
Neuroscience Letters, 141 (1992) 119 122 119 
© 1992 Elsevier Scientific Publishers Ireland Ltd. All rights reserved 0304-3940/92/$ 05.00 

NSL 08750 

Photo-ablation of single neurons in the fly visual system reveals neural 
circuit for the detection of small moving objects 
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Many animals use relative motion to segregate objects from their background [21, 26, 28, 31, 33]. Nerve cells tuned to this visual cue have been 
found in various animal groups, such as insects [3, 4, 6, 24, 25], amphibians [32], birds [12, 13] and mammals [1, 14]. Well examined examples are the 
figure detection (FD) cells in the visual system of the blowfly [6, 11]. The mechanism that tunes a particular FD-cell, the FDl-cell, to small-field 
motion is analyzed by injecting individual visual interneurons with a fluorescent dye and ablating them by illumination with a laser beam. In this way, 
it is shown that the FDl-cell acquires its specific spatial tuning by inhibitory input from an identified GABAergic cell, the ventral centrifugal 
horizontal (VCH)-cell which is most sensitive to coherent large-field motion in front of both eyes. For the first time, the detection of small objects by 
evaluation of their motion parallax, thus, can be attributed to synaptic interactions between identified neurons. 

The visual system of the blowfly (Calliphora erythro- 
cephala) comprises 3 consecutive visual ganglia and is 
characterized by a layered columnar structure. The pos- 
terior part of the third visual ganglion is the main center 
of motion computation in the blowfly's brain. There, 
about 50 directionally selective interneurons with large 
receptive fields can be identified individually by their an- 
atomical structure and functional properties [18]. All of 
these so-called tangential cells acquire their motion sensi- 
tivity by spatially integrating with their extended den- 
dritic trees over retinotopically organized local motion 
detectors (for review see ref. 2). The responses of a par- 
ticular tangential cell, the figure detection (FD)l-cell in 
the right half of the brain, to various motion stimuli were 
determined by extracellular recording techniques (for de- 
tails see ref. 6) and are shown in Fig. 1 after the spontane- 
ous activity was subtracted. Square-wave gratings mov- 
ing horizontally with a constant velocity were generated 
on two CRT-screens mounted in front of the fly's eyes. 
The right screen was subdivided along its horizontal axis 
in two areas, with the frontal part corresponding to the 
stimulus area where small-field motion was presented to 
the fly. The FD 1-cell responds best to front-to-back mo- 
tion in the fronto-lateral visual field and prefers objects 
that are relatively small (5°-40 ° angular size) as com- 
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pared with the fly's panoramic visual field. The FDl-cell 
responds only weakly to more extended motion stimuli. 
Its activity is smallest or may be even completely sup- 
pressed during coherent rotatory large-field motion in 
front of both eyes as is induced on the eyes when the 
animal turns about its vertical body axis (Fig. 1) [6]. 
Therefore, the FD 1-cell was proposed to be inhibited by 
a cell most sensitive to binocular large-field motion [7]. 

Owing to its functional properties, the ventral centrifu- 
gal horizontal (VCH)-cell is appropriate to act as large- 
field inhibitor of the FDl-cell. Since the VCH-cell re- 
sponds to motion mainly with graded membrane poten- 
tial changes [5, 16], it was recorded intracellularly with 
40-50 Mr'2 electrodes filled with 3% Lucifer yellow CH 
(Sigma) (for details of the methods, see ref. 10). The 
VCH-cell responds best during binocular rotatory large- 
field motion [5, 15, 16], i.e. when the inhibition of the 
FD 1-cell is strongest (Fig. 1). As is suggested by immu- 
nohistochemical labelling, the VCH-cell is GABAergic 
[20, 23] and, thus, an inhibitory element. Recent pharma- 
cological experiments revealed that the FDl-cell's spe- 
cific tuning to small-field motion can be blocked by 
GABA-antagonists [9, 34]. 

To find out whether the VCH-cell is indeed the large- 
field inhibitor of the FDl-cell, we employed the photo- 
inactivation technique. This method was originally de- 
veloped for dissecting out single neurons from small cir- 
cuits of neuronal motor pattern generators in the lobster 
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Fig. 1, Schematic diagram of the proposed mechanism responsible lk)r 
tuning the FDl-cell to small-field and relative motion. The FDI-cell 
and its proposed inhibitory input element (veil-cell) are illustrated by 
boxes. The inhibitory GABAergic synapse is represented by the open 
triangle. The sensitivity of the FDl-cell in the right half of the brain of 
the blowfly (Calh~phora erythrocephala) to small-field and large-field 
motion is illustrated by the bars below the schematic FDl-cell. The 
normalized mean spike frequency responses and S.E.M.s obtained 
from 5 flies and a total of 25 stimulus presentations are displayed for 
small-field motion either alone or together with large-field motion in 
front of the ipsilateral eye, the contralateral eye or both eyes, respec- 
tively. The stimulus conditions are indicated by the arrows below the 
response bars. The normalized graded membrane potential changes of 
the VCH-cell to the same types of large-field motion are shown under- 
neath the schematic VCH-cell. The data are averages from 6 flies and a 
total of 95 stimulus presentations. Stimulus conditions for FDl-cell 
recording: position of the center of the screen (azimuth, elevation with 
the long axis and the equatorial plane of the head corresponding to 0 ° , 
0°): left monitor: -45 °, 0°; right monitor: +25 °, 0 °. Size of the moni- 
tors (horizontal, vertical): 68 °, 81 °. Horizontal size of the small-field 
stimulus: was chosen to obtain optimal responses and amounted to 
either 13 ° or 20 °. Spatial wavelength: 7.8 °. Temporal frequency: 2 Hz. 
Contrast: 92.5%. Stimulus conditions for VCH-cell recording: position 
of the center of the screen (azimuth, elevation): left screen: 48 °. 0c: 
right screen: +48 °, 0 °. Size of the screens (horizontal, vertical): 48 °, 
35 °. Spatial wavelength: 12 °. Temporal frequency: 2 Hz. Contrast: 

