
15. 7. 1974 Specialia 749 

Bei den anschliessenden Vergessenstests sanken die 
Leistungen der Vt schneller unter die Signifikanzgrenze 
(Figur 2). (Unterschiede zwischen Vt und Kt nur ftir den 
1., 3. und 6. Vergessenstest nach dem t-Test gesichert, 
nach dem X2-Test alle Unterschiede mit  einer Irrtums- 
wahrscheinlichkeit yon 1%). Das darI zun/ichst einmal 
auf das niedrigere Lernniveau der Vt zuriickgefiihrt 
werden. Ob die schlechtere Ausgangsposition der Vt zu 
Beginn der Vergessenstests allerdings allein das schnellere 
Vergessen bewirkte, ist fraglich. Von Einfluss kann 
zus/~tzlich auch die stere g2ampfaktivit/it der Vt w/~hrend 
der Vergessensphase gewesen sein. Eine eindeutige Aus- 
sage liess sich mit  diesem Versuch nicht gewinnen. 

Versuch I I .  Um den Einfluss der Aggression auf das 
Vergessen genauer zu untersnchen, w/~hlten wir einen 
etwas abgewandelten Versnchsmodus. Gearbeitet wurde 
wieder mit  20 Kampffischen (yon denen im Verlauf der 
Versuche einige starben). Alle Tiere dressierten wir jetzt  
sofort auf die nicht bevorzugte Farbe. VV/ihrend der Lern- 
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Fig. 3. Vergessenstests der Versuchsserie II. Bei 0: Ausgangswerte, 
gemittclt aus den drei letzten Werten der Dressur. 

phase blieben nun alle Fische ungereizt. Nach Erlernen 
der Aufgabe (Lernkriterium s. Versueh I) teilten wir die 
Tiere nach ermittelten Spontantendenzen, Lerngeschwin- 
digkeit und erreichtem Lernniveau in leistungsgleiche 
Paare (Vt und Kt) ein. Anschliessend wurden nur die Vt 
fiir die ganze Dauer der Vergessensphase in der zuvor 
beschriebenen Weise aggressionsspezifischen Reizen aus- 
gesetzt. Die Kt  blieben ungereizt. Die Vergessenstests 
fiihrten wir in Abst/inden yon 7 Tagen dutch. 

Wie Figur 3 zeigt, waren die in der Dressur erzielten 
Lernleistnngen bei Vt und Kt nahezu gleich. Die Vt ver- 
gassen die erlernte Aufgabe aber schneller als die Kt. 
In allen Vergessenstests lagen die Durchschnittswerte der 
Vt unterhalb derjenigen der Kt. Alle Werte sind mit 
einer Ausnahme (4. Vergessenstest) nach dem t-Test 
gesichert (Figur 3). Nach dem X~-Test waren die Unter- 
schiede zwischen Vt und Kt  mit  einer Irrtumswahr- 
scheinlichkeit yon 1% gesiehert. Das schnellere Vergessen 
der Vt kann hier nur auf den Einfluss der Aggression 
zuriickgeffihrt werden. 

Das Wirksamwerden der Aggression auf die Lern- und 
Ged&chtnisleistungen kann durch mehrere Faktoren 
bedingt sein: a) durch retroaktive Hemmung infolge der 
Kampfaktivit~t,  b) durch eine mit  dem Aggressions- 
verhalten auftretende zentralnerv6se Erregung, c) dutch 
eine infolge der Erregung und der aggressionsspezifischen 
Aktivit/it  auftretende Intensivierung des Stoffwechsels, 
die zu einem schnelleren Abbau yon Engrammen fiihren 
kann. 

Summary. Belta splendens@~; were tested as to whether 
aggression-specific stimulation had any influence on 
learning and retention of a simple colour discrimination 
task. In comparison with control animals, the stimulated 
animals showed worse results in learning and retention. 
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M i t o t i c  A c t i v i t y  in  L e m o n  F r u i t  E x p l a n t s  (Citrus limon L.)  I n c u b a t e d  on  a C a l c i u m -  
P o t a s s i u m - S u c r o s e  M e d i u m  

