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Phosphoproteins and ion Cransport o f  cerebral c o ¢ C e x  slices 

H E A L D  1 h a s  r e c e n t l y  d i s c u s s e d  t h e  p o s s i b i l i t y  t h a t  p h o s p h o p r o t e i n s  o f  c e r e b r a l  c o r t e x  
m a y  p l a y  a n  i m p o r t a n t  ro le  in  s o d i u m  t r a n s p o r t  of  t h a t  t i s s u e ,  b a s i n g  h i s  v i e w s  o n  
t h e  o b s e r v a t i o n  t h a t  a p p l i c a t i o n  of  e l e c t r i c a l  s t i m u l a t i o n  t o  t h e  s l ices  fo r  b r i e f  p e r i o d s  

r e s u l t e d  in  m a r k e d  s t i m u l a t i o n  of  azp  t u r n o v e r  in t h e  p h o s p h o p r o t e i n  f r a c t i o n  w i t h o u t  

a n y  s i g n i f i c a n t  c h a n g e  in  t h e  l eve l  of  t h i s  f r a c t i o n .  I n  t h e  p r e s e n t  c o m m u n i c a t i o n  
we  p r e s e n t  r e s u l t s  w h i c h  s u p p o r t  t h i s  v i e w .  

T h e  g e n e r a l  p r o c e d u r e  of  e l e c t r i c a l  s t i m u l a t i o n  w a s  e s s e n t i a l l y  t h a t  of  HEALD 
e x c e p t  t h a t  r a t - b r a i n - c o r t e x  s l ices  w e r e  u s e d  i n s t e a d  of  g u i n e a - p i g  c o r t e x ,  a n d  g l y c y l -  
g l y c i n e  s u b s t i t u t e d  fo r  T r i s  b u f f e r  in  t h e  m e d i u m  w h i c h  c o n s i s t e d  of  134 m M  NaC1,  

6 . 7 4  m M  K C I ,  1 .34  m M  M g S O  4, z .8  m M  CaCIz ,  5 ° m M  g l y c y l g l y c i n e  ( p H  7,4) a n d  
6 m M  g l u c o s e .  T h e  g a s  p h a s e  w a s  o x y g e n .  T h e  c o r t e x  s l ices  w e r e  a l l o w e d  t o  i n c u b a t e  
for  3o  m i n  a t  37 .5  ° in  t h i s  m e d i u m .  A t  t h e  e n d  o f  t h i s  i n c u b a t i o n ,  c a r r i e r - f r e e  azPl 
w a s  a d d e d  t o  t h e  f l a s k s  a n d  a c o n t a c t  of  e x a c t l y  9 ° sec  w a s  a l l o w e d .  T h e  s l ices  w e r e  
t h e n  r e m o v e d ,  r i n s e d  a n d  t r a n s f e r r e d  t o  f r e s h  i n c u b a t i o n  m e d i u m  fo r  6o  sec a f t e r  

w h i c h  p u l s e s  w e r e  a p p l i e d  fo r  15 sec  w h e n  t h e  e x p e r i m e n t  w a s  e n d e d .  
I n  T a b l e  I we  s h o w  t h e  e f f e c t s  o f  zo a n d  2 o / z M  o u a b a i n ,  a w e l l - k n o w n  i n h i b i t o r  

of  ior, t r a n s p o r t .  T h e  d r u g  w a s  i n t r o d u c e d  a f t e r  t h e  i n c u b a t i o n  w i t h  zzPt a n d  r i n s i n g ,  
a n d  w a s  t h u s  in  c o n t a c t  w i t h  t h e  s l ices  fo r  o n l y  60  sec  b e f o r e  a p p l i c a t i o n  o f  e l e c t r i c a l  
s t i m u l a t i o n .  T h e  s l ices  w e r e  p r e - l a b e l e d  w i t h  azp  b e f o r e  t h e y  w e r e  a l l o w e d  t o  c o m e  
i n t o  c o n t a c t  w i t h  t h e  d r u g .  I t  is c l e a r  f r o m  t h e  t a b l e  t h a t  o u a b a i n  p r e v e n t s  t h e  e f fec t  

of  e l e c t r i c a l  p u l s e s  o n  p h o s p h o p r o t e i n  r a d i o a c t i v i t y  a t  b o t h  IO a n d  2 o / ~ M .  O n  t h e  

o t h e r  h a n d  t h e  c o n t r o l  s h o w s  a v e r y  wel l  m a r k e d  i n c r e a s e .  
CUblMINS AND MCIL~VAIN 2 h a v e  d e m o n s t r a t e d  t h a t  i n c r e a s e d  f l u x  of  s o d i u m  a n d  

p o t a s s i u m  o n  t h e  p a s s a g e  of  e l e c t r i c a l  p u l s e s  t h r o u g h  b r r  !n c o r t e x  s l ices  is a p r i m a r y  

e f f e c t  a n d  n o t  s e c o n d a x v  t o  i n c r e a s e d  r e s p i r a t o r ,  a c t i v i t y  of  t h e  t i s s u e  u n d e r  t h e s e  
c o n d i t i o n s .  T h u s  g l u t a m a t e ,  w h e n  u s e d  a.~ '.;,o,b~tr~te, c~n  m a i n t a i n  ion ic  g r a d i e n t  in 

t h e  u n s t i m u l a t e d  t i s s u e  a n d  p e r m i t s  i n c r e a s e d  f lux  in t h e  s t i m u l a t e d  t i s s u e  a l t h o u g h  