20%. 

[22, 30] a n d  w a s  r ecen t l y  a p p l i e d  in t he  m e c h a n o s e n s o r y  

a n d  a u d i t o r y  s y s t e m  o f  c r i cke t s  [19, 29]. T h e  cell to  be  

i n a c t i v a t e d  was  i o n t o p h o r e t i c a l l y  filled w i t h  a s a t u r a t e d  

s o l u t i o n  o f  6 - c a r b o x y - f l u o r e s c e i n  ( S i g m a )  in 1 M p o t a s -  

s i u m  a c e t a t e  ( - 1 . 7  to  - 4  n A ;  1 1 -45  min) .  S ince  t he  la rge  

m o t i o n  sens i t i ve  n e u r o n s  o f  t he  b lowf ly  h a v e  a n  a l m o s t  

p l a n a r  d e n d r i t i c  t ree  ly ing  c lose  to  t he  surl ;ace o f  the  

b r a i n  [17] t he  i n j ec t ed  cell c a n  be  e x p o s e d  in v i v o  to  l ase r  

i l l u m i n a t i o n ,  T h i s  was  d o n e  fo r  a b o u t  2 m i n  w i t h  a l ase r  

b e a m ,  a f t e r  the  F D  1 -cell w a s  c h a r a c t e r i z e d .  W i t h  a d i a m -  

e t e r  o f  a p p r o x i m a t e l y  0.5 m m ,  t he  lase r  b e a m  c o v e r e d  

m o s t  o f  t he  t h i r d  v i sua l  g a n g l i o n  ( A r g o n  L a s e r  ILT  

M o d e l  5425,  I o n  L a s e r  T e c h n o l o g y ,  25 m W ) .  D u r i n g  

lase r  i l l u m i n a t i o n  the  p r e p a r a t i o n  c o u l d  be  o b s e r v e d  

t h r o u g h  a d i s s e c t i o n  m i c r o s c o p e  (Zeiss ,  O M P 1 )  f i t ted  
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Fig. 2. Elimination of the specific sensitivity of the FDl-cell to small- 
field motion by photo-ablation of the VCH-celI. Upper diagrams: spike 
frequency histograms of the responses to small-field motion and rota- 
tory binocular large-field motion (stimulus conditions as indicated by 
tile arrows underneath the response traces) before and 4 min alter 
pholo-inactivation of the VCH-cell. The responses were averaged for 5 
consecutive stimulus presentations. The mean response of the FDl-cell 
during small-field motion is indicated by the hatched line. Bonom dia- 
grams: averaged normalized selectivity l\)r small-field motion of the 
FDl-cell bet\)re and after photo-inactivation of the VCH-celI. The se- 
lectivity index for small-field motion is given by the difference between 
the responses to small-field and binocular large-field motion divided by 
their sum, For each fly. the mean responses before and after photo- 
inactivation were determined from 15 100 consecutive stimulus presen- 
tations, depending on the stability of the record. From the selectivity 
indices obtained from 4 animals the means and S.E.M. were deter- 
mined. Visual stimulus conditions were slightly modified as compared 
with that specified in the legend of Fig. 1. To have a larger ipsilateral 
stimulus field two monitors were mounted in front of the right eye, one 
above the other. Position of the center of the screen (azimuth. eleva- 
tion): left monitor: -59 °, 6°: upper right monitor: +24 °, +44°: lower 
right monitor: +24 ° , 36 ° . Sizes of the monitors (horizontal, vertical): 
left: 60 °, 50'>: upper right: 55 ~, 41~: lower right: 57 °, 45 °. Horizontal 
size of the small-field stimulus: 3U' or 44 °. Spatial wavelength: 12 °. 

Temporal frequency: 2 Hz. Contrast: 81%. 

w i t h  a n  o r a n g e  f i l ter  ( S c h o t t ,  O G  590). T h e  p h o t o - i n a c t i -  

v a t i o n  t e c h n i q u e  kills o n l y  t he  i n j ec t ed  cell l e a v i n g  the  

r e s p o n s e  p r o p e r t i e s  o f  o t h e r  n e r v e  cells  u n a f f e c t e d  [22]. 

