
1008 Speeialia EXPERIENTIA 32/8 

m i d n i g h t  were:  20.2 • 0.3 ~ and  106.5 4- 7.6 ~xmho. c m - L  
The  t u r b i d i t y  was 136 J= 19 F T U  (Formaz in  t u r b i d i t y  
units) ,  t h e  p H  r a n g e d  f rom 7.0 to 7.5, a n d  dissolved O 2 
was 5.3 ~_ 0.6 ppm.  E O D  recordings  were ob t a ined  f rom 
single f ish and  groups  of 2 to  5 ind iv idua l s  pass ing  t h r o u g h  
the  e lectrodes '  de t ec t i on  field. F igure  2 shows t he  E O D  
f requency  d i s t r i b u t i o n  of all  de tec ted  G. niloticus dur ing  
day  and  n i g h t t i m e .  The  d a y t i m e  ave rage  E O D  f requen-  
cies and  the i r  r anges  were n o t  s ign i f ican t ly  d i f fe ren t  f rom 
the  n i g h t t i m e  d a t a :  day,  253.4 • 27.9 Hz, range  204-313 
Hz ;  n igh t ,  251.5 • 34.8 Hz, r ange  196-326 Hz. Whi l e  
f ish were pass ing  in groups  of 2 to  5 ind iv idua l s  the  in i t ia l  
E O D  f requency  differences  (A/) a m o n g  ind iv idua l s  were 
m a i n t a i n e d  for as long as t he  f ish s t ayed  in t he  de tec t ion  
r ange  of t he  electrodes.  These  differences were no t  sig- 

Fig. 1. Sonogram illustrating the electric organ discharge frequencies 
of 5 G. niloticus passing through the detection field of the recording 
electrodes. 
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Fig. 2. Range and distribution of electric organ discharge frequencies 
of G. niloticus during day and nighttime. 

n i f i can t ly  d i f fe ren t  w i t h  r ega rd  to t h e  n u m b e r  of fish 
pass ing:  groups  of 2 (25 obse rva t ions ) :  A /  = 28.6 -c 
17.6 Hz, r ange  5-82 Hz ;  g roups  of 3 (14): A/  = 26.9 -k 
15 Hz, range  6-53 H z ;  groups  of 4 (9): /J[ = 14.7 4- 9 Hz,  
r ange  4-33 Hz ;  a n d  groups  of 5 (12) : J /  ~ 16.8 • 9.1 Hz, 
r ange  8-33 Hz. 

B) In  one of t h e  p e r m a n e n t  pools on the  i s land of 
I r o u n d a  E O D  recordings  a n d  ecological d a t a  were t a k e n  
b e t w een  12:00 an d  5:00 P.M. a t  d i f fe ren t  o b s e rv a t i o n  
si tes r an g i n g  in d e p t h  f rom 30 to 100 cm. The  w a t e r  
t e m p e r a t u r e  was 19.5 • 1.0~ c o n d u c t i v i t y  82.9 ~ 4.5 
~zmho �9 cm -1, t u r b i d i t y  64.2 ~- 8.3 F T U ,  p H  range  7.0 to  
7.5, and  dissolved O n was 7.7 • 1.2 ppm.  Over  a per iod  
of 2 weeks, 5 spec imens  of G. niloticus were observed  to 
m a i n t a i n  t h e  same  h id ing  places in p a r t l y  submerged  
bushes  of M i m o s a  aspirata (dur ing  day t ime)  which  t h e y  
left  du r ing  t h e  n i g h t  to  prey.  The  5 ind iv idua l s  were ident i -  
fied b y  t he i r  cha rac t e r i s t i c  E O D  frequencies  of 193, 212, 
223, 235 a n d  250 Hz.  

