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resu l t  in  a s u b s t a n t i a l  effect  u p o n  Iipogenesis.  A l t h o u g h  
t he  p re sen t  d a t a  ind ica te  t h a t  one i n h i b i t o r y  si te  of ac t ion  
of l igh t  is u p o n  ace t a t e  a c t i v a t i o n  t h e y  do no t  p rec lude  
a n  effect  on  o the r  suscep t ib le  si tes p r io r  to  t h e  f o r m a t i o n  
of ace ty l  Co Ag. 

Zusammen/assu~g. Die S y n t h e s e  y o n  S te ro len  in 
mensch l i che r  H a u t ,  welche im langwel l igen  Spek t ra l -  
bere ich  b e s t r a h l t  w o r d e n  war,  wurde  m i t  r a d i o a k t i v  mar -  
k i e r t e m  Acetyl-Co A, A c e t a t  a n d  P y r u v a t  gepri lf t .  Von  
Acetyl-Co A k o n n t e  n u r  ger inge H e m m u n g  nachgewiesen  
werden,  w~thrend L ich t  eine m e r k b a r e  H e m m u n g  yon  
A c e t a t  u n d  P y r u v a t i n k o r p o r a t i o n  ve ru r sach t e .  Die Re-  

su l fa te  lassen v e r m u t e n ,  dass  die A c e t a t a k t i v i e r u n g  die 
yon  L ich t  bee in f lussbare  Stufe  in der  B io syn the se  yon  
Stero len  ist. 
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Keratin Decomposition by Dermatophytes: Evidence Of the Sulphitolysis of the Protein 

D e r m a t o p h y t e s  are capab le  of decompos ing  kera t in ,  
r e s i s t a n t  sc le ropro te in  v e r y  r ich  in cyst ine .  Never the less ,  
t h e  m e t a b o l i s m  of su l phu r  in these  fungi  has  been  g iven  
sma l l  a t t e n t i o n  so i a r  1-~. Therefore ,  we e x a m i n e d  the  
g r o w t h  of t he  d e r m a t o p h y t e  Microsporum gypseum on 
med ia  c o n t a i n i n g  0.1% cyst ine .  As bas ic  nu t r i en t s ,  t he  
med ia  c o n t a i n e d  1% gelat in,  s e rum a l b u m i n  or casein or 
0 .8-1 .0% glucose c o m b i n e d  w i t h  0 .1 -0 .4% pep tone ,  
g lu tamin ,  u r ea  or (NH4)2HPO ~. On all  media ,  cys t ine  was 
i n t ens ive ly  me tabo l i z ed  a n d  i ts  s u l phu r  a lmos t  quan -  
t i t a t i v e l y  c o n v e r t e d  to  su lpha t e  excre ted  in to  t h e  cu l tu re  
fluid. A p a r t  f rom su lpha t e  as f ina l  ox ida t i on  p roduc t ,  we 
h a v e  also found  su lph i t e  in  some cu l tu re  f i l t ra tes .  I t  used 
to  a p p e a r  in  a m o u n t s  of severa l  t en s  up  to h u n d r e d s  
#g /ml .  I n  m o s t  of t h e  media ,  no free su lph i te  could be  
de t ec t ed  in  a n y  p h a s e  of t h e  growth .  However ,  consid-  
e rable  a m o u n t  of th i s  c o m p o u n d  was found  a f te r  t r ea t -  
m e n t  b y  a lka l ine  cyan ide  (NaCN, f ina l  c o n c e n t r a t i o n  
0 . 5 % ;  E D T A  10-~M; p H  10-11,  50~ 30 rain).  Th i s  
' b o u n d  su lph i t e '  obv ious ly  r ep resen t s  t he  S-sulphocys-  
te ine,  wh ich  o r ig ina t ed  b y  a n o n e n z y m i c  reac t ion  be- 
tween  cys t ine  a n d  sulphi teS:  
R-S.S-1R + HSO'~ .~ R - S H  + R-S.SO'~.  
S-su lphocyate ine  (as well  as o the r  S - t h i o s n l p h a t e  esters) 
can  be  spl i t  b y  cyan ide  to t h i o c y a n a t e  a n d  su lphi teS:  
R-S.SOat-I + CN'  -~ R - S C N  + HSO'~.  
Therefore  we conc luded  t h a t  on our  m e d i a  i t  was  a lways  
also su lph i te  t h a t  was  p roduced  besides  su lpha te .  I n  mos t  
cases th i s  su lph i t e  d i s appea r ed  due to  t he  r eac t ion  w i t h  
excess cyst ine .  The  capac i t y  of p roduc ing  su lph i t e  b y  
ox ida t i on  of cys t ine  was l a t e r  p r o v e d  b y  us also in o the r  
species of d e r m a t o p h y t e s .  