Changes in nucleolar morphology and starch production 
have been considered as being early cytological and 
physiological indications of growth in lemon fruit explants 
cultured on a mineral-sucrose nutrient  medium 1. Sub- 
sequent investigations have shown that  these same 
cytological and physiological phenomena can be brought 
about by injury alone in complete isolation from any 
exogenous source of nutrient  materials or growth- 
promoting substances 2-~. Although lemon juice contains 
sugars, nitrogenous compounds, vitamins, and the six 
macroelements and most of the microelements known 
to be essential for plant growth% ~, mitotic act ivi ty  has 
not been described in lemon fruit explants incubated on 
anything less than basal mineral-sucrose nutrient media 
with or without growth-promoting substances s-~3. Thus 
all materials required for the manifestation of starch 
production and changes in nucleolar morphology are 
available from endogenous sources within the explants 
themselves whereas this is not the case with respect to the 
materiM requirements needed for the manifestation of 
mitotic act ivi ty  (Figure 1). 

Citric acid is the most abundant organic acid in lemo_n 
juice s and is known to be a strong chelating agent for 
Ca 14. The occurrence of Ca and K in lemons in combination 
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w i t h  organic  acids such  as ci tr ic,  malic ,  a n d  oxal ic  a n d  t h e  
r e l a t ionsh ip  be tween  h i g h  K a n d  t o t a l  ac id i ty  in  t h e  
f ru i t s  6 sugges ted  t h e  poss ib i l i ty  t h a t  t h e  Ca a n d  K 
p re sen t  in l emon  juice m a y  n o t  be  ava i l ab le  endogenous ly  
for t he  m a n i f e s t a t i o n  of m i to t i c  a c t i v i t y  in  e x p l a n t e d  juice 
vesicle t i ssue  b y  v i r t u e  of t he  close assoc ia t ion  of these  ions 
w i t h  t he  organic  acids p r e sen t  in  t he  juice vesicle ceils. 
I n  v iew of a) t h e  r e l a t i onsh ip  b e t w e e n  Ca a n d  K an d  t h e  
organic  acids p r e sen t  in  l emon  juice 6, b) tt~e i m p o r t a n c e  
of K in growing t ips  of p l a n t s  15, a n d  c) t he  poss ible  roles 
of Ca in m i to t i c  a c t i v i t y  16 a n d  in c h r o m o s o m e  s t r u c t u r e  17 
i t  was  cons idered  to  be of i n t e r e s t  to  e x a m i n e  nuc lea r  
b e h a v i o u r  in  l emon  f ru i t  exp l an t s  i n c u b a t e d  on  a Ca-K- 
sucrose n u t r i e n t  med ium.  

Excision lnjur~ 
(Endoqenousl(a) 

[xcls,on Lnjur~ 
(End~qenous + E• 

Z 
(Endoqenous) (a ' )  ~ 

(!xogenous) (b') ~ 

Fig. 1. Diagrammatic representation of cytological and physiological 
changes which occur in entire lemon fruit juice vesicles (sac plus 
stalk) after exiesion from the fruit and maintained under endogenous 
and exogenous nutrient conditions, a) First 48 h after excision 
from the fruit and maintained under endogenous nutrient conditions; 
a') continued exposure of the explants to completely endogenous 
nutrient conditions; b) first 48 h following excision from the fruit and 
maintained on an. exogenous source of nutrients; b') continued 
exposure of the explants to the exogenous source of nutrients. 

Materials and methods. E n t i r e  juice vesicles (sac p lus  
s ta lk)  were r e m o v e d  asep t ica l ly  f rom f i rm m a t u r e  
yel low l emon  f ru i ts  w i t h  green  b u t t o n s  (Citrus limon L,) 
as descr ibed  p rev ious ly  3 a n d  p laced  on t h i n  layers  of t h e  
fol lowing l iqu ids  in  glass P e t r i  d ishes  i m m e d i a t e l y  upon  
r e m o v a l  f rom t h e  f ru i t :  a) glass-dis t i l led w a t e r ;  b} 4% 
sucrose ; an d  c) 2 raM/1 CAC12-2 mM/1 KC1-4~ sucrose. The  
s ta lks  were severed  f rom t h e  sacs, t h e  sacs were discarded,  
an d  t h e  s ta lks  were t r a n s f e r r e d  to  glass P e t r i  d ishes  
c o n t a i n i n g :  1. 1% Oxoid aga r  No. 3; 2. 1~ Oxoid aga r  
No. 3 plus  4 %  sucrose;  an d  3. 1% Oxoid aga r  No. 3 plus  
2 mlV//1 CaCI~-2 mM/1 KC1-4% sucrose. The  s ta lks  ill 
each  of t h e  t r e a t m e n t s  were ove r l ayed  w i t h  t h e  fol lowing 
l iqu ids  (see reference 10 for l iqu id  over lay  t echn ique ) :  
1, glass-dis t i l led w a t e r ;  2. 4% sucrose;  an d  3. 2 mM/1 
CaCI~-2 mM/1 KC1-4~ sucrose. All  P e t r i  d ishes  of all 
3 t r e a t m e n t s  were sealed w i t h  ' P a r a f i l m '  a n d  p laced  in 
the  d a r k  a t  25-27 ~ 