TA BLE I 

E F F E C T  O F  O U A B A I N  O N  P H O S P H O P R O T E I N S  O F  F . L E C T R I C A L L Y  S T I M U L A T E D  C O R T E X  S L I C E S  

The phosphoprote in  specific acti ' , ' i ty is corrected to an ATP specific ac t iv i ty  of io z counts /min 
per  /mmole P in order  to correct for small  var ia t ions  in radioact ivi ty .  In Exp t .  t the figures are 
based on alkali-labile P and Expt .  z on phosphorylser ine derived from the proteins af ter  addit ion 
oi to t ,moles of carrier  phosphorylserine ~. The exper imenta l  condit ions have been described in 
the t ex t  and the  equipment  for applying pulses was essentially the same as described by X~TALLGRI-2N 

A N D  K L ' L O N E N  e. 
. . . . . . . . . . . . . . . . . . . . . . . . .  

Ouaba~n Counts [min/l~mole P I~u:rt'atse Inhibit ion 
Exp t .  Condi tums ( M) in phosphoprotein (counts/minDlmole P) by oua..ain ("in) 

t U ns t imula ted  - -  7 6 0 0  

Unst imu fated , o -~ 7zoo - -  5 .o 
S t imula ted  - -  2o zoo I z 600 - -  
S t imula ted  lo -5 t 3 ooo 5800 56.0 

z Uns t imula ted  - -  367 ° - -  
Uns t imula ted  z- I o- ~ 47 °0 - -  o 
Stim u lated - -  7500 3830 
St imula ted  _,. z o -s  40oo zoo 95.o 
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no change in respirat ion is observe.d on appl icat ion ,eft,dlacttmi--~dl i tnf l~_ ~ e  used this  
sys t em to s t u d y  the  response of the piaosphoprotein ,~ac/:tnom ram41 ~h~, eff0eet of ouabain  
on it. Glucose in the  m e d i u m  was replaced b y  20 m M  ~tlu~mmn~e,, a~lotfl~en emperimental  
condi t ions being as before. I t  was found t ha t  at~$~li6~ii~m ~0~[ eJk~i~a~ pulses still 
increased the  phosphopro te in  t u rnove r  and  again aflae ii~rn~m~, i~ taxrnover was 
abolished by  20/zM ouabain  used exac t ly  as described ,eaflliew im ~ t~e~t. 

TABLE il 
E F F E C T  O F  S U B S T I T U T I O N  O F  N a  + B Y  L i  4 O N  ; I a H O ~ F I ~ 0 F I R ~ 0 ~ I I ~ ] ~ 3  ~ 

Conditions as in the text. 

~llt~dittm St imulat iou Couttts/mittlpraole t '  /tstarttt,c l~tez~,sv 
i~t #hosphoprote~ (countstmitOpmdh' ILb (~'~h) 

Na + -- 8350 
Li + _ 8500 --. 

Na + --k t 2 35 ° 4000 4qq-.o 
Li- + 9000 5o0 6~o. 

Table I I  shows tile effect, of replacing N a  + by. 'Eft + ,era ttflhe.~lt~pr~tein tu rnover .  
The exper imen t  was per formed b y  equi l ibra t ing  t he  gticesi~n ttitre$~_ ~ @ e i n e - g l u c o s e  
m e d i u m  (described above) for 45 min  at  37.5 o. a2~l ~w, as tlthma ik~etlnmed~ for 9 ° sec 
as before, af ter  which slices were r insed briefly amd ~ m ~ m r a d l  ~ i r  to. the  usual  
m e d i u m  or to the  m e d i u m  in which Na+ h a d  been  ~ l t~m~l t  I ~  ~ (0~ ~ equ imolar  
basis) for a fur ther  period of 60 sec. As before, stimfllmii0m wa~ a~pliied~ for I5 sec 
and the expe r imen t  ended.  I t  is pla in  t h a t  substi~=t~em ~ ILif + g~ir ~,a~ ii~ the  m e d i u m  
abolishez the response of phosphopro te ins  to  elect~ca[l ~ m .  