The  f indings  descr ibed  m a y  be  of i m p o r t a n c e  for eluci- 
d a t i n g  k e r a t i n  decompos i t ion  b y  d e r m a t o p h y t e s .  Since 

su lph i t e  is also p r o d u c e d  f rom p r o t e i n - i n c o r p o r a t e d  
cyst ine ,  t he  fungus  could use i t  for  sp l i t t i ng  d i su lph ide  
b o n d s  of ke ra t in .  K e r a t i n  d e n a t u r e d  b y  ' su lph i to lys i s '  
would  t h e n  be  easi ly  accessible to  t he  p ro te inases  of t he  
fungus.  

The  resu l t s  co r robo ra t i ng  th i s  h y p o t h e s i s  were o b t a i n e d  
b y  t he  ana lys i s  of cu l tu re  f i l t ra tes  of Microsporum gypseum 
growing on h u m a n  ha i r s  in  m ine ra l  m e d i u m  (Table).  I n  
s t a t i o n a r y  cul ture ,  t he  fungus  m a n a g e d  to  d iges t  a b o u t  
32% of the  s u b s t r a t e  in 60 days.  E v e n  here,  t he  m a i n  
p r o d u c t  of cys t ine  o x i d a t i o n  was su lpha te ,  whose  concen-  
t r a t i o n  in t he  m e d i u m  a m o u n t e d  to 1.6 mg/ml .  F ree  
su lph i t e  was no t  p r e sen t  in  t he  f i l t ra te .  I t  could  h o w e v e r  
be  d e m o n s t r a t e d ,  t h a t  S - t h io su lpha t e  es ters  ( ' bound  
su lph i te ' )  were present .  The  gel f i l t r a t ion  on  S e p h a d e x  
G-50 a n d  G-10 p r o v e d  t h a t  t h i o s u l p h a t e  es ter  groups  are 
b o u n d  to  c o m p o u n d s  of molecu la r  we igh t  a m o u n t i n g  to  
severa l  t housands ,  i.e. obviously ,  to  po lypep t ides .  This  
is in  a g r e e m e n t  w i t h  t he  p r e s u m p t i o n  t h a t  t he  c o m p o u n d s  
u n d e r  s t u d y  are pep t ides  c o n t a i n i n g  c o m b i n e d  S-sulpho-  
cyste ine .  The  q u a n t i t y  found  (cor responding  t o  15-20 
#g /ml  of S-sulphocys te ine)  is, t a k e n  abso lu te ly ,  no t  large. 
However ,  i t  r ep resen t s  2 5 - 6 0 %  of all c o m b i n e d  cys te ine  
and  i ts  de r iva t i ve s  in the  med ium.  This  d e m o n s t r a t e s  t h a t  
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Keratin decomposition by Microsporum gypseum. Analysis of the culture/luid 

Days 3 l l  17 24 32 40 50 60 

Substrate digestion (%) 0 4 16 18 25 26 29 32 
pH 6.4 8.0 8.3 8.4 8.2 8.1 8.2 8.1 
Proteins (~tg/m~) 110 560 365 310 465 440 440 380 
Sulphate (ixg/ml) 18 147 490 538 842 1187 1499 1641 
Bound sulphite Qzg/mi) 0 4.1 10.0 13.4 16.7 19.0 19.0 18.5 

Cultures with 400 mg of ethylene oxide-sterilized human hairs in 20 ml of simple mineral solution, 29 ~ Substrate digestion was calculated 
from total dry weight (substratc + mycelium). Proteins (Lowry method) are expressed as p.g/ml bovine serum albumin, sulphate and sulphite 
as [xg/ml of anhydrous natrium salts. No free sulphite was found; 'bound sulphite' was determined after treatment with cyanide {see text). 
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a p a r t  of t h e  d i su lph ide  b o n d s  of k e r a t i n  was  obv ious ly  
c leaved  b y  sulphi te .  

