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(control);  0.992487 and 0.993137 for 0.7 M ethanol ;  and 
0.987146 and 0.987699 for 1.4 M ethanol.  

The  results for d~ are in the  Figure.  A t  concent ra t ions  
of e thanol  which produce general  anesthesia  2~ (0.05 M) 
the  specific volumes  ( =  reciprocal  of the specific density) 
of the  membranes  increased by  0.5-0.6%. At  e thanol  
concentra t ions  which produce  local anesthesia t (1 3~ r) 
the specific vo lume expansions were be tween  3 and 6%. 

The Figure  also shows t h a t  0.05 M ethanol  expanded  
the  specific vo lume  of l iposome membranes  27 (lecithin;  
cholesterol : 1 : 2 molar  ratio) by only 0.01%, in agreement  
wi th  the  membrane-occupying  vo lume  of 0.02% by  the  
drug in the  membrane  phase ~. 

Since the  specific vo lume  expansion of the  biological 
membranes  (0,5%) is m a n y  t imes  more  t h a n  t h a t  for 
l ipid membranes  (0.01%), this  s t rongly suggests t h a t  
conformat ion  changes in membrane  proteins  under ly  
the membrane  expansion. Pressure reversal  of anesthesia  
would then  involve  a re turn  of the  prote in  conformat ion  
to its na t ive  state,  ra ther  t han  modi fy  the  lipids. Al though  
it  has been claimed t h a t  pressure reverses or antagonizes  
the  anesthet ic- induced leakiness or disorder in lipo- 
somes 2~-~0 this is no t  t rue  antagonism,  since pressure by  
itself changes the  leakiness and ordering of l ipids l, a~-~0 
wi thou t  shif t ing the  dose-response c~rve  2~. 

Rdsumd. Uti l i san t  une nouvel le  mesure  de densit4, de 
hau te  pr6cision, on 6tudia l 'effet  de l '~thanol  sur le poids 
sp6cffiqne des membranes  des 6rythrocytes  et des 
synaptosomes.  La concent ra t ion  de l%thanol  qui  p rodu i t  
l 'anesth6sie g6n6rale (0.05 M) 6tendi t  le vo lume  sp~cifique 
des membranes  5~ 0.5-0.6o/0 . Aux  concent ra t ions  de 
l '6 thanol  qni  produisent  l 'anesth6sie locale (1 24) l 'ex-  
tens ion du vo lume  sp~cifique rut  de 3 et 6%. Ces r6sultats  
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volume of erythrocyte and brain 
synaptosome membranes by 
0.6% at general anesthetic con- 
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(1 M). Liposomes were expand- 
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suppor ten t  la th6orie de l ' ex tens ion  des membranes  par  
les anesth6t iques et  suggSrent que l ' ex tens ion  des 
cons t i tnants  prot6in6s des membranes  est plus impor t an t e  
que celle des const i tuants  lipides. 
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at Appendix: Equation I is derived as follows, d ~  = (rob + m ~ - k  ra~)/ 

( V ~ + V ~ + V ~ ) ,  where rob, m ~  and tn~ are the masses (in g per 
test-tube) of buffer medium, membrane water, and dry membrane, 
respectively, and where V~, V ~  and Vm are the corresponding vo- 
Iumes (in ml per tube). Dividing all 6 terms by V8 (=  volume of 
suspension in tube), and substituting W for nr m~,jd~ for V~, 
and dbV for my, one obtains d~ = [ (&Vb]V~) + (m~]V,) + W]/[(V d 
V,) + (Vm~dV~) +W/d~]. Further substituting [ for V~]V~, and h for 
m,~[V~, and rearranging, one arrives at equation 1. 
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T i m e  D e p e n d e n c e  o f  a N e u r o c h e m i c a l  Correlate of  a Learnin~ Task:  a N o n - D i s r u p t i v e  Approach 
to M e m o r y  Consol idat ion 

Learning and m e m o r y  cons t i tu te  the  acquis i t ion and t ime  course of m e m o r y  consol idat ion are 'd i s rupt ive '  in 
re ten t ion  of informat ion  in t ime.  Most techniques,  such tha t  t hey  depend on the  ext inc t ion  of memory ;  fur ther-  
as e lectro-convulsive shock 2, anaesthet ics  2 and inhibi tors  more, the  results based on these techniques  are  conflicting. 
of prote in  and R N A  synthesis  a, 4 used to establ ish the  I t  is fel t  t h a t  the  t ime  course of a neurochemical  correlate 



15.7.1974 Specialia 761 

of a c o n t i n u o u s  l ea rn ing  t a sk  m a y  ass is t  t he  s equen t i a l  
ana lys i s  of m e m o r y  conso l ida t ion  w i t h o u t  d i s r u p t i n g  t h e  
m e m o r y  t race .  