Discussion. Our  field d a t a  conf i rm t h e  wide range  of 
f requencies  o b t a i n e d  f rom G. niloticus k e p t  u n d e r  labora-  
t o r y  condi t ions .  C o n t r a r y  to n i g h t t i m e  E O D  increases  in 
o the r  m o r m y r i f o r m  fishes ~ we did  n o t  f ind s igni f icant  
da i ly  E O D  v a r i a t i o n s  in G. niloticus. LISSMANN ~ repor ted  
a decrease  in E O D  frequencies  in 2 cap t ive  specimens  over  
a 5 yea r  per iod  w h e n  these  f ish grew in size f rom 28 and  
38 cm to 52 a n d  54 cm. W e  c a u g h t  2 of the  I r o u n d a  f ish 
an d  also r e l a t ed  a h igher  f r equency  of 250 Hz to t h e  
smal le r  fish (22.5 cm) and  a lower f r equency  of 212 Hz  
to the  larger  f ish (37 cm). L a b o r a t o r y  recordings  f r o m  
young  6.7 to  9.5 cm G. niloticus show an  average  fre- 
q u e n c y  of 300 Hz  a t  21 ~ u n d e r  c o m p a r a b l e  c o n d u c t i v i t y  
cond i t ions  7. Since we recorded  t h e  K a l a m a l o u e  fish u n d e r  
re la t ive ly  c o n s t a n t  phys ico -chemiea l  cond i t ions  we a t -  
t r i b u t e  the  obse rved  range  of E O D  frequencies  in p a r t  to  
the  fishs '  age. Sex differences an d  possible f r equency  
v a r i a t i o n s  a n d / o r  f r equency  phase  shif ts  du r ing  specific 
b e h a v i o r a l  i n t e r ac t i ons  r e m a i n  to be  inves t iga ted .  R e c e n t  
l a b o r a t o r y  s tudies  on (EOD frequency-)  j a m m i n g - a v o i -  
dance  8 showed t h a t  G. niloticus w h e n  s t i m u l a t e d  w i t h  
f requencies  close to  i ts  own will sh i f t  i ts  E O D  f requency  
b y  a t  leas t  4 Hz, a va lue  wh ich  is in accordance  w i t h  our  
n a t u r a l  obse rva t ions .  

P. MOLLER, Anim. Behav. 78, 768 (1970). 
7 p. MOLLER, unpublished data. 
8 W. HEILIGENBERG, J. comp. Physiol. 103, 55 (1975). 

Primary Nucleolus and Amphinucleol i  in the Oocytes of Patel la coerulea  L. (Moll. Gast.) 

A. BOLOGNARI, A. LICATA and  M. B. t~ICCA 

Ist i tuto di Zoologia e A n a t o m i a  comparata dell' Universitd, M es s i n a  (Italy),  8 December 1975. 

Summary .  Elec t ron  microscope obse rva t ions  show in t h e  p r i m a r y  nucleolus  some g r a n u l a t i o n s  w i t h  d imens ions  less 
(70 A) t h a n  those  of t he  amph inuc leo l i  (90 A). E v e n  t h o u g h  t h e  p r i m a r y  nucleolus  has  a h igh  R N A  con ten t ,  th i s  h a s  
n o t  a v e r y  ac t ive  t u r n o v e r  e x c e p t  a t  t h e  pe r iphery ,  p r o b a b l y  in r e l a t ion  to  t h e  emiss ion  of ' daugh te r -nuc leo l i ' .  T he  
amphinuc leo l i ,  even  t h o u g h  t h e y  do n o t  h a v e  R N A  which  is cy tochemica l l y  discloseable,  possess, however ,  R N A  a t  
a v e r y  h i g h  ra t e  of t u rnove r .  