T h i s  se lec t iv i ty  was  c o n f i r m e d  by  i r r a d i a t i n g  the  b l o w -  

f ly 's  t h i r d  v i sua l  g a n g l i o n  w i t h  t he  l ase r  b e a m  a n d  re-  

c o r d i n g  s i m u l t a n e o u s l y  the  r e s p o n s e s  o f  m o t i o n  sens i t i ve  

n e u r o n s  t h a t  h a d  n o t  b e e n  filled b e f o r e  w i t h  t he  f luores -  

c e n t  dye.  In c o n t r a s t ,  cel ls  c o n t a i n i n g  dye  b e c a m e  d e p o -  

l a r i zed  d u r i n g  l a se r  i r r a d i a t i o n  a n d  n o  l o n g e r  r e s p o n d e d  

to  v i sua l  s t i m u l a t i o n .  

In a t o t a l  o f  9 e x p e r i m e n t s  o n e  o f  t h r e e  iden t i f i ed  in- 

t e r n e u r o n s  ( e q u a t o r i a l  h o r i z o n t a l  ( H S E )  cell, d o r s a l  cen-  

t r i fuga l  h o r i z o n t a l  ( D C H )  cell, v e n t r a l  c e n t r i f u g a l  h o r i -  
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zonta l  (VCH)  cell) in the b lowfly ' s  th i rd  visual  gangl ion  

was ind iv idua l ly  filled with 6-carboxy-f luorescein .  Al l  

these cells r e spond  best  to  r o t a t o r y  b inocu la r  large-field 

m o t i o n  [18] and,  thus,  cou ld  p l ay  a role in the circui t  

tun ing  the F D l - c e l l  to small-f ield and  relat ive mot ion .  

Then  the F D l - c e l l  was p r o b e d  and,  af ter  charac te r iza -  

t ion o f  its n o r m a l  responses  to large-field and  small-f ield 

mot ion ,  the injected cell was killed. Pho to - inac t i va t i on  o f  

nei ther  the HSE-ceU nor  the DCH-ce l l  s ignif icantly af- 

fects the tuning  o f  the F D l - c e l l  to small  mov ing  objects.  

In cont ras t ,  pho to - i nac t i va t i on  o f  the VCH-ce l l  a l ters  

the response  profi les  o f  the F D l - c e l l  cons ide rab ly  (Fig.  

2). Whereas  it r e sponds  with  a larger  spike f requency 

dur ing  small-f ield than  dur ing  large-field m o t i o n  before  

pho to - inac t iva t ion ,  the spike f requency to large-field 

m o t i o n  increases af ter  the VCH-ce l l  has  been kil led and  

now becomes  somewha t  larger  than  the spike f requency 

induced  by small-f ield mot ion .  The  b o t t o m  d iag rams  o f  

Fig. 2 i l lustrate  the mean  no rma l i zed  differences between 

the responses  o f  the F D l - c e l l  to large-field and  small-  

field mot ion ,  respectively;  before  pho to - inac t i va t i on  the 

difference is s ignif icant ly larger  than  zero (P<0.0005; 

S tuden t ' s  t-test); af ter  pho to - inac t i va t i on  it is smal ler  

than  zero (P<0.001).  These  d a t a  reveal  tha t  ab l a t ion  o f  

the  VCH-ce l l  e l iminates  the tun ing  o f  the F D l - c e l l  to 

small  objects  mov ing  relat ive to their  background .  

Hence,  f rom the set o f  visual  in te rneurons  in the fly's 

b ra in  which possess  the a p p r o p r i a t e  d i rec t ion  selectivity, 

the VCH-ce l l  appea r s  to be the only  one tha t  inhibi ts  the 

F D l - c e l l  and,  thus,  is respons ib le  for  the specific tuning  

o f  the F D  1-cell to small-f ield and  relat ive mot ion .  

To our  knowledge ,  the present  laser  ab l a t ion  experi-  

ments  are  the first successful a t t empt  to e lucidate ,  on the 

basis  o f  synapt ic  in te rac t ions  between identif ied in- 

te rneurons ,  the neurona l  mechan i sm tha t  tunes a visual 

in te rneuron  to  relat ive m o t i o n  o f  compara t i ve ly  small  

objects .  This  appea r s  to be all the more  interes t ing as we 

know the func t iona l  context  o f  this circuit.  By c o m p a r i n g  

behav io ra l  responses  o f  t e thered  flies with the response  

character is t ics  o f  the F D l - c e l l ,  the F D l - c e l l  has been 

conc luded  to p lay  a decisive role in d i sc r imina t ing  mov-  

ing objects  f rom their  b a c k g r o u n d  and  med ia t ing  orien-  

t a t ion  turns  t owards  them [7, 8,11,27].  Hence,  the circuit  

es tabl i shed  in the present  s tudy is one o f  the very few 

examples  where  it has  been poss ible  to l ink visual  or ien-  

t a t ion  behav io r  to ne twork  in te rac t ions  at the cel lular  

level. 
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