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akimovae s k a n n  bei  Eimeria tenella eine K e r n t e i l u n g  
e insetzen,  b e v o r  die v o r a n g e g a n g e n e  abgeschlossen  ist. 
E i n  genaue re r  B e r i c h t  fiber W a c h s t u m  u n d  Kern te i lungs -  
vorg~Lnge im Sch izon ten  folgt  an  ande re r  Stelle. 

. . . . . .  . ,  - . " .  
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Schematische Darstellung von 4 Tochterzellen (= ~erozoiten) in der 
Randzone des Sehizonten. T1, T 2 zu einenl Drittel differenzierte, 
synehron heranwachsende Tochterzellen (T) fiber den Spindelpolen 
(SP) eines Sehizontenkerns (N); C, Conoid; DV, dickwandiger 
VesikeI; ER, endoplasmatisehes Reticulum; MI, Mitochondrium; 
MP, Mikropore; NU, Nukleolus; P, Pellicula; R, Rhoptrienanlage; 
SMT, subpellicnlfirer Mikrotnbulus; V, Vakuole in Verbindung mit 
der parastophoren Vakuole. 

Die B i ldung  von  Tochte rze l l en  is t  m i t  der  l e t z t en  Tel- 
lung  der  Sch izon tenke rne  in der  Mut te rze l le  gekoppe l t  
u n d  u n t e r s c h e i d e t  s ich n i c h t  wesen t l i ch  yon  den  fri ihe- 
r en  Kern te i lungen .  I n  e iner  neue ren  Arbe i t  wi rd  die 
Toch te rze l lb i ldung  darges te l l t  9. ~dber j edem Kernsp inde l -  
pol  e n t s t e h t  die Anlage  e iner  Tochterzel le .  Sic h a t  ein 
Conoid u n d  e inen  i nne ren  M e m b r a n k o m p l e x ,  der  n a c h  
aussen  yon  e iner  C y t o p l a s m a m e m b r a n  k a p p e n a r t i g  
beg renz t  wird. Zu diesem f r i ihen  Z e i t p u n k t  der  E n t w i c k -  
l ung  lassen sich auch  4 Toch te rze l l an lagen  an  zwei n o c h  
n i c h t  vol ls t / indig  g e t r e n n t e n  K e r n e n  beobach t en .  Die 
P e l l i c u l a m e m b r a n e n  der  Toch te rze l l an l agen  vergrSssern  
s ich s y n c h r o n  w~ihrend der  f o r t s c h r e i t e n d e n  Te i lung  des 
Sch izon tenke rns  u n d  umschl iessen  d a b e i  e inen Spindel-  
pol  m i t  den  b e n a c h b a r t e n  Cent r io len  u n d  ein D i c t y o s o m  
(Figur).  

Die n e u e n  Ergebn isse  zeigen fe ins t ruk tu re l l e  t3berein-  
s t i m m u n g e n  im V e r m e h r u n g s a b l a u f  bei  Eimeria tenella 
u n d  den  T o x o p l a s m a t e a  (BloccA 1968) u n d  sp reehen  fiir 
eine enge v e r w a n d t s c h a f t l i c h e  Zusammengeh6r igke i t .  

Summary. Fine  s t r u c t u r a l  aspects  of d e v e l o p m e n t  in  
2nd a n d  3rd genera t ion  sch izonts  were s tud ied  w i t h  
e x p e r i m e n t a l l y  infec ted  chickens.  Two d e v e l o p m e n t a l  
s teps  were obse rved  in sch izogony:  mu l t i p l i ca t ion  of 
nuclei  and  succeeding merozoi te  f o r m a t i o n  associa ted  
w i t h  t he  las t  d ivis ion of each  nuc leus  in the  schizont .  
D iv id ing  nuclei  h a d  eccent r ic  i n t r a n u c l e a r  spindles  a n d  
centr io les  nea r  t h e i r  poles. 
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The  poss ib i l i ty  of t r a i n i n g  to  pe r f o r m  a v i sua l  ver t ica l -  
h o r i z o n t a l  d i s c r imina t i on  m onocu l a r l y  has  been  d e m o n -  
s t r a t e d  b y  BuR~gOVi and  NADEL 1. I n t a c t  v isua l  co r t ex  
c o n t r a l a t e r a l  to  t h e  i n t a c t  eye was shown to  be essent ia l  
for  acqu i s i t ion  a n d  r e t e n t i o n  of t he  new experience.  No 
t r a n s f e r  to  t h e  oppos i te  h e m i c o r t e x  t akes  place. This  
p a r a d i g m  was used in t he  p r e s en t  e x p e r i m e n t s  in an  
a t t e m p t  to  f ind ou t  w h e t h e r  th i s  k ind  of l ea rn ing  would  
cause  a n y  dif ference in the  label l ing  of p r o t e i n  in  t he  
v i sua l  h e m i c o r t e x  of ra t .  