Af te r  14-21 days  of i n cu b a t i o n ,  t h e  exp l an t s  were 
h a r v e s t e d  for  e x a m i n a t i o n  a n d  p laced  in Lil l ie 's  A A F  
so lu t ion  ~s, e m b e d d e d  in p a r a f f i n  wax  ~, a n d  sect ioned a t  
t 0 - 1 2  t~m. T h e  sec t ions  were dewaxed ,  b r o u g h t  down  to  
water ,  s t a ined  w i t h  aceto  orce in- fas t  green19, d e h y d r a t e d  
in cellosolve% cleared in  xylene,  an d  m o u n t e d  in  'S i r a '  
m o u n t a n t  or Canada  ba l sam.  

Resulls and discussion. Def in i t ive  cal lus o u t g r o w t h s  as 
well  as m i t o t i c  f igures were e v i d e n t  in  t h e  s ta lks  of the  3rd 
t r e a t m e n t  a f te r  14-21 days  of i n c u b a t i o n  on  t h e  Ca-K- 
sucrose m e d i u m  (Figures  2a  a n d  b) whereas  t he re  were 
no  cal lus o u t g r o w t h s  or m i t o t i c  f igures  in  t h e  14-21-day-  
old e x p l a n t s  of t h e  1st a n d  t h e  2nd t r e a t m e n L  Thus  the  
resu l t s  p r e sen t ed  here  show t h a t  excised vesicle  s ta lks  
f rom m a t u r e  l emon  f ru i ts  are capab le  of man i f e s t i ng  
mi t o t i c  a c t i v i t y  w h e n  i n c u b a t e d  on  all exogenous  n u t r i e n t  
m e d i u m  far  s imple r  in compos i t i on  t h a n  a n y  h i t h e r t o  
employed .  

An  ave rage  b a t c h  ana lys i s  of Oxoid aga r  No. 3 shows 
t h a t  t h i s  m a t e r i a l  m a y  c o n t a i n  s ign i f ican t  q u a n t i t i e s  of 
inorgan ic  e l emen t s  w h i c h  are k n o w n  to  be  essent ia l  for 
p l a n t  g r o w t h  ~~ I t  is possible,  therefore ,  t h a t  t h e  t i ssue  
e x p l a n t s  were  be ing  suppl ied  w i th  one or more  of these  
mine ra l s  f rom t h e  aga r  itself. However ,  t h e  a p p a r e n t  
absence  of callus o u t g r o w t h s  as well  as t h e  absence  of 
m i t o t i c  f igures  f rom t h e  14-21-day-o ld  exp l an t s  in  t he  
1st an d  2rid t r e a t m e n t  ind ica te  t h a t  w h a t e v e r  n u t r i e n t  
m a t e r i a l  m i g h t  h a v e  been  suppl ied  b y  t h e  agar  itself, i t  
ev iden t ly  was n o t  suff ic ient  for b r ing ing  a b o u t  m i t o t i c  
a c t i v i t y  in t h e  ceils u n d e r  t h e  e x p e r i m e n t a l  cond i t ions  
employed  here.  Consequent ly ,  t h e  m a n i f e s t a t i o n  of mi to t i c  
a c t i v i t y  in  l emon  f ru i t  vesicle s ta lks  i n c u b a t e d  on t he  
Ca-K-sucrose  m e d i u m  in t h e  3rd t r e a t m e n t  lends  s u p p o r t  

�9 for t h e  sugges t ion  t h a t  t h e  Ca a n d  K p re s en t  in  l emon  
juice  m a y  n o t  be  ~vai lable  endogenous ly  for t h e  man i fe s t a -  
t i on  of m i t o t i c  a c t i v i t y  in  e x p l a n t e d  en t i r e  juice vesicles 
i so la ted  f rom all exogenous  n u t r i e n t s  b y  v i r t u e  of t he  
close assoc ia t ion  of these  ions w i t h  t h e  organic  acids 
p r e s en t  in  t h e  juice vesicle cells. 