SHASI-IoUA 5 has demonstrated that fish have the 
ability to learn to swim in the normal position following 
the attachment of corks to their ventral surfaces. This 
learning task includes a memory component that is 
inhibited by puromycin 5, cyclohexamide and actino- 
mycin 6. Shashoua successfully used the ratio of uridine to 
cytidine in newly synthesized brain RNA as an index of 
base composition changes in the fish on completing the 
learning task 5. He subsequently showed that changes in 
t h e  u r i d i n e / c y t i d i n e  (U/C) r a t io  were i n d e p e n d e n t  of 
stress, exercise or i n t ense  e lect r ica l  a c t i v i t y  ~. 

We  h a v e  f u r t h e r  e x a m i n e d  t h e  t i m e  course of changes  in 
t h e  U/C r a t i o  of newly  syn thes i zed  b r a i n  R N A  dur ing,  on 
comple t i on  of, an d  fol lowing t h e  same  l ea rn ing  t a s k  in 
carp. S~IAStlOUA only  appl ied  t h i s  ana lys i s  a f te r  comple~ 
t i on  of t h e  l ea rn ing  task.  

Mater ia ls  and methods. The  c o n t i n u o u s  l ea rn ing  t a s k  
depended  u p o n  t h e  ab i l i t y  of a fish, Cypri•us carpio L,, 
to  learn  to  swim in t h e  n o r m a l  pos i t i on  a f t e r  t h e  a t t a c h -  
m e n t  of a f loa t  to  i ts  v e n t r a l  surface.  P o l y s t y r e n e  f loa ts  
(1.5 ml /20  g fish) were s u t u r ed  5 m m  cauda l  to  t h e  l a te ra l  
fins. B y  4 h all  f ish h a d  lea rned  to  c o m p e n s a t e  for t he  
f loa t  an d  to swim in t h e  n o r m a l  pos i t ion  (Figure 1). 

I n  all e x p e r i m e n t s  10 btCi of t h e  p y r i m i d i n e  p recurso r  
orot ic  ae id-5-H 3 (26.4 C i /mM) ,  dissolved in 10 ~1 of 
s ter i le  n o r m a l  saline,  was  in jec ted  in to  t i le s u b a r a c h n o i d  
space t h r o u g h  t h e  a n t e r i o r  c r an ium.  I n j e c t i o n s  were 
a lways  g iven  4 h before t h e  fish were killed. E a c h  measure -  
m e n t  was on  4 pooled f ish b ra ins ;  a t  each  t ime-pe r iod  
s tudied ,  5 e x p e r i m e n t a l  (wi th  f loats)  a n d  5 con t ro l  
( sham-opera ted)  m e a s u r e m e n t s  were made.  Contro ls  were 
h a n d l e d  to t h e  same e x t e n t  as t h e  e x p e r i m e n t a l s  and  
were s h a m - o p e r a t e d  a t  the  same t i m e  t h a t  t h e  f loa ts  were 
a t t a c h e d  to t h e  e x p e r i m e n t a l  group.  

At  t h e  end  of each  t i m e  per iod  assayed,  t h e  b ra ins  were im- 
m e d i a t e l y  r e m o v e d  f rom tile f ish an d  washed  w i t h  0 ~ Tris  
buffer,  p H  7.6. Cy top lasmic  R N A  was e x t r a c t e d  b y  a c01d 
p h e n o l  t e c h n i q u e  8. The  R N A  was pur i f ied  a n d  freed 
f rom adso rbed  nuc leo t ides  a n d  t h e n  h y d r o l y z e d  ill KOH.  
The  bases  were sepa ra t ed  b y  TLC on cellulose p la tes  
(Machery  Nagel  cellulose 300) us ing  a so lven t  s y s t e m  of 
propan-2-ol ,  HC1 an d  w a t e r  (60:8 :27) .  Cy t id ine  an d  uri-  
d ine  were e lu ted  an d  co u n t ed  in In s t age l  (Packard) .  