F r o m  the  research  done  especial ly  b y  JORGENSEN 1 
a n d  b y  t h e  researchers  of t he  I n s t i t u t e  of Zoology 2 of t h e  
U n i v e r s i t y  of Messina,  i t  appea r s  t h a t  t he  oocytes  of 
Patella coerulea p re sen t  a complex  nuc leo la r  a p p a r a t u s  
du r ing  t he i r  g rowth .  This  is c o n s t i t u t e d  b y  a ' p r i m a r y  
nucleolus '  more  or less d i s t a n t  f rom the  nuc lea r  m e m b r a n e ,  
co lourable  in  red w i t h  Mal lory ' s  m e t h o d  a n d  in blue w i t h  

Domin ic i ' s  me t h o d ,  w i t h  c lear  ev idence  of R N A  a n d  
w i t h o u t  nucleolini ,  a n d  b y  a va r i ab l e  n u m b e r  of ' am-  
phinuc leo l i '  w h i c h  genera l ly  adhere  to  t h e  nuc l ea r  
m e m b r a n e  u n t i l  t h e y  g r adua l l y  wear  t h e m s e l v e s  out.  T he  
amph inuc leo l i  are colourable  in b lue  w i t h  Mal lory ' s  
m e t h o d  a n d  in red  w i t h  Domin ic i ' s  m e t h o d ;  t h e y  show 
no ev idence  of R N A  a n d  h a v e  nucleol in i  wh ich  are more  
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Fig. 1. Zone of contact between 
the amphinucleolus (a) and the 
primary nucleolus (np); note that 
greater and denser granulations 
exists in the amphinueleolus than 
in the primary nucleolus. Tech- 
nique is outlined in the text. 
• 6,600. 
Fig. 2. Feripherie portions of the 
primary nucleolus (np); note the 
separation of the daughter-nucle- 
olus (nf). • 6,600. 
Fig. 3. Part of the nucleus (N) and 
of the cytoplasm (C); note in 
the amphinucleolus (a) the 'clear 
fibrillar zones' (arrows), the daugh- 
ter-nucleolus (nf), the nuclear 
membrane (ran) and the yolk 
globules (v). • 3,300. 
Fig. 4. Oocyte, in whose nucleus 
(N) there is an amphinucleolus (a) 
strongly marked with uridin-H a, 
and a primary nueleolus (np) with 
its central part unmarked. Tech- 
nique is outlined in the text. 
• 440. 

numerous  the  grea ter  the  d imensions  of the  nucleolus.  
U n d e r  the  f luorescent  microscope a and  under  the  e lec t ron 
microscope 4, differences have  also been observed  be- 
tween  the  two types  of nucleoli. Other  d i f fe ren t ia t ing  
character is t ics  have  been apprec ia ted  by  cy tochemica l  
profile 5. Other  small  nucleoli  wi th  R N A  have  been singled 
out ;  t h e y  have  the  capac i ty  to overcome the  nuclear  
m e m b r a n e  and  t rans fe r  themse lves  into the  cy top la sm a 
(Figures 1-4). 

New inves t iga t ions  have  enabled  us now to ver i fy  
fu r ther  differences be tween  these  2 types  of nucleoli. 
W i t h  the  U n n a - P a p p e n h e i m ' s  m e t h o d  a t  d i f ferent  p H  
(from 5 to  11) according to the  t echn ique  of GEROLA and 
VANNINIT, and  wi th  the  contro l  by  means  of the  ribo- 
nuclease according to BRACHET, a no tab le  concen-  
t r a t i on  of R N A  has been  conf i rmed in the  p r i m a r y  
nucleolus (pers is tent  pyron inophi l i a  a t  h igher  pH) and  
its a p p a r e n t  absence in the  amphinucleol i  (pyronino- 
phil ia only  a t  the  lower pH).  

By means  of au torad iographic  invest igat ions ,  a no- 
table  a s sumpt ion  of ur id in-H a was shown by  the  amphi -  
nucleoli  (after 11/2 h of con tac t  wi th  a concen t r a t i on  of 
5 txCi/g of animal) especial ly when  t h e y  were near  the  
nuclear  m e m b r a n e  (Figure 4). This a s sumpt ion  was ab- 
sent  in the  cent ra l  p a r t  of the  p r i m a r y  nucleolus (Figure 
4), bu t  ev iden t  a t  var ious poin ts  of its per iphera l  layer. 
For  th is  purpose  the  mater ia l  f ixed in Bouin and cu t  in 
sect ions was  exposed  for 5 weeks. The tes t s  done wi th  
t imid in -H  3 d id  no t  pe rmi t  t he  observat ion ,  even af ter  
3 h of con tac t  and  wi th  concen t ra t ion  of up to 40 aCi/g 
of animal ,  of tile a s sumpt ion  of the  subs tance  e i ther  in 
the  p r i m a r y  nucleolus or in the  amphinucleol i .  