Fig. 2 a) Ceils of a callus ou tg rowth  from a 17-day-old s ta lk  incuba ted  
on the Ca-K-sucrose medium. • b) Mitotic figure from a 17- 
day-old stalk incubated on the Ca-K-sucrose medium. • 1800. 

t5 F. C. STXWARn and  D. J.  DURZAN, Plant Physiolog2; (Ed. F. C. 
STEWARD; &Academic Press, New York  and  London  1965), voL 4a,  
p. 379. 
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The  pu rpose  of t he  p r e sen t  i n v e s t i g a t i o n  was no t  t h a t  
of s t i m u l a t i n g  or i nduc ing  m i t o t i c  a c t i v i t y  in  l emon  f ru i t  
e x p l a n t s  as a n  end  in  i tself  b u t  r a t h e r  to  i n v e s t i g a t e  t h e  
r e l a t i onsh ip  be tween  t h e  endogenous  a n d  exogenous  
n u t r i e n t  fac tors  assoc ia ted  w i t h  t he  t r a n s f o r m a t i o n  of 
qu iescen t  cells in  v ivo  in to  m i t o t i c a l l y  ac t ive  cells in 
v i t ro .  T h u s  t he  p r inc ip le  of t h o u g h t  u n d e r l y i n g  t he  p r e s en t  
i n v e s t i g a t i o n  is well  expressed  b y  t he  fo l lowing q u o t a t i o n  
f rom FILNER2~: ' W o u l d n ' t  i t  be nice to  h a v e  sys t ems  in 
wh ich  a d e v e l o p m e n t a l  e v e n t  is i n i t i a t ed  b y  a me tabo l i t e ,  
p a r t i c u l a r l y  one whose  b i o c h e m i s t r y  is well  k n o w n  ? 
Then ,  w i t h  a l i t t l e  b i t  of luck,  p e r h a p s  t he  si te  of i n i t i a t i on  
and  t he  cha in  of b iochemica l  s teps  l ead ing  to  t h e  develop-  
m e n t a l  e v e n t  would  be found  in t he  k n o w n  b i o c h e m i s t r y '  2e. 

Zusammen/assung. Nachweis  e iner  Mi tose -Akt iv i t / i t  bei  
Z i t r o n e n f r u c h t - G e w e b e s c h n i t t e n ,  die auf  e inern Calcium- 

K a l i u m - S a c c h a r o s e - M e d i u m  ohne  ande re  b e k a n n t e  N/ihr-  
s u b s t a n z e n  beb r f i t e t  wurden .  
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O b s e r v a t i o n s  o n  N u c l e o l a r  S t a i n i n g  w i t h  O s m i u m  T e t r o x i d e  

A s imple  t e c h n i q u e  for nuc leo la r  s t a in ing  in p l a n t  cells, 
based  on  t he  o s m i u m  t e t r o x i d e  (OsO4) f ixa t ion ,  has  been  
r epo r t ed  b y  BATTAGLIA and  MAaGINI ~. The  app l i ca t i on  of 
t h i s  t e c h n i q u e  has  a l lowed us to  s t u d y  t he  t o p o g r a p h i c  
d i s t r i b u t i o n  of t he  osmiophi l ic  c o m p o n e n t  in  n o r m a l  an d  
segrega ted  nucleol i  of A llium cepa m e r i s t e m a t i c  cells 2, 3. 
The  m e c h a n i s m  of nuc leo la r  s t a in ing  w i t h  OsO~ r ema i n s  
u n k n o w n ,  a l t h o u g h  a r eac t i on  be tween  OsO 4 an d  un-  
s a t u r a t e d  l ipids  has  been  sugges ted  ~, 4. W e  here  p r e s e n t  
some o b s e r v a t i o n s  in r e l a t i on  to a m e c h a n i s m  wh ich  
could accoun t  for nuc leo la r  s t a in ing  w i t h  OsO 4. 