S t rong ly  acidic g roups  w i t h  t he  p rope r t i e s  iden t i ca l  to  
S - th io su lpha t e  es ters  were also found  b y  means  of topo-  
chemica l  m e t h o d s  in t he  a t t a c k e d  s u b s t r a t e  proper% 

The  resu l t s  descr ibed  are in compl i ance  w i t h  t he  
a s s u m p t i o n  of t he  su lph i to lys i s  of p r o t e i n  as one of t h e  
basic  r eac t ions  of k e r a t i n  decompos i t i on  b y  de rma to -  
phy tes .  

J. KUNERT, Sabouraudia 10, 6 (1972). 

Zusammen[assung.  Es  wird  wahrsche in l i ch  gemach t ,  
dass  die D e n a t u r i e r u n g  des K e r a t i n s  d u r c h  Sulf i taus-  
sche idung  u n d  Sulf i tolyse des Cyst ins  eine wich t ige  Rol le  
b e i m  K e r a t i n a b b a u  d u r c h  Pi lze spielt .  
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Evidence  for  C h e m i c a l  Cod ing  of Color  D i s c r i m i n a t i o n  in Goldf i sh  B r a i n  

D u r i n g  the  las t  decade,  s t i m u l a t e d  b y  t he  successful 
e luc ida t ion  of t he  molecu la r  code of genet ic  in fo rmat ion ,  
a t t e m p t s  h a v e  been  m a d e  to  d iscover  ev idence  for a s imi la r  
code for  t he  p rocess ing  of acqu i red  i n f o r m a t i o n  in t he  
ne rvous  s y s t e m  ~-4. There  h a v e  been  th r ee  m a i n  experi-  
m e n t a l  app roaches  to t he  p r o b l e m :  de t ec t ion  of chemica l  
changes  in  t he  b r a i n  assoc ia ted  w i t h  t he  acqu i s i t ion  of 
informat ionS,  u, i m p a i r m e n t  of i n f o r m a t i o n  process ing  b y  
inh ib i to r s  of R N A  a n d  p r o t e i n  m e t a b o l i s m  7, and  b ioas say  
m e t h o d s  for t e s t i ng  t h e  i n f o r m a t i o n  c o n t e n t  of m a t e r i a l  
e x t r a c t e d  f rom b r a i n  8-1~ 

The  b ioassay  a p p r o a c h  has  been  t he  m o s t  con t rove r s i a l  
because  i ts  pu rposes  a n d  t h e  i n t e r p r e t a t i o n  of i ts  resul t s  
were wide ly  mi sunde r s tood ,  and  because  t he  un re l i ab i l i t y  
i n h e r e n t  in  al l  b ioassays  is f u r t h e r  increased  b y  t he  use of 
b e h a v i o r a l  cr i ter ia .  E n o u g h  resul t s  have ,  however ,  been  
pub l i shed  in t h e  las t  s ix years  b y  33 l abora to r i e s  to  
e s t ab l i sh  t he  v a l i d i t y  of t he  m e t hod .  One of t he  po in t s  
t h a t  st i l l  r e m a i n s  con t rove r s i a l  is t he  specif ic i ty  of t h e  
i n f o r m a t i o n  suppl ied  b y  t he  b r a i n  mate r ia l .  The  experi-  
m e n t s  of ZIPPEL a n d  DOMAGK 11 on t r a n s f e r  of color 
d i s c r im ina t i on  in t he  goldfish gave  t h e  bes t  ev idence  for 
s t imu lus  specif ic i ty  w i th in  t he  same  sensory  modal i ty .  I n  
p r e l i m i n a r y  e x p e r i m e n t s  we conf i rmed  these  resu l t s  a n d  
e x t e n d e d  t h e m  f rom red  a n d  green, used  b y  ZIPPEL a n d  
DO~XACK, tO o t h e r  colors 1~. The  p r e s e n t  p a p e r  deals  w i t h  
e x p e r i m e n t s  in  wh ich  donor  f ish were t r a i n e d  to  discr imi-  
n a t e  b e t w e e n  blue  a n d  green, and  avo idance  of one or t he  
o t h e r  color was  t r ans fe r r ed  to na ive  a n d  unre in forced  
recipients .  

