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of 410 n m  of f l -naph thy lamine  released by  enzymat i c  
hydro lys is  of amino  acid f l -naph thy lamides  was measured  
wi th  the  exc i t a t ion  l ight  a t  335 n m  using an Aminco-  
B o w m a n  S p e c t r o p h o t o f l u o r o m e t e r  8. A b lank  w i tho u t  
subs t r a t e  was  run  for each sample .  All values  were cor- 
rec ted  for spon t aneous  hydro lys i s  of amino  acid fl-naph- 
t h y l a m i d e  ~ by  subs t r ac t ing  the  value in a contro l  solut ion 
con ta in ing  wa te r  ins tead  of t he  e n z y m e  sample .  Serum 
e n z y m e  act iv i t ies  were  measu red  color imetr ical ly .  In-  
cuba t ion  was s topped  by  the  add i t ion  of 0.3 ml  of 10% 
Tween-20 in 1 M ace ta te  buffer  p H  4.2 conta in ing  0.45 mg 
of s tabi l ized d iazon ium sal t  F a s t  Garne t  GBC. 

Resu l t s  are shown  in t he  Table.  A l though  the  ac t iv i t ies  
in h u m a n  p a r o t i d  sal iva were ve ry  low c o m p a r e d  wi th  
those  in serum,  e n z y m es  responsible  for t he  hydro lys i s  of 
var ious  k inds  of amino  acid f l -naph thy lamide  were found  
in h u m a n  pa ro t id  saliva. Subs t r a t e  specifici t ies of 
hydro lys i s  of var ious  amino  acid f l -naph thy tamides  by  

Hydrolysis of amino acid fl-naphthylamides by human parotid saliva 
and serum 

Amino acid 
fl-naphthylamide 

Aminopeptidase activity (mean :k S.D.) 

Parotid saliva Serum 
m/~moles/min]l /2moles/min]t 

Ala 87.0:1: 5.7 78.3 4- 19.0 
Arg 7.5 ~ 3.5 34.8 4- 18.0 
Asp-NHz 7.3 ± 3.0 0.9 
(X-L-Asp 0.8 ~ 0.9 0.8 4- 0.5 
fl-Asp 0.0 0,0 
GIu-NH 2 18.8 -4..= 4.5 20.0 
(x-L-Glu 1.2 :k: 1.6 8.6 4- 3.6 
D-GIu 0.0 0.0 
~,-Glu 0.0 0.0 
Gly 4.7 i 6.4 9.8 
Gly-Phe 10.0 ~ 4.4 9.6 ~- 4.5 
Gly-Pro 1120 4- 692 25.1 
lie 23.7 i 10.8 8.4 :[_ 3.5 
Leu 94.3 4- 10.8 45.0 4- 18.4 
Lys 16.8 ± 5.7 10.3 
Met 101.3 ± 16.5 65.5 4- 27.2 
Norleu 125.3 ~ 71.9 34.0 4- 19.3 
Norval 46.3 :{: 19.8 26.6 
Phe 65.0 34.0 
Pro 6.8 ~ 7.9 1.8 4- 1.9 
Ser 0.0 4.6 ± 3.0 
Val 5.5 4- 2.5 7.6 4- 4.1 