Materials and methods. ]Exper iments  were pe r fo rmed  
on t he  male  hooded  ra t s  we igh ing  180-200 g. T he  hor i -  
zon ta l -ve r t i ca l  d i s c r i m i na t i on  t r a i n i n g  p rocedure  was 
essent ia l ly  t h a t  a l r e ady  p u b l i s h e d  1. Briefly,  v i sua l  i n p u t  
was  r e s t r i c t ed  b y  cover ing  one eye w i t h  a n  o p a q u e  
p las t ic  occluder.  The  ra t s  were t r a i n e d  to escape or avo id  
shocks  d u r i n g  5 sec b y  en t e r i ng  a n  un locked  door.  
I m m e d i a t e l y  a f t e r  r each ing  a c r i t e r ion  of 12 cor rec t  in  
13 consecu t ive  responses,  t h e  occluder  was  r emoved .  

After 

After  30 m i n  of r e s t  (period of m a x i m a l  chemica l  re- 
sponse2), 0.5 ml  sal ine c o n t a i n g  a b o u t  16 ~xCi L-(U-14C)- 
leucine or a b o u t  13 tzCi L-(1-14C)-leucine was in jec ted  
s.c. Af te r  def in i te  t i m e  in terva ls ,  t he  an imal s  were 
sacrif iced b y  d e c a p i t a t i o n  in a cold room a t  2-4  oc. The  
samples  of b o t h  v isua l  hemicor t i ces  were dissected w i t h  
t he  aid of a celluloid s tenci l  a a n d  frozen in l iquid n i t ro -  
gen. Tissue samples  were t h e n  homogen ized  in t he  ice- 
chi l led 6% t r i ch lo race t i c  acid (TCA) con ta in ing  2 m g / m l  
leC-leucine. TCA-prec ip i t a t e s  were dissolved in  1 N 
N a O H  af te r  t r e a t m e n t  b y  t he  p rocedure  a. In  a l iquots ,  
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2 j .  K~IVANEK, in Neurobiological Basis o[ Memory Formation 
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Radioactivity of protein and TCA soluble fraction in the visual cortex of rats after monocular acquisition of a pattern discrimination task 

Amino acid used Time after Conditions Specific activity 
14C-leueine injection of experiment of protein 
(min) (cpm/mg) 

Specific activity Relative specific 
of TCA soluble fraction activity of protein 
(epm/mg protein) (protein/TCA~or) • 100 

7 Trained Naive cortex 42.3 101.3 35.0 
rats Trained cortex 42.3 100.I 35.8 

Change (%) ~0  --1.2 +2.3 
Change ~ SEI~I Jc0 ~ 0.23 1.2 ~ 1.85 +0.8 ~ 0.72 
P (n = 9) N.S. N.S. N.S. 

L-(U-14C) leucine 11 Trained Naive cortex 60.4 131.3 44.9 
rats Trained cortex 60.9 128.7 46.9 

Change (%) +0.8 --2.0 +4.1. 
Change ~ SEM +0.5 j- 0.6 --2.6 ~_ 6.2 +2.0 ~_ 1.1 
P(n = 11) N.S. N.S. N.S. 

Trained Naive cortex 141.0 180.9 76.3 
rats Trained cortex 145.8 169.9 78.0 

Change (%) +3.4 --6.1 + 10.1 
15 Change j= SENf +4.8 i 2.03 --11.0 • 2.02 +7.7 • 1.19 

P (n 25) <0.05 %0.003 <0.003 

Control Naive cortex 128.0 175.5 75.6 
rats Trained cortex 124.0 167.7 77.6 

Change (%) --3.1 --4.4 +2.6 
Change • SElV[ --4.0 ~ 1.72 --7.8 ~ 1.77 +2.0 ~_ 1.76 
P (n 11) <0.05 %0.003 N.S. 