Goldf ish  (Carassius auratus) 6 to  10 cm long were 
o b t a i n e d  f rom Ozark  Fisheries ,  S tou t l and ,  Missouri.  T h e y  
were  t r a i n e d  in a s h u t t l e - b o x  cons i s t ing  0f a r e c t a n g u l a r  
t a n k  (26 X 50 • 35 cm) d iv ided  in  t h e  midd le  b y  a n  opaque  
p a r t i t i o n  l eav ing  a c learance  of 4.5 cm a t  t he  b o t t o m  
a l lowing t h e  f ish to  cross f rom one c o m p a r t m e n t  to  t h e  
o ther .  The  d e p t h  of w a t e r  was  12.5 cm. A t  each  end  of t h e  
t a n k  was a 30 w a t t  l i gh t  b u l b  and  a f r a m e  for t he  colored 
fi l ters.  The  fol lowing E a s t m a n  K o d a k  ge la t in  f i l ters  were 
used in t h e  e x p e r i m e n t s :  green (No. 58) 480-630 n m  a n d  
b lue  (No. 47) 370-510 nm.  

E a c h  of t he  c o m p a r t m e n t s  was p r o v i d e d  w i t h  e lect rodes  
m a d e  of s ta inless  s teel  wire  mesh.  Shocks  of 2 m A  of 
50 msec d u r a t i o n  were de l ivered  eve ry  2 sec d u r i n g  pre-  
s e n t a t i o n  of t he  u n c o n d i t i o n e d  s t imulus .  

One group  of f ish was t r a i n e d  to  avo id  b lue  a n d  escape 
i n to  green.  E a c h  t r i a l  cons is ted  in p r e s e n t i n g  b lue  l igh t  in  
one  c o m p a r t m e n t  and  green in t he  o the r  for  30 sec. A t  t h e  
end  of 20 sec, t h e  c u r r e n t  was  t u r n e d  on  in  t h e  b lue  
c o m p a r t m e n t  for 10 sec so t h a t ,  if t h e  f ish was on  t h a t  side, 
i t  rece ived  electr ic  shocks.  Th i s  was  r e p e a t e d  for each  f ish 
15 t i m e s  da i ly  w i t h  an  i n t e r t r i a l  i n t e rva l  of 30 sec du r ing  

which  n e i t h e r  color was  p resen ted .  A n o t h e r  g roup  of f ish 
was t r a i n e d  to avo id  green  a n d  t a k e  refuge in t he  blue.  
The  pa i red  colors were p r e s e n t e d  on  each  side in r a n d o m  
order.  T ra in ing  was c o n t i n u e d  un t i l  13 correc t  avo idances  
were obse rved  on  3 consecu t ive  sessions. This  t o o k  usua l ly  
8 to  12 days.  

Twelve  to  24 h a f t e r  t he  las t  t r ial ,  t h e  f ish were de- 
c a p i t a t e d  a n d  the i r  b ra ins  were p laced  on  d r y  ice. T h e y  
were k e p t  f rozen u n t i l  p r e p a r a t i o n  of t h e  ex t rac t .  Th ree  
pools of bra in ,  f rom b lue -avo id ing  donors  (BA), green- 
avo id ing  donors  (GA) a n d  u n t r a i n e d  f ish (C), were ex- 
trdmted accord ing  to  a p rocedure  p rev ious ly  used for r a t  
b r a ins  s, 13. A c rude  R N A  e x t r a c t  was  used in t he  f i rs t  
series expe r imen t s ,  rep laced  la te r  b y  a d ia lyza te .  The  
e x t r a c t s  were in jec ted  in to  t h e  rec ip ien t  f ish i n t r a c r a n i a l l y  
u n d e r  a 40 ~1 v o l u m e  ~. The  f ish were t e s t ed  once before  
in jec t ion  for t h e i r  color preferences .  T h e y  were f u r t h e r  
t e s t ed  1, 2 a n d  3 days  a f t e r  in jec t ion .  P r e l i m i n a r y  ex- 
p e r i m e n t s  h a d  shown  t h a t  t he  p e a k  of t he  effect  was  over  
b y  the  3rd day.  I n  l a t e r  e x p e r i m e n t s  t e s t i ng  was n o t  ex- 
t e n d e d  b e y o n d  t he  2nd  d a y  because  t he  resu l t s  o b t a i n e d  
on  t h e  3rd d a y  suppl ied  no  s ign i f ican t  a d d i t i o n a l  i n fo rma-  
t ion.  E a c h  t e s t i ng  session cons is ted  of 10 tr ials .  I n  5 tr ials ,  
t h e  f ish was in t h e  b lue  c o m p a r t m e n t  a n d  in 5 t r ia ls  in  t he  
green  c o m p a r t m e n t ,  t h e  colors be ing  p r e s e n t e d  in r a n d o m  
order .  The  rec ip ien t s  were n e v e r  shocked  a n d  avo idance  
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