h u m a n  pa ro t id  sal iva were similar to  those  by  h u m a n  
serum. N a p h t h y l a m i d e  der iva t ives  of alanine,  leucine, 
meth ionine ,  and  nor leucine were good subs t r a t e s  for b o t h  
sa l ivary  and  serum enzymes .  The  hydro lys is  of lysine and  
arginine m a y  be ca ta lyzed  by  a mi n o p e p t i d a s e  B 9 in 
pa ro t id  saliva. This  e n z y me  ac t iv i ty  m a y  have  significance 
in the  fo rma t ion  of b r adyk in in  f rom kallidin-101° in 
saliva. Very  low ac t iv i ty  of the  hydro lys i s  of (x-L-aspartyl 
f l -naph thy lamide  and  (x-L-glutamyl f l -naph thy lamide  was 
de tec ted  in sal iva only  in the  presence  of Ca ~+. This  
ac t iv i ty  m a y  be ca ta lyzed  by  a mi n o p e p t i d a s e  A n in 
pa ro t id  saliva. This e n z y me  in se rum is responsib le  for 
t he  des t ruc t ion  of angio tens in  I I  ~. I t  is in te res t ing  t h a t  
t he  hydro lys i s  of g lycyt-prolyl  f l -naph thy lamide  in p a r o t i d  
sal iva was re la t ive ly  higher  t h a n  those  of o the r  amino  
acid f l -naphthylamides ,  ind ica t ing  the  presence  of a 
newly  descr ibed  e n z y m e  13 in pa ro t id  sa l ivary  fluid 14. 

Zusammen/assung. Die Aktivit~it der  A m i n o p e p t i d a s e n  
im mensch l ichen  Speichel  yon  Ohrspeicheldr i i sen  wurde  
du rch  F luoreszenzana lyse  gemessen.  Die Subs t ra t spez i -  
fit~it der  Spe iche laminopep t idasen  war  der jen igen  der  
S e r n m e n z y m e  ~ihnlich. Das  Glycyl -Prol in  f l -naphthyl -  
a m i d s p a l t e n d e  E n z y m  war  j edoch  im Speichel  von  Ohr-  
speicheldr i isen in re la t iv  gr6sserer  Menge vo rhanden ,  
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R e c e p t i v e  F i e l d s  o f  C e l l s  in  t h e  H u m a n  V i s u a l  C o r t e x  

Microelectrodes  deve loped  for neurosurgical  use 1 were 
a d a p t e d  for chronic  i m p l a n t a t i o n  in to  the  bra in  of pa t i en t s  
w i t h  i n t r ac t ab l e  seizures ~, in add i t ion  to  t he  usual macro-  
e lec t rodes  of ' d e p t h  e l ec t rography  'a. By  means  of these  
indwel l ing microe lec t rodes  scores of single uni ts  in t he  
visual  cor tex  have  been  observed,  m a n y  showing no 
change  of a c t i v i t y  to  a n y  of a wide  range of s t imuli .  
Many  o the r  un i t s  were  respons ive  to  general  visual  
s t imula t ion  (by the  m o v e m e n t  of r a n d o m  sized discs and  
bars  in var ious  o r ien ta t ions  on con t r a s t i ng  backgrounds) ,  
b u t  in each of these  we could no t  f ind a specific or key 
fea ture  of t he  s t imulus  which  would al low us to  p lo t  t h e  
recep t ive  field, This  is def ined as a spat ia l  p lo t  of t he  

visual  s t imul i  which inf luence the  firing of the  un i t  unde r  
observa t ion .  

A n u m b e r  of recep t ive  fields be longing  to  b o t h  cell 
bodies  and  axons  were found in several  pa t i en t s .  W e  h a d  
the  o p p o r t u n i t y  to  s t u d y  5 of t h e m  in 2 a ler t  and  co- 
ope ra t ive  pa t i en t s .  The  p a t i e n t  v iewed a 'gra in  of whea t '  
l amp  or an  ink  d o t  accura te ly  and  w i t h o u t  diff icul ty.  
P l o t t i n g  was  done  d i rec t ly  on a large wh i t e  or  b lack shee t  
of c a rdboa rd  a t  a d i s tance  of 1 m wi th  the  aid of var ious  
sized b lack and  whi te  discs and  bars  held  on thin ,  stiff, 
wire handles  (Fig. 1). Similar  w a n d s  were used in 4 colors, 
red,  yellow, green and  blue.  S p e c t r o p h o t o m e t r i c  curves  
of these  colors are unimodal ,  reveal ing  good pu r i ty  of hue.  
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Fig. 1. The patient with indwelling mieroelectrodes is viewing an ink dot at 1 m distance while his visual fMd is being searched for the 
receptive field of a cell in the visual cortex whose spontaneous activity is being monitored through a loudspeaker and cathode ray 
o~illoscope. The receptive field was outlined in pencil on the background for measurement later. 