L-(1-1~C) leucine) 15 Trained Naive cortex 147.0 124.7 113.2 
rats Trained cortex 153.3 118.9 125.5 

Change (%) +4.3 --4.7 + 10.9 
Change • SE~I +6.3 -L- 1.27 -5 .8  ~_ 1.85 + 12.3 ~_ 2.53 
P (n = 6) <0.01 %0.05 <0.01 

pro te in  c o n t e n t  5 and  r ad ioac t i v i t y  6 were de t e rmine d .  
I n  the  TCA s u p e r n a t a n t  f luids af ter  e x t r a c t i o n  w i th  
e ther ,  r ad io ac t i v i t y  was  d e t e r m i n e d  7 and  re la ted  to t he  
p ro te in  con ten t .  All p r e p a r a t i o n  and  ana ly t i ca l  work  was  
done  blind, i.e. w i t h o u t  knowing  wh ich  eye had  been 
occluded.  

Results  and discussion. 15 m i n  af ter  14C-leucine a d m i n -  
i s t r a t ion  s l igh t  b u t  s t a t i s t i ca l ly  s ign i f ican t  e l eva t ion  of 
pro te in  label l ing ( + 3 . 4 % ,  p < 0.05) in the  v i sua l  co r tex  
con t r a l a t e r a l  to t he  i n t ac t  eye (Tra ined  cor tex  in t he  
Table)  as c o m p a r e d  to the  oppos i te  (naive cor tex  in t he  
Table)  was  found .  I n  con t ras t ,  r a d i o a c t i v i t y  in t he  TCA-  
soluble f rac t ion  decl ined by  6.1~ (p < 0.003). U s i n g  t he  
leucine label led on t he  ca rboxy l  c a rbon  only,  the  s a m e  
resu l t s  were ob t a ined :  4 .3% increase  in t h e  p ro te in  
specific a c t i v i t y  and  4.7 % drop of TCA-solub le  rad ioac t iv -  
i ty  (p < 0.01 an d  < 0.05 resp.).  Therefore  m o s t  likely, 
a l t e r a t i on  in TCA-solub le  f rac t ion  does ref lect  t h a t  of 
leucine i tself  s. No p roper  m e t h o d  is ava i lab le  to  de ter -  
m in e  d i rec t ly  r a d i o a c t i v i t y  of t he  p recur so r  in the  pool  
f r om  which  i t  is used  for incorpora t ion  in to  p ro te in .  
Since in our  e x p e r i m e n t s  cons i s t en t  t r e n d  of change s  in 
t he  p recursor  r ad ioac t i v i t y  in t he  soluble f rac t ion  to t h a t  
b o u n d  to p ro t e in  is r eversed  for all t i m e  in t e rva l s  s tud ied  
(7-60 min ,  Tab le  and  2), it  s eems  l ikely t h a t  cha nge  in 
t he  p ro te in  label l ing is no t  me re ly  a ref lec t ion  of t h a t  in 
t he  p recur so r  r ad ioac t iv i ty ,  b u t  m a y  r a t h e r  ind ica tes  
e n h a n c e d  inco rpora t ion  rate .  Two g roups  of r a t s  (control  
r a t s  in t h e  Table)  were t r e a t ed  essen t ia l ly  in t he  s a m e  
w a y  as t h e  e x p e r i m e n t a l  a n i m a l s  (same l igh t  inpu t ,  m e a n  
dosage  electr ical  s t imu la t i on ,  m e a n  t i m e  of t r e a t m e n t )  
excep t  t h a t  s t i m u l u s  cards  h a d  been r e m o v e d  (no t ra in ing) .  
I n  the i r  v i sua l  hemicor t i ces  con t r a l a t e r a l  to t he  open  
eye ( ' t ra ined '  co r tex  in t he  Table)  4.4~ decrease  of 
TCA-  soluble label l ing (p < 0.003) was  found ,  while  ra-  
d ioac t iv i t y  of p ro t e in  ref lects  on ly  decrease  of p r ecu r so r  
in t h e  soluble f ract ion.  