The following conclusions emerge f rom these ,e~/po~h~a~.  ~ ,  the  increase 
in phosphopro te in  t u r n o v e r  specifically depends  on ~ h e t l ~ r ~ m ~ o g ~  ma the  med ium,  
as shown b y  the  Li+ exper iment .  The effect of Li+ ls ~m~,~q~v t ~  the, dime • t o  secondary  
factors ( e . g . ,  inhibi t ion of O z up take)  since t he  ~liees ~ t lm~-l~el t~  wi th  t racer  
and the  con tac t  wi th  Li + was very  brief. Secondly,  ttthe ~ ~ti~n, g l u t a m a t e  
is subs t i t u t ed  for glucose indicates  t h a t  phosphoI~c~e~a ~ 1 t ~  • ~ ell~.twical s t imu-  
lat ion is independen t  of respirat ion.  Thirdly ,  t h e  ,efl~e~ ~0ff ~ ~  a~ low concen- 
t ra t ions  on phosphopro te in  t u rnove r  suppor ts  t h e  ~i~w ~th~ p ~ ~ t ~ r o t e i n  t u rnove r  
and sod ium t r anspor t  are related.  In  our experim__~__~ ~ ~ ~ i~  con tac t  wi th  
the  tissue very  briefly. This is i m p o r t a n t  since , ~ V ~ - ~ - ~  I h ~  ~it~x~n~ f l ia t  ouaba in  
( io gM) inhibi ts  respira t ion of b ra in -cor tex  slices, ~hu~t ~ ¢~m~g ~ ii~ con tac t  wi th  
the  slices for a long t ime.  On the  o ther  hand ,  - S c ~ m m ~  [ha~ ~ ~ t  if the  slices 
are p re incuba ted  for 30 min  the  addi t ion of ouabai~ ~emmes ~m iron,use" o$ respirat ion 
r a the r  t h a n  an inhibi t ion.  I t  is i m p o r t a n t  to  n o t e  ~d]am ~ ~ ii~ ar~ e f f ~ t i v e  when 
g l u t a m a t e  is tt~ed as subs t ra te  ins tead  of glucose. I~ ii~, ~ , ,  to~ l~e concluded 
t h a t  the  inhibi t ion of electr ical ly s t imu la t ed  i p b _ ~ q t ~ ¢ a ~ e n  ~ m m ~ m r  b y  ouaba in  is 
a consequence of the  effect of th is  d rug  on sodimm ~ t p m ~ .  

Recen t ly  it has  been c la imed t h a t  ouabain  ~ a s  mo ~ ~m ltfl~sphoproteins of 
cerebral  cor tex slices ~. However ,  the  exper iments  ~ r ~ e  ~ d f l t m ~ ~ m  (~o, rain incu- 
bation) and  there  was no a t t e m p t  to correlate~ : ~ e ~ e a ~ s ~ i ~ h  ~ ~ o t i m n ~ t r a ~ s p o r t .  
Our  exper iments  emphas ize  the  fact  t h a t  a prQtmr <thdi~ off ~ ~ r ~  i s  essential  
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to d e m o n s t r a t e  an act ion <~f ouaba in  on phosphopro te in  metabol i sm.  Since it has 
been found 2,* t ha t  phosphoryla t i , ,n  and  dephosphory la t ion  of these molecules appear  
to  be dependen t  upon  Na  + or K +. respectively-, and  since bo th  are blocked bv  ouabain .  
it is obvious t h a t  u n d e r  cextain condi t ions  no effect of ouaba in  would be observed.  
This might  be due to the  complex  in te rac t ions  of phosphopro te in ,  Na  +. K + and  drug.  

It is to be no ted  t ha t  the  results  ~f ",Le present  work  have  been ob ta ined  both  
by the  assay of alkali-labile P as a measure  of the  phosphopro te in  P and  also by 
ch roma tog raph ic  sepa ra t ion  of rad ioac t ive  ph~spb, orylserine from the  prote in  residues 
of the  tissue. Our  previous  conclusions t h a t  phosphopro te ins  are concerned with 
sodium t r anspor t  "~-* are thus  fu r ther  s t r eng thened .  
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e~- !2o5 
The  effect of urea and guanidine 

on the helix content of poly-NS-(3-hydroxypropyl ) -c-g lutamine 
in aqueous-solvent systems 

The  r e m a r k a b l e  ~,hanges in op t i ca l - ro ta to ry  proper t ies  of pro te ins  dur ing  dena tu -  
ra t ion,  b r o u g h t  abou t  by  agents  such as acid, alkali ,  urea  and  guanid ine ,  have  been 
i n t e rp re t ed  in t e r m s  of decrease in helical con ten t  of the  pro te in  z. I t  was, therefore.  
of in teres t  to  inves t iga te  w h e t h e r  the  above  d e n a t u r i n g  agen ts  are capable  of influ- 
enc ing  syn the t i c  po lypept ides  in a s imilar  way. Only  few d a t a  on the  effect of urea  
on op t i ca l - ro ta to ry  proper t ies  of po lyamino  acids have  been publ i shed  ~-a. DoTY A~'D 
GRATZER 4 h a v e  repor ted  recent ly  t h a t  the  hel ici ty of a poly-L-alanine segmen t  in 
a b lock copo lymer  in which the  cen t ra l  block consis ted  of L-alanine residues and  the  
t w o  f lanking blocks of oL-glu tamic  acid residues, d ropped  f rom 9z % in wa te r  to  
7 ° % in 8 M urea.  KULKARNI AND BLOUT z have  shown t h a t  a copo lymer  of L-alanine 
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