The fields basical ly resembled  those  s tudied  by  HUBEL 
a n d  WIESEL in ca ts  4, b u t  differed in cer ta in  i m p o r t a n t  
detai ls .  The  p lo t t ed  recep t ive  fields, labeled A to  E in- 
clusive, are descr ibed in the  Table.  S t imulus  veloci ty  was 
no t  critical.  The exac t  locat ion of the  imp lan t ed  micro- 
e lec t rodes  in t he  visual  co r t ex  is unce r t a in  since t h e y  
were  inser ted  f r eehand  in to  t he  co r t ex  t h rough  a bu r r  
hole 2 cm f rom the  midl ine  a t  the  occipi ta l  pole, Un i t  A 
was p robab ly  in t he  s t r ia te  cor tex  (area 17) and  the  res t  
in the  para-  or per i s t r ia te  cor tex  (area 18 or 19). 

One of t he  5 units,  D, r e sponded  to  m o v e m e n t  of t he  
specific b a r  s t imulus  over  a wide area  of t h e  visual  field. 
Two recep t ive  fields were circular or d isc-shaped (B and E) 
and  the  res t  were rec tangu la r  or ba r - shaped .  All p ro jec ted  
f rom the  lef t  visual  field to  the  r igh t  hemisphe re  excep t  A 
which  was  1-I/z ° f rom the  f ixa t ion  poin t .  The  recep t ive  
field of th is  uni t  p ro jec ted  f rom the  left  visual  field to  t he  
left  hemisphere .  The pro jec t ion  is e i ther  d i rec t ly  t h roug h  
the  p r i m a r y  visual  p a t h w a y s  or indi rec t ly  via the  corpus  
cal losum. If  i t  were the  former  i t  m i g h t  accoun t  for clinical 
' spa r ing  of t h e  macula '  where  t he  cent ra l  visual area  
remains  func t iona l  in hemianops ia .  

The  ba r - shaped  recep t ive  fields were hor izonta l  excep t  
for A which  was a lmos t  ver t ical  (95 ° f rom a r ight  hori- 
zonta l  reference line t h r o u g h  the  f ixa t ion  point) .  Two 
recep t ive  fields, A and  D, r e sponded  clear ly only  dur ing  
m o v e m e n t  of the  t a rge t  in the  recep t ive  field. We have  
seen no di rect ional  se lec t iv i ty  exh ib i t ed  in our small  
sampl ing  of ind iv idua l ly  p lo t t ed  recept ive  fields, a l though  
a p p a r e n t  d i rec t iona l i ty  was  some t imes  no ted  m o the r  
un i t s  when  complex  s t imul i  of r a n d o m  discs and bars  

were swept  across the  visual field. Some uni ts  were 
ac t iva t ed  by s t imul i  p resen ted  to  e i ther  eve. in approx i -  
ma te ly  cor responding  areas  of t he  visual field, o thers  
were ma in ly  or to ta l ly  monocula r ly  s t imula ted .  

All the  uni ts  exh ib i t ed  a s l ight ly i rregular  or ' b u r s t y '  
spon t aneous  r h y t h m .  A record f rom 1 uni t  is seen in 
Figure 2. No influence on these  recep t ive  fields of non-  
visual sensory  s t imul i  was not iced.  The source of the  
i r regular i ty  of the  spon t aneous  r h y t h m  was not  appa ren t .  

Changes  in room i l luminat ion  or occlusion of the  eyes 
by  a large card  did no t  no t iceab ly  affect  t he  r h y t h m .  The  
pa t i en t  was ins t ruc ted  to  close his lids, fol lowing which  
an inhibi t ion of the  r h y t h m  was observed  in all instances.  