A l t h o u g h  an  i n t a c t  v i sua l  co r tex  is a p re requ i s i t e  for 
acqu i s i t ion  a nd  r e t e n t i on  of th i s  k ind  of d i s c r i m i n a t i o n  
t a s k  1, it  does  no t  necessa r i ly  m e a n  th i s  is t he  place where  
m e m o r y  t race  is fo rmed  a nd /o r  s tored.  Also the  n a t u r e  
of the  p ro te in  label l ing c h a n g e s  c a n n o t  be cha rac t e r i zed  
more  precise ly  as yet .  The  resu l t s  do d e m o n s t r a t e ,  how-  
ever, t h a t  a v i sua l  d i s c r im ina t i on  t r a i n ing  is fol lowed b y  
r ed i s t r i bu t ion  of p ro t e in  r a d i o a c t i v i t y  b e t w e e n  con t ro l  
a nd  t r a i ne d  v i sua l  hemicor t ices ,  while label l ing of t he  
soluble f ract ion,  p r o b a b l y  a t t r i b u t a b l e  to t he  d i f fe ren t ia l  
l ight  i n p u t  only,  a ppe a r s  to be unaf fec ted .  Since bo th ,  
cont ro l  a n d  e x p e r i m e n t a l  par t s ,  of the  t i s sue  are t a k e n  
f rom the  s a m e  an imal ,  sma l l  c ha nge s  can  be revea led  a n d  
also the  c o m p l e x  of t he  side effects  like f r u s t r a t i on ,  
h o r m o n a l  inf luences ,  l ocomoto r  a c t i v i t y  etc. can  be 
e l imina ted .  A s imi la r  a p p r o a c h  ha s  been used  pre-  
v ious ly  in a few s tud ies  conce rn ing  c ha nge s  in R N A  9 a n d  
acetylchol inesterase10,~l  d u r i n g  ' h a n d e d n e s s '  a n d  R N A  
du r ing  i m p r i n t i n g  wi th  ' sp l i t  -bra in '  ch icken  12. 

A n u m b e r  of pape r s  h a v e  a c c u m u l a t e d  d e m o n s t r a t i n g  
c h a n g e s  in the  label l ing of p ro te in  or R N A  in t he  v i sua l  
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(1971). 
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946, (1965). 
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SSSR 198, 1455 (197]). 
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cor tex  dur ing learning or l ight  s t imulat ionl3-2L Most  of 
t h e m  differ, however ,  in m a n y  respects  f rom the  p a r a d i g m  
explored in the  p resen t  s t u d y  (early life period,  to ta l  
da rk  versus s t rong  l ight  s t imulat ion,  ve ry  of ten control  
and  expt .  groups  t r ea t ed  separately ,  correct ion of t he  

13 H. ~HYDI~N, P. W. LANGE, LJ. 1V[IHAILOVI~ and B. PETROVI~- 
MINI6, Brain Res. 65, 215 (1974). 

14 W. POHLE and H. ~/[ATTHI]~S, Pharmac. Biochem. Behav. 2, 573 
(1974). 

15 S. C. BONDY and F. L. MARGOLIS, Expl Neurol. 27, 344 (1970). 
is A. J. DEWAR and A. K. WINTERBURN, J. neurol. Sci. 20, 279 (1973). 
17 J .  CLIFEORD~ J,  GAITO and T. MASAYUKI, Nature New Biol. 234, 

90 (1971). 
18 p. I~ETZGER~ M~. CUENOD, A. GRYNBAUM and H. WAELSH, Life 

Sci. 5, 1115 (1966). 
19 B. RENSCI~ and H. RAHMAN, Pfltigers Arch. 290, 158 (1966). 
2o S. 15. R. RosE, Nature, Lond. 215, 253 (1967). 
21 G. P. TALVCAR, ~. P. CHOPRA, B. K. GOE L and B. D'MoNTE, J. 

Neurochem. 13, 109 (1966). 
2~ S. P. R. RosE, Brain Res. 38, 171 (1972). 
2~ S. C. BOND'/ and B. S. MORELOS, Exp1. Neuroi. 31, 200 (1971). 
24 S. C. BoNnY and J. L. PURDY, Brain Res. 76, 542 (1974). 
25 The author express his appreciation to Dr. JAN BUREg and Dr. 

OLGA BUREgOVA for discussion and advice, to Mrs. L. JEI~ABKOVA 
for training the rats and to Mr. V. ~ILLING for skillful technical 
assistance. 

precursor  changes  made  a lmos t  exclusively a t  one f ixed 
t ime  in te rva l  measur ing  to ta l  TCA soluble rad ioac t iv i ty  
even when  t r i t i a t ed  amino  acid used). Nonetheless ,  
differences in the  pool of some amino acids 2z, blood 
flow 2a and  b lood-bra in  barr ier  pe rmeabi l i ty  ~4 be tween  
l ight  res t r ic ted  and s t imula ted  visual cor tex  revealed 
f rom these  kinds of expe r imen t s  migh t  con t r ibu te  to  the  
changes  in TCA-soluble ac t iv i ty  de tec ted  in our experi-  
ments .  