U n d e r  t he  e lectron microscope (pre-f ixat ion in glutar ic  
a ldehyde  a t  4%, f ixat ion in OsO 4 a t  1% on a Millonig 
buffer ;  inclusion in ara ldi te-epon,  con t ras t s  wi th  ura- 
nyle ace ta te  a t  5% and wi th  lead c i t ra te  according to  

Reynold)  in the  p r i ma ry  nucleolus (Figure 1) some 
granula t ions  were seen wi th  d imensions  less (average 
d iamete r  70 A) t h a n  the  granula t ions  of the  amphi -  
nucleoli (average d iamete r  90 A). These granula t ions  
were, as a rule, less dense in the  first  case t h a n  in the  
second (Figure 1). In  any  case, dur ing  the  course of the  
g rowth  of the  oocytes,  fibrils of a th ickness  of 40 and 
60 A were found to be in terposed be tween  the  granula-  
t ions. F r o m  the  per iphera l  por t ion  of the  p r i ma ry  nuc- 
leolus, a kind of separa t ion  of ' gemmae '  or ' daugh te r -  
nucleoli '  was also observed (Figure 2) hav ing  the  same 
u l t r a s t ruc tu ra l  character is t ics .  Then,  in the  amphi -  
nucleoli  so-called 'clear fibrillar zones '  (Figure 3), which  
cor respond to the  nucleolini, appeared.  These zones con- 
ta ined,  in a ve ry  clear matr ix ,  some fibrils wi th  a th ick-  
ness of f rom 30 to 60 A and were su r rounded  by  o the r  
fibrils of the  same type  b u t  ve ry  dense in such  a m a n n e r  
t h a t  t h e y  cons t i tu ted ,  all together ,  a k ind  of l imit ing 
membrane .  

These new inves t iga t ions  pe rmi t  us to  aff i rm t h a t  in 
the  oocytes  of Patella coerulea, even t h o u g h  the  p r i ma ry  
nucleolus has a h igh R N A  conten t ,  th is  has  no t  a ve ry  
act ive  t u rn o v e r  excep t  a t  t he  per iphery ,  p ro b ab l y  in 

1 M. J6RGENSEN, Arch. Zellforsch. 70, 1 (1913). 
2 A. BOLOGNARI, Researches on the nucleolus, vitellogenesis, Golgi 
.apparatus and the tumour cell carried out at the Institute of 
Zoology of Messina Univez~ity betweerl 1953 arid 1973 (UI~iversit~ 
degli Studi, Messina, 1974). 

a A. BOLOGNARI and A. DONATO, Atti Soc. pelorit, Sei. fis. mat. nat. 
lO, 301 (1964). 

4 A. BOLOGNARI, Nature, Loud. 183, 1136 (1959). 
5 A. BOLOGNARI, Aeta histoehem. 8, 504 (1959). 
G M. P. ALUAN~SE, Experientia 20, 550 (1964), 
7 F. GEROL* and E. VAN~INI, Boll. Soe. ital. Biol. sper. 25, 644 