Results.  In  the  f i rs t  expe r imen t ,  changes  in the  U/C 
ra t io  d u r i n g  an d  a f te r  the  l ea rn ing  t a sk  were m e a s u r e d  a t  
i n t e rva l s  of 2, 4, 6, 8, 16 a n d  24 h a f t e r  opera t ion .  A t  2 
an d  8 h of f loa t  a t t a c h m e n t ,  t h e  e x p e r i m e n t a l  U/C va lues  
differ  s ign i f i can t ly  f rom t h e  controls ,  F igure  2 ( P  < 0.01 
in b o t h  cases). Thus  t h e  changes  in t h e  r a t i o  are no t  
u n i fo rm  d u r i n g  l ea rn ing  b u t  are m a x i m a l  a t  2 h Of 
l ea rn ing  a n d  a b o u t  4 h a f t e r  c o m p l e t i o n  of the  task.  
The  change  obse rved  4 h a f t e r  c o m p l e t i o n  of t h e  t a s k  
(8 h of f loa t  a t t a c h m e n t )  m i g h t  be  r e l a t ed  to  t h e  con- 
so l ida t ion  of long  t e r m  memory ,  since th i s  t i m e  i n t e r v a l  
is of t h e  same  order  of m a g n i t u d e  seen in d i s r u p t i v e  
s tud ies  of long t e r m  m e m o r y  9. 

T h a t  th i s  change  is n o t  due  to c o n t i n u e d  f loa t  a t t a c h -  
m e n t  is shown b y  a n o t h e r  set  of e x p e r i m e n t s  in wh ich  t h e  
f loa ts  were r e m o v e d  a t  the  t i m e  w h e n  t h e  e x p e r i m e n t a l  
f ish h a d  lea rned  to swim in t h e  n o r m a l  pos i t ion .  All t he  
f ish were in jec ted  t h e n  a n d  ki l led 4 h later .  I n  th i s  series, 
5 e x p e r i m e n t a l  (20 fish) an d  5 con t ro l  (20 fish) measure -  
m e n t s  were made .  The  U/C ra t ios  were 1.74 • 0.39 
(S.E.M.) an d  0.56 :k 0.02 (S.E.M.) r e spec t ive ly  a n d  are 
s ign i f i can t ly  d i f fe ren t  ( P  < 0.02). 

Fig. 1. Stages in the ability of the fish to swim in the normal position 
following float attachment. A) 30-60 rain after float attachment 
(upside-down fish). B) 1-2 h (intermittent diving). C) 4 h (swimming 
in the normal position). 
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Discussion. The  U/C ra t io  changes  a t  2 and  8 h m i g h t  
be  r e l a t ed  to  a h igh  p r o p o r t i o n  of h y b r i d i z a b l e  R N A  
molecules  in  t h e  b r a i n  w i t h  sho r t  hal f - l ives  (2.5-4 h ) l~  
such  molecules  m a y  fac i l i t a te  a d a p t a t i o n s  to  changes  in 
physiological  cond i t ions  b y  a n  a l t e r a t i o n  in p ro t e in  
syn thes i s  n.  Changes  in r ibosomal  and  t R N A  18 could also 
c o n t r i b u t e  to  a n y  a l t e r a t i ons  in  R N A  species. T he  ear ly  
changes  obse rved  du r ing  l ea rn ing  are di f f icul t  to  i n t e r p r e t  
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Fig. 2. Time course of an index of base composition (uridine/cytidine 
ratio) during (0M h) and after (4-24 h) the learning task. In each 
case the label was injected 4h before measurement. Solid line, 
experimentals; interrupted line, controls. For each point, n = 5 
(where n = 1, 4 brains are pooled); values are given as means =c 
S.E.M. 

in t e r m s  of i n f o r m a t i o n  s torage  a n d  m a y  well  r ep re sen t  
non-specif ic  changes  associa ted  w i t h  t he  onse t  of a chal-  
lenging l ea rn ing  t a s k  such  as arousal .  

Conso l ida t ion  of long t e r m  m e m o r y  b y  a n  a l t e r a t i on  of 
synap t i c  t r ansmiss ion ,  changes  in glial  a c t i v i t y  or post -  
synap t i c  recep tor  mod i f i ca t ion  m i g h t  invo lve  the  syn thes i s  
of new or increased  levels of ex i t ing  pro te ins .  This  would  
requi re  a n  increase  in t r a n s c r i p t i o n  a n d  t r a n s l a t i o n  a n d  in 
poss ible  changes  in cy top l a smic  R N A  species a n d  would  
help  to exp la in  changes  in t he  U/C ra t io  obse rved  on 
comple t i on  of t he  l ea rn ing  task .  H a v i n g  shown  t h a t  a 
neu rochemica l  cor re la te  of l ea rn ing  is t i m e  d e p e n d e n t ,  
a n o n - d i s r u p t i v e  a p p r o a c h  t o g e t h e r  w i t h  t h e  measure -  
m e n t  of t he  exac t  half- l ives,  locat ions ,  a n d  specif ic i ty  
of a n y  such  neu rochemica l  cor re la tes  m a y  p rove  p ro f i t ab le  
to  a s equen t i a l  ana lys i s  of memory ,  