The uni t s  were all exc i ta tory ,  t h a t  is, the  cell 's firing 
ra te  increased to s t imula t ion  wi th in  the  recept ive  field. 
No man ipu la t ion  of visual s t imuli  would decrease th is  
rate.  I nh ib i t o ry  effects  on the  spon t aneous  r h y t h m  could 
be d e m o n s t r a t e d  only by the  closing of the lids and no t  
by  occlusion of the  eyes. This  would suggest  t h a t  the  
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Receptive fields from cells in the human  visual cortex 

Specialla EXPERIENTIA 24]4 

Receptive Receptive Disc diameter Field position from Eye Hemi- Remarks 
field field shape or bar  width viewing point sphere 

A Bar almost 17 min are t-~]2 ° left Left (right response Left Response 
vertical (95 ° ) less) primarily 

to movement  

B Disc 11 ° 23 ° down, 23 ° left Right Right 

C Bar horizontal 1-~]3 ° 6 ° up, I1 ° left Right (little or no Right 
response from left) 

D Bar horizontal l-e]~ ° Centred, 6 ° up, Right (no response Right Response 
17 ° left. Extended from left) primarily 
over 12 ° vertically to movement  

Plasticity 
E Disc 8-1/z ° 8 ° tip, 8 ° left Right and left Right 

All receptive fields or their units: (1) were in the left visual field; (2) were excitatory; (3) were inhibited upon closing of eyelids; (4) exhibited 
no difference in response among red, yellow, green, blue, black and white stimuli; (5) were uninfluenced by voluntary mental  efforts; 
(6) exhibited no apparent  influence from other sensory modalities. 

Fig. 2. Recording from a unit  which gave the receptive field labeled E in the Table. Calibration : 50/*V, 5 msec, positive up. 

s e n s a t i o n  o f  b l a c k  d o e s  n o t  a r i s e  f r o m  t h i s  i n h i b i t i o n .  VVe 
a r e  n o t  c o n v i n c e d  o f  t h e  a b s e n c e  in  m a n  of  i n h i b i t o r y  
a r e a s  s u r r o u n d i n g  t h e s e  e x c i t a t o r y  c e n t e r s  n o r  of  in -  
h i b i t o r y  c e n t e r s  p e r h a p s  w i t h  e x c i t a t o r y  s u r r o u n d s  as  in  
t h e  c a t  4, b u t  we  h a v e  n o t  y e t  f o u n d  a n y  t r a c e  of  t h e m .  
M o r e  r e f i n e d  p l o t t i n g  m a y  u l t i m a t e l y  r e v e a l  i n h i b i t o r y  
i n f l u e n c e s .  

P o s s i b l y  m o s t  s u r p r i s i n g  o f  al l  in  v i e w  of  t h e  r i c h  
r e p r e s e n t a t i o n  of  h u e  r e p o r t e d  in  t h e  l a t e r a l  g e n i c u l a t e  
b o d y  a n d  v i s u a l  c o r t e x  o f  t h e  m o n k e y  5 t h e  d i f f e r e n t  co lo r  
o f  t h e  s t i m u l i  ( red,  ye l l ow ,  g r e e n ,  b lue ,  b l a c k  a n d  w h i t e  
o n  c o n t r a s t i n g  b a c k g r o u n d s }  e l i c i t ed  i d e n t i c a l  f i e lds .  E a c h  
cell  r e s p o n d e d  t o  a l l  co l o r s  e q u a l l y  w i t h o u t  d i s t i n c t i o n .  