(1949). 
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r e l a t i o n  to  t h e  e m i s s i o n  of t h e  ' d a u g h t e r - n u c l e o l i ' .  T h e y  
a lso  p e r m i t  u s  t o  a f f i r m  t h a t  t h e  a m p h i n u c l e o l i ,  e v e n  
t h o u g h  t h e y  do  n o t  h a v e  R N A  w h i c h  is c y t o c h e m i c a l l y  
d i sc loseab le ,  do,  h o w e v e r ,  pos se s s ,  R N A  a t  a v e r y  h i g h  
r a t e  of  t u r n o v e r .  T h e r e  a r e  e v e n  s e a t s  of  a n a l o g o u s  
p r o c e s s e s  s, in  t h e  g r o w i n g  o o c y t e s  of  Limnaea stagnalis, 
t h e  s o - c a l l e d  ' p a r a - n u e l e o l u s '  ( w i t h o u t  v a c u o l e s  a n d  
w h i c h  does  n o t  i n c o r p o r a t e  u r i d i n - H  3) a n d  t h e  ' a m p h i -  
n u c l e o l u s '  ( w h i c h  b e c o m e s  v a c n o l a t e  a n d  i n c o r p o r a t e s  
u r i d i n - H 3 ) .  T h e  d i f f e r e n t  s izes  a n d  t h e  d i f f e r e n t  d e n s i t y  
of  t h e  g r a n u l a t i o n s  s h o w n  u n d e r  t h e  e l e c t r o n  m i c r o s c o p e  
in  t h e  o o c y t e s  of  Patella coerulea g i ve  s u p p o r t  to  t h e  i d e a  
t h a t  t h e  r i b o n u c l e o p r o t e i n s  h a v e  a d i f f e r e n t  u l t r a s t r u c -  
r u r a l  e x p r e s s i o n  in  t h e  p r i m a r y  n u c l e o l u s  a n d  in  t h e  
a m p h i n u c l e o l i .  

W i t h  r e f e r e n c e  to  t h e  r e c e n t  r e s e a r c h  of  GOESS]gNS ~, 
w h i c h  d e m o n s t r a t e d  in  t h e  ' c e n t r e s  f ib r i l l a i r es '  of  t h e  
n u c l e o l i  of  t h e  t u m o r a l  cel ls  of  E h r l i c h  t h e  p r e s e n c e  of  
D N A ,  a l t h o u g h  in  v e r y  s m a l l  q u a n t i t y ,  we  a re  n o t  ab l e  
to  c o n f i r m  a n a l o g o u s  r e s u l t s  in  t h e  m a t e r i a l  we  u n d e r -  
t o o k  t o  e x a m i n e .  A s  t o  t h e  R N A  of  t h e  p r i m a r y  n u c l e o l u s ,  
we  h a v e  p o s i t i v e  i n d i c a t i o n s  for  i t s  p r e s e n c e  in  o r d e r  t o  
p r e p a r e  t h e  p r o t e i c  y o l k  in  t h e  c y t o p l a s m ,  a t  t h e  p r e s e n t  
s t a g e ,  we  h a v e  no  i n d i c a t i o n s  for  t h e  m e a n i n g  t o  be  
a t t r i b u t e d  to  t h e  R N A  of  t h e  a m p h i n u c l e o l i .  

s L. ]KIELBdWNA and B. KOgCIELSKI, Cell Tiss. Res. 152, 103 (1974). 
G. GOESSE~S, C. r. Acad. Sci., Paris 279, 991 (1974). 

B i p h a s i c  R e g u l a t i o n  of T r a n s p o r t  T h r o u g h  P lant  Cell M e m b r a n e s  by Kinet in  and its  Pos s ib l e  R e -  
la t ion  to Direc ted  T r a n s p o r t  B e t w e e n  Source  and S ink  

J. SONKA 1 

Abteilung Biologie f l der Universitiit Ulm, Oberer Eselsberg, D-7900 Ulm (German Federal ]~epublic, B]~D), 24 No- 
vember 7975. 

Summary. T h e  s i g n i f i c a n c e  of  a b i p h a s i c  d o s e - r e s p o n s e  c u r v e  of  k i n e t i n  for  t h e  s o u r c e - s i n k  r e l a t i o n  is s h o w n .  S u c h  a 
r e g u l a t o r  c a n  c r e a t e  s i m u l t a n e o u s l y  b o t h  s o u r c e  a n d  s i nk .  