Zusammen/assung. VerXnderungen  am n e u r o c h e m i s c h e n  
K o r r e l a t  des E r i n n e r u n g s -  u n d  L e r n v e r m S g e n s  iln F i sch  
erwiesen sich als ze i tabh~ngig .  
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Phosphorus  Metabol ism in Grape Buds During Floral Initiation 

The  i m p o r t a n c e  of P n u t r i t i o n  in g rape  p r o d u c t i o n  has  
been  e m p h a s i z e d  b y  m a n y  workers  1-3. I t  has  been  re- 
p o r t e d  t h a t  app l i ca t ion  of P fer t i l izers  a t  t he  t i m e  of f loral  
i n i t i a t i o n  a n d  d i f f e r en t i a t i on  e n h a n c e d  t he  n u m b e r  of 
fer t i le  b u d s  ~ w i t h  acce le ra ted  a c c u m u l a t i o n  of P 5,6. I t  h a s  
also been  obse rved  t h a t  t he re  was a t r e m e n d o u s  upsurge  
in t he  nucleic  acid P d u r i n g  f loral  i n i t i a t i o n  a n d  differen-  
t i a t i o n  1. The  p r e sen t  s t u d y  was u n d e r t a k e n  w i t h  a v iew to 
i n v e s t i g a t i n g  t he  i n c o r p o r a t i o n  of soil appl ied  P in to  
var ious  p h o s p h o r u s  c o m p o u n d s  in  t h e  b u d s  of v igorous ly  
growing A n a b - e - S h a h i  (AS) a n d  less v igorous  B a n g a l o r e  
B lue  (BB) P a c h a d r a k s h a  (PD) a n d  Ka l i  Saheb i  (KS) grape  
cul t ivars ,  d u r i n g  f loral  in i t i a t ion .  

R a d i o a c t i v e  p h o s p h o r u s  in  t he  fo rm of ' ca r r ie r  free '  
ortho-phosphoric acid a t  0.5 t a C t / p l a n t  was  in j ec t ed  in to  
t he  holes in  t he  soil, m a d e  a r o u n d  t h e  p lan t s ,  5 days  
before  n o r m a l  t i m e  of f loral  i n i t i a t i on  5 Bud  samples  were 
col lected f rom the  cu r r en t  shoots  a t  t he  t i m e  of f loral  
i n i t i a t i o n  f rom all  cu l t iva r s  a n d  t he  p h o s p h o r y l a t e d  
c o m p o u n d s  were  f r ac t ioned  7 a f te r  r e m o v i n g  t h e  d ry  
scales a n d  t o m e n t o s e  hairs .  1 ml  in  each  of t h e  f rac t ions  
was dr ied  in cupped  p l a n c h e t s  u n d e r  in f ra red  l a m p  and  
assayed  for a~p a c t i v i t y  w i t h  t he  aid of Ph i l ips  GM 
counter .  The  m e a n  a c t i v i t y  of 32p of all f rac t ions  of P are 
g iven  in t he  Table .  

The  resul t s  i nd i ca t ed  t h a t  t h e  i nco rpo ra t i on  of 32p 
in t he  b u d s  was more  in v igorous ly  growing  AS t h a n  in 

less vigorous cultivars. The high rate of incorporation of 
3sp in t he  b u d s  of v igorous ly  growing var ie t ies  m i g h t  be  
due  to  t he  presence  of a g rea te r  n u m b e r  of large-s ized 
c o n d u c t i n g  vessels s wh ich  in  t u r n  could h a v e  eff ic ient ly  
t r a n s p o r t e d  t h e  app l ied  P in to  t he  buds .  

A m o n g  t h e  va r ious  f rac t ions  of P, t h e  nucleic  acid h a d  
more  a c t i v i t y  to  a n  e x t e n t  of 68 to 79% of t o t a l  a c t i v i t y  
w i t h  a p r e d o m i n a n t  a m o u n t  in  D N A  f rac t ion  in AS and  
KS.  Th i s  consp icuous  increase  in t h e  nucle ic  acid f r ac t ion  
suppor t s  f ind ings  in v i t i s  9,10 Chenopodium album n a n d  
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