Materials and methods. Root s  of A llium cepa bu lbs  
g rowing  in t a p  w a t e r  a t  r oom t e m p e r a t u r e  were f ixed 
w i t h  OsO 4 for 3-10 m i n  in one of t h e  fol lowing so lu t ions :  
a) 1% in dis t i l led  w a t e r ;  b) 5% in dis t i l led w a t e r ;  c) 2 .5% 
in 0.1 2// p h o s p h a t e  buf fe r  a t  p H  7.0, a n d  d) 2 .5% in 
0.4 N NH~. O t h e r  f ixa t ives  were also used:  e) 5% formal -  
dehyde  in 0.1 M p h o s p h a t e  buf fe r  a t  p H  7.0 for  30 rain,  
fol lowed by  OsO 4 as in  b) ; f) 1 h in  96% e thanol ,  fol lowed 
b y  50% a n d  25% e thanol ,  d is t i l led  w a t e r  a n d  t h e n  OsO 4 
as in b). Af te r  f i xa t i on  an d  w as h i n g  in  d is t i l led  w a t e r  t he  
s amples  were h e a t e d :  g) a t  60~ d u r i n g  15 m i n ;  h) a t  
80~ d u r i n g  5 m i n ;  i) a t  100~ d u r i n g  2 rain,  or j) t r e a t e d  
10 m i n  w i t h  1% p - p h e n y l e n d i a m i n e  in 70% e t h a n o l  5. 

Before  t h e  OsO~ t r e a t m e n t ,  e x t r a c t i v e  p rocedures  a n d  
e n z y m a t i c  d iges t ions  were car r ied  o u t  as follows: k) 
RNase ,  1 m g / m l  in 0.1 M p h o s p h a t e  buf fe r  a t  p H  7.0, 
1-2  h a t  r oom t e m p e r a t u r e  or a t  37~ fol lowed b y  
w as h i n g  in 5% cold perchlor ic  acid for 10 m i n ;  1) t ryps in ,  
1 m g / m l  in dis t i l led  w a t e r  a t  p H  a d j u s t e d  to 8 w i t h  0.01 N 
NaOH,  1 h a t  37~ m) 5% perch lor ic  acid,  16 h a t  4~ 
n) abso lu te  e t h a n o l  1 h, fol lowed b y  ch lo ro fo rm for 
3-48 h, a n d  t h e n  abso lu te ,  96%,  70% a n d  50% e t h a n o l ;  
o) 5 N HC1, 1 h a t  r o o m  t e m p e r a t u r e  ; p) DNase ,  1 m g / m l  
in 0.1 M p h o s p h a t e  buffer  a t  p H  7.0, 2 -4  h a t  37~ 

Af te r  all t hese  p rocedures  t h e  roo t - t i p s  were f l a t t e n e d  
in 1-2 drops  of d is t i l led  water .  The  Feu lgen  r eac t i on  was 
car r ied  ou t  in  roots  p rev ious ly  f ixed for  10 ra in  as in  b). 
Af te r  a 10 ra in  hydro lys i s  in  1 N HC1 a t  60~ t h e  roo ts  
were t r e a t e d  w i t h  t h e  Schiff ' s  r e ag en t  for 30 min .  Some 
samples  f ixed as in  c) an d  t r e a t e d  as in g) or j), were 
d e h y d r a t e d  in alcohols  a n d  e m b e d d e d  in  3/[araglas. 
T h i n  sect ions  were o b t a i n e d  w i t h  a P o r t e r  B l u m  micro-  
t o m e  a n d  obse rved  in a Zeiss 9A elect ron microscope  
w i t h o u t  s ta in ing .  O t h e r  sect ions  were s t a ined  w i t h  u r a n y l  
a ce t a t e  an d  lead c i t r a t e  as usua l ly .  

Results and discussion. The  o b s e rv a t i o n s  are s u m m a r i z e d  
in t h e  Table .  A n y  of t h e  OsO~ f ixa t ions ,  fol lowed b y  a n y  
of t h e  h e a t i n g  p rocedures  or b y  t h e  t r e a t m e n t  w i t h  

Fig. 1. Allium cepa root-tip cells after osmium staining. 
Fig. 2. Greater magnification of an osmium-stained cell, showing 
the high contrast of the nuleolus (arrow). 
Fig. 3. RNase digestion before OsO 4 fixation. Notice the unstained 
nucleolus (arrow). 
Fig. 4. Ethanol fixation and tryipsin digestion before osmium 
staining. The nucleolus appears slightly stained (arrow). 
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