L0TTGE 2 h a s  r e c e n t l y  r e v i e w e d  t h e  ' s o u r c e - s i n k  h y p o -  
t h e s i s '  of  t r a n s p o r t  in p l a n t s  ( ba sed  on  t h e  w o r k  of 
ARIsZa).  H e  u s e d  t h e  t e r m  ' s o u r c e - s i n k  g r a d i e n t '  to  
d e s c r i b e  h o w  a s u b s t a n c e  m a y  d i f f u s e  f r o m  a r e g i o n  of  
h i g h e r  c o n c e n t r a t i o n  (source)  t o  a r e g i o n  of l ower  c o n -  
c e n t r a t i o n  (sink) t h r o u g h  t h e  s y m p l a s t .  A d i f f u s i o n  
r e g i o n  is p r e s e n t  b e t w e e n  s o u r c e  a n d  s ink .  H o w e v e r ,  in  
o r d e r  t h a t  s o u r c e  a n d  s i n k  s h o u l d  p o s s e s s  s o m e  s o r t  of  
s t a b i l i t y ,  t h e r e  m u s t  n o t  o n l y  be  a c o n c e n t r a t i o n  g r a d i e n t  
in  t h e  d i f f u s i o n  space ,  b u t  b o t h  s o u r c e  a n d  s i n k  m u s t  be  
c a p a b l e  of  b e i n g  e n c l o s e d  so  t h a t  s u b m i s s i o n  a n d  u p t a k e  
of t h e  s u b s t a n c e  m a y  be  r e g u l a t e d ,  a n d  o n l y  c o n c e n t r a -  
t i o n s  o u t s i d e  t h e s e  e n c l o s e d  s p a c e s  a r e  r e l e v a n t  for  t h e  
d i f f u s i o n .  O n e  m u s t  t h e r e f o r e  s e a r c h  for  a m e c h a n i s m  
a l l o w i n g  s i m u l t a n e o u s  r e g u l a t i o n  a t  b o t h  s i tes .  

T h e  a t t r a c t i o n  of  s u b s t a n c e s  b y  k i n e t i n  4 w a s  d e s c r i b e d  
in  t e r m s  of a s ing le  c o n t r o l  p o i n t ,  i.e. t h a t  of  t h e  s ink .  
T h e  p o s s i b i l i t y  s i m u l t a n e o u s l y  to  r e g u l a t e  b o t h  p r o c e s s e s ,  
u p t a k e  in  t h e  s i n k  a n d  s u b m i s s i o n  in  t h e  sou rce ,  c a n  b e  
f o u n d  b y  i n t e r p r e t i n g  2 p r e v i o u s  pape r s~ ,% A b i p h a s i c  
d o s e - r e s p o n s e  c u r v e  w a s  f o u n d  in  e x p e r i m e n t s  on  t h e  

I am indebted to Mrs. Dr. R. GRILL for help with the translation 
of this paper. 

2 U. Ls162 Sto//transport tier Pflanzen (Springer-Verlag, Berlin, 
Heidelberg, New York 1973). 

3 W. H. ARISZ, Acta bot. neerl. 18, 14 (1969). 
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Fig. 1. Short review of the results from a previous papeS'. Right: 
Data about the method. Potassium content of hypocotyl segments 
was measured by means of flame photometry. Left: Dose-response 
dependence of the potassium content of the hypocotyls upon the 
concentration of the kinetin solution. No significant difference be- 
tween the respective segments could be found. Since an excess of 
kinetin (in comparison with the naturally occurring amount) had 
to be applied, no natural  conditions with respect to gradients can 
be created. The resulting curve does not simulate natural relations 
of transport  regulation but  shows the reaction of cells. 
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Fig. 2. Short review of the results of a previous paper 6. Right: Data 
about the method (plasinometric measurements).  Left: Dose- 
response dependence of the degree of plasmolysis upon the concen- 
tration of kinetin in the pretreatment  medium (water 3 h). Since 
the correlation of the plasmolytic behaviour of the cells with changes 
of their potassium content could easily be shown, this curve can be 
compared with the curve from Figure 1. Measurements on single 
cells and on complex parts of plant tissue gave the same results. 


