelnents but that it can nonethe- 
less alter saccade vectors xvhen eye move- 
ments are made to visual targets (16). Further 
experiments might examine the effects of 
microstiinulatio~l of other visually selective 
areas, such as V4, on the pattern of visually 
guided eye movements. Such experinlents 
would potentially address the close link be- 
tween visual coding and motor pla~lning and, 
as the present results, expose the limitatio~ls 
of a strictly visual or motor interpretation. 

References and Notes 
1 .  F.  V i tu ,  J. K.  O'Regan, M .  Mi t tau,  Percept. Psychophys. 

47, 583 (1990) .  
2. A. L. Yarbus, Eye Movements and Vision (Plenum 

Press, New York, 1967) ,  pp. 171-21 1 .  
3 .  L. C .  Ungerleider and M .  Mishkin, in Anaiysis of Visual 

Behavior, D. J. lngle, M .  A. Coodale, R. J. W. Mansfield, 
Eds. (MIT Press, Cambridge, MA,  1982 ) ,  pp. 549-586. 

4. M.  A. Goodale and A. D.  Milner, Trends Neurosci. 15 ,  
20 (1992) .  

17 SEPTEMBER 1999  VOL 285 SCIENCE www.sciencemag.org 



5. R. A. Andersen, Annu. Rev. Neurosci. 12, 377 (1989); 
P. Their and R. A. Andersen, J. Neurophysiol. 80, 1713 
(1998). 

6. R. Desimone, J. Fleming, C. G. Cross, Brain Res. 184, 
41 (1980). 

7. R. Desimone, 8. J. Schein, J. Moran, L. G. Ungerleider, 
Vision Res. 25, 441, (1985). 

8. J. H. R. Maunsell, Science 270, 764 (1995). 
9. B. Fischer and R. Boch, Exp. Brain Res. 44, 129 (1981). 

10. In the deiayed-saccade task, the monkey was first re- 
quired to fixate a central fixation spot within a <lo 
error window, Immediately after fixation, a visual stim- 
ulus was presented within the RF of the neuron under 
study and it remained there until the end of the trial. 
The monkey was required t o  maintain fixation on the 
fixation point for a delay of 1 s, while it waited for the 
appearance of a saccade target (0.25") at one of two 
locations distant from the RF. In two-thirds of the trials, 
the saccade target appeared when the fixation spot was 
extinguished and the monkey was required t o  make a 
saccadic eye movement to the target. In the remaining 
trials, the saccade target did not appear; when the 
fixation spot was extinguished, the monkey was re- 
quired to make a saccadic eye movement t o  the RF 
stimulus. Both conditions were identical until the cue t o  
saccade (disappearance of the fixation spot) and were 
pseudorandomly interleaved. RF st'imuli were light and 
dark bars presented at one of four orientations (0°, 45", 
90°, or 135") on a 34 X 27 cm video monitor driven by 
a number nine graphics board (640 X 480 resolution). 
Eye position was monitored at 200 Hz with a scleral 
search coil (77). Neural activity and eye position data 
were both stored for off-line analysis. The activity of 
single neurons was recorded by standard electrophysi- 
ological techniques described in K. Zipser, V. A. F. 
Lamme, and P. H. Schiller [J.  Neurosci. 16, 7376 (1996)l. 

11. The mean normalized response of 83 orientation- 
selective neurons was first assembled into a matrix of 
response functions in which either the preferred or 
the nonpreferred stimulus was presented t o  the RF. A 
running difference function was then computed from 
a moving average of the activity from preferred and 
nonpreferred trials. The moving average was comput- 
ed within a 50-ms window of activity, which moved 
in 5-ms steps. These difference functions were con- 
structed from both stimulus-aligned and saccade- 
aligned activity. A neuron was considered orientation 
selective if its orientation tuning index (response t o  
best orientation-response t o  worst orientation)/(re- 
sponse t o  best orientation + response t o  worst ori- 
entation) was >0.1. 

12. T. Moore, A. 8. Tolias, P. H. Schiller, Proc. Nati. Acad. 
Sci. U.S.A. 95, 8981 (1998). 

13. We determined the angular distribution of saccade 
endpoints by computing the angular position of each 
endpoint from an axis of orientation passing through 
the median saccade endpoint from a set of trials. 
Individual saccade endpoints were taken as the eye 
position coordinate obtained 60 ms from the start of 
the movement. Because the duration of saccades of 
5 1 0 "  in amplitude is typically between 30 and 50 ms 
(78), this coordinate should represent the ful i dis- 
placement of the movement but still exclude correc- 
tive saccades. We detected the initiation of saccadic 
eye movements by computing the instantaneous eye 
speed from the 200-Hz eye position samples. Any 
eye speed of 2 5 0 "  per second that displaced the eye 
position >0.5" was considered the initiation of a 
saccadic eye movement. 