O n e  cell,  D ,  h a d  a r e c e p t i v e  f i e ld  in  w h i c h  a h o r i z o n t a l  
b a r  1-2/3 ° w i d e  e l i c i t ed  a r e s p o n s e  o v e r  a r a n g e  of  12 ° 
v e r t i c a l l y .  I t  d i s a p p e a r e d  a f t e r  s o m e  1 0 - 1 5  m i n  ( a l t h o u g h  
t h e  u n i t ' s  s p o n t a n e o u s  r h y t h m  w a s  o b s e r v e d  c o n t i n u -  
o u s l y ) .  T h e  p h e n o m e n o n  a p p a r e n t l y  w a s  h a b i t u a t i o n  
w i t h o u t  d i s h a b i t u a t i o n  s i n c e  i t  c o u l d  n o t  b e  r e s t o r e d  b y  
e x t r a n e o u s  s t i m u l i  e. U p o n  r e t u r n i n g  t o  t h e  s a m e  m i c r o -  
e l e c t r o d e  a b o u t  x/z h l a t e r ,  t h e  u n i t  w h i c h  a p p e a r e d  t o  be  
t h e  s a m e  o n e  a s  b e f o r e  h a d  a c h a n g e  o f  t h e  s ize  a n d  l o c u s  
o f  i t s  r e c e p t i v e  f i e ld  d e m o n s t r a t i n g  a p l a s t i c i t y .  I t  a g a i n  
d i s a p p e a r e d  e v e n  m o r e  r a p i d l y  t h a n  be fo r e .  T h i s  p h e n o m -  
e n o n  a p p e a r s  t o  be  a d e c o u p l i n g  of  t h e  u n i t  f r o m  i t s  v i s u a l  
i n p u t  b e c a u s e  t h e  i r r e g u l a r  s p o n t a n e o u s  r h y t h m  c o n t i n u e s  
u n c h a n g e d .  I t  is pos s ib l e ,  w h e n  t i m e  a l lows ,  t o  m e a s u r e  
t h e  r e c e p t i v e  f i e lds  ( v i s u a l  g r a i n )  a t  d i f f e r e n t  f i x a t i o n  
d i s t a n c e s ,  g i v i n g  d i r e c t  i n f o r m a t i o n  a b o u t  t h e  s ize  c o n -  
s t a n c y  m e c h a n i s m  L 

A t t e m p t s  t o  h a v e  t h e  p a t i e n t  m e n t a l l y  c o n t r o l  u n i t  
r h y t h m s  w h i c h  h e  c o u l d  h e a r  o v e r  a l o u d s p e a k e r  w e r e  
f r u i t l e s s .  S i m i l a r l y ,  a t t e m p t s  a t  m e n t a l  i m a g e r y ,  e v e n  o f  
t h e  e f f e c t i v e  t a r g e t  s e e n  m o m e n t s  p r e v i o u s l y ,  d i d  n o t  
n o t i c e a b l y  i n f l u e n c e  t h e  u n i t  r e s p o n s e .  T h e s e  ce l l s  s e e m  
to  h a v e  n o  ro le  in  m e n t a l  v i s u a l  i m a g e r y .  

O u r  p r e l i m i n a r y  r e s u l t s  a r e  o f  i n t e r e s t  i n  t h e m s e l v e s ,  
b u t  p e r h a p s  m o r e  i m p o r t a n t  is  t h e  d e m o n s t r a t i o n  o f  t h e  
k i n d s  o f  p r o b l e m s  t h a t  c a n  b e  s o l v e d  o n l y  b y  t h i s  k i n d  o f  
i n v e s t i g a t i o n  in  c o n s c i o u s  h u m a n  p a t i e n t s .  I t  s e e m s  en -  
t i r e l y  c l e a r  t h a t  t h i s  a p p r o a c h  m a y  h e l p  e l u c i d a t e  t h e  
c o m p l e x  p s y c h o l o g i c a l  p h e n o m e n a  of  t h e  v i s u a l  s y s t e m  
a n d  c o u l d  be  a p p l i e d  e q u a l l y  we l l  t o  o t h e r  s e n s o r y ,  m o t o r ,  
a n d  i n t e g r a t i v e  s y s t e m s  of  t h e  b r a inS .  

Rdsumd, D e s  m i c r o 6 1 6 c t r o d e s  i m p t a n t 6 e s  d a n s  le c o r t e x  
h u m a i n  v i s u e l  d o n n e n t  d e s  c h a m p s  r 6 c e p t i f s  d e  f o r m e s  
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