Zusammen/assung. R a t t e n  le rn ten  mi t  e inem Auge 
eine hor izonta l -ver t ika le  Diskr iminat ion.  In  der  op t i schen  
Hirnr inde,  kon t ra la te ra l  zum offenen Auge, konn te  be- 
reits  15 min nach  Appl ika t ion  yon  14C-Leucin eine kleine, 
aber  s ta t i s t i sch  s ignif ikante  E r h 6 h u n g  der Pro te in-  
mark ie rung  sowie eine Verminde rung  der  Radioakt iv i t / i t  
in der Trichloressigs/iure-16slichen Frak t ion  gefunden  
werden. 

J. KI~IVANEK ~6 

Institute o~ Physiology, Czechoslovak Academy 
o/Sciences, Budd]ovickd 1083, CS-ld2 20 Praha d -  Krg 
(Czechoslovakia), 9 Sep t ember  1974. 

Pattern in the Hunger Signal  of Hornet Larvae ( 

In  previous publ ica t ions  the  na tu re  of the  hunger  
signals p roduced  by  larvae of the  or iental  ho rne t  (Vespa 
orientalis) was repor ted l -~ .  I t  was found t h a t  the  p a t t e r n  
of con t rac t ions  of the  larvae when  produc ing  sponta-  
neously  the  hunger  signals is r h y t h m i c  and the  average 
be tween  consecut ive  con t rac t ions  is 3 to  4 sec. In  the  
p re sen t  exper iment ,  the  p a t t e r n  of cont rac t ions  induced by  
a mechanica l  s t imulus  was s tudied.  

Materials and methods. 3 ho rne t  queen larvae were 
kep t  in the i r  op t imal  na tu ra l  condi t ions  in separa te  combs 
to p r even t  the  t ransfer  of signals f rom one to the  other.  
The expe r imen t  con t inued  for 8 days :  dur ing the  first  
6 days  the  larvae were comple te ly  s t a rved  and dur ing the  
la t t e r  2 days  t h e y  were fed. On each day  a series of mecha-  
nical s t imuli  were p resen ted  to the  larvae.  In i t ia l ly  a l ight  
knock was given to the  back  of the  comb by  a v ibra tor .  
Consequent ly  a series of bodi ly  cont rac t ions  was observed 
and  recorded by  a p ick-up t r ansduce r  (B & K) a t t a ch ed  
to  a t ape  recorder  (Philips) and to  a po lygraph  (Grass). 
W h e n  a series of con t rac t ions  was followed by  a re la t ively  
long in terval  (5-10 rain) con ta in ing  no contrac t ions ,  the  
s t imulus  was repea ted  and  the  results  again recorded.  

Vespa orientalis ) 

This cycle of s t imulus  and  recorded response was con t inued  
for a one-ha l f -hour  per iod on each day  for each larva. 

Results. In  Figure 1 th ree  typica l  series of signals 
induced by  s t imul i  are presented .  In  the  top  t race the  
series is re la t ively  shor t  and  conta ins  a to ta l  of 12 con- 
t ract ions.  The series is p receded  by  a per iod of res t ing  
which was followed by  the  st imulus.  Ano the r  per iod of 
rest  follows the  series. The in terval  be tween  the  first  and  
second con t rac t ion  is abou t  2 sec, whereas  the  in te rva l  
be tween  the  last  2 signals is abou t  4-5 sec. In  the  o the r  
two trac~s there  is a s imilar  l engthening  of the  in tervals  
be tween  cont rac t ions  as the  series cont inued,  a l though  
the  n u m b e r  of con t rac t ions  and  the  absolute  length  of 
the  series differ (Figure 1). 

32 series of cont rac t ions ,  each of which conta ined  at  
least  30 signals, were analyzed.  If a re la t ionship can be 

1 L. SH&UDINSCHKu and J. ISHAY, J. acoust. Soc. Am. ld, 1290 
(1968). 

2 j.  ISHAY and E. M. LANDAU, Nature, Lond. 237, 5353, 286 (1972). 
J. ISHAY, A. MORRO, S. GITTER and M. B. BROWN, Animal Behav. 
22, 741 (1974). 

Fig. 1. The polygraph tracing of 
the recordings of 3 typical series of 
contractions. The upper line in 
each tracing is a timer, each inter- 
val represents 1 see. The vertical 
lines are drawn to designate the 
start of the contractions. 