14. We recorded the activity of each orientation selective 
neuron (n = 83) during 10 t o  35 trials, from which there 
were an equal number of saccadic eye movements 
made t o  each RF stimulus. For trials in which the 
preferred orientation was the RF stimulus, we sorted 
the presaccadic activity during each set of trials in order 
of response magnitude. We sorted the trials according 
to a 50-ms window of activity preceding the onset of 
the saccadic eye movement. This time window centered 
on the peak in the presaccadic selectivity shown in Fig. 
16, namely, 7 5  t o  2 5  ms with respect to the sac- 
cade onset. We then divided the sorted sets of trials 
into two groups: trials with the most activity and trials 
with the least. We divided odd-numbered sets of 
trials eauallv into two subsets, with the middle trial 

t o  which the division of trials resulted in nonover- 17. 5. J. Judge, B. J. Richmond, F. C. Chu, Vision Res. 20, 
lapping distributions of response magnitudes. 535 (1980). 
However, the difference between the t w o  t r ia l  18. D. A. Robinson,]. Physiol. London 174, 245 (1964). 
subsets was always >O. 19. Supported by National Institutes of Health grant 

15. C. J. Blatt, R. A. Andersen, C. R. Stoner, J. Comp. EY0067 and the McDonnell-Pew Foundation. This 
Neurol. 299, 421 (1990); W. Fries, ibid. 230, 55, manuscript benefited from the valuable comments of 
(1984); j .  D. Schall, A. Morel, D. J. King, J. Bullier, P. H. Schiller, M. 8. A. Craziano, C. C. Cross, and t w o  
J. Neurosci. 15, 4464 (1995). anonymous reviewers. 

16, J. M. Croh, R. T. Born, W. T. Newsome, J. Neurosci. 11, 
4312 (1997). 10 May 1999; accepted 13 August 1999 

Constitutive Activation of 
Toll-Mediated Antifungal 
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The antifungal defense of Drosophila is controlled by the spaetzle/Toll/cactus 
gene cassette. Here, a loss-of-function mutation in the gene encoding a blood 
serine protease inhibitor, Spn43Ac, was shown to lead to constitutive expres- 
sion of the antifungal peptide drosomycin, and this effect was mediated by the 
spaetzle and Toll gene products. Spaetzle was cleaved by proteolytic enzymes 
to its active ligand form shortly after immune challenge, and cleaved Spaetzle 
was constitutively present in Spn43Ac-deficient flies. Hence, Spn43Ac nega- 
tively regulates the Toll signaling pathway, and Toll does not function as a 
pattern recognition receptor in the Drosophila host defense. 

Genetic analysis has established that the Toll 
signaling cascade colltrols the antifungal host 
defense of flies ( I ) .  111 particular. Toll medi- 
ates the expression of the antifungal peptide 
drosonlyci~l in the fat body cells by n a y  of 
Rel-Cactus complexes, which are stmchirally 
and functionally equivalent to the vertebrate 
NF-KB-IKB conlplexes ( I ,  2). To11 (TI) was 
initially identified as a gene that controls 
dorsoventral pattenling in the Drosophiln 
e~nbryo (3). The TI gene encodes a transmem- 
brane receptor with extracellular leucine-rich 
repeats and an intracellular donlain exhibiting 
marked sinlilarities with the cytoplaslnic do- 
lnain of the interleultin-1 receptor (4, 5). A 
proteolytically cleaved folnl of the spnetzle 
(spz) gene product is thought to be the extra- 
cellular ligand of Toll both in embl-yonic 
developnlent and in the immune response (I ,  
5). I11 the embryo, a proteolytic cascade. in\ olv- 

ing the Gashulation defective, Snake, and Eas- 
ter proteases; cleaves Spaetzle. a cysteine-knot 
g o ~ v l h  factor. cytoltine-like polypeptide (5). 
The genes encoding these three proteases are 
dispensable for induction of a Toll-mediated 
inun~ule response (1). A human 1101nolog of 
Toll was recently cloned and sho~r-11 to activate 
signal transduction by nay  of YF-KB, leading 
to the production of pro-inflanunatory cyto- 
kines (6). Studies perfornled with human cell 
lines suggest that a lipopolysaccl~aride (LPS)- 
binding and signaling receptor colnplex is as- 
senlbled at the cell lnernbrane where l~~i lnan 
Toll. in association with the MD-2 protein ( 7 ) ,  
interacts with LPS bound to the pelipheral 
~nenlbrane protein CD14 (8-10). T11e LPS sig- 
nal is probably transduced across the nlenlbrane 
by Toll, as  nuta at ions in this gene in Inice lead 
to an LPS-unresponsive state (11). 

Here. we have addressed the activation of 
the Toll receptor during the ilnnlune resvonse - 
of Di~osophiln. For this; we have used flies 
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along the body and the leg joints, correspoad- 
w h o m  correspondence should be addressed, E. ing to necrotic areas in the epidemnlis. This 

, , 
being omitted. No attention was paid t o  the degree h a i l :  reichhart@ib'mc.u-strasbg,fr mutant phenotype is rescued b y  a single 
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