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E f f e c t s  o f  P o t a s s i u m  I o n s  o n  B r a i n  R e s p i r a t i o n  
a n d  A m i n o a c i d  I n c o r p o r a t i o n  

i n t o  B r a i n  P r o t e i n s  in vitro 

The  s t i m u l a t i n g  effects  of  p o t a s s i u m  ions o n  b r a i n  res-  
p i r a t i o n  were s h o w n  m a n y  yea r s  ago b y  ASI~FORI) and  
DIXON ~ a n d  DICKm~S a n d  GREWLLE*. Th i s  s t i m u l a t i o n ,  
wh ich  seems g r ea t l y  to  r e semble  t h a t  b r o u g h t  a b o u t  b y  
osci l la t ing electr ic  pulses,  is h igh ly  sens i t ive  to  d rugs  t h a t  
h a v e  no  d e m o n s t r a b l e  effect  on  t he  u n s t i m u l a t e d  re sp i ra -  
t ion  in t h e  p resence  of glucose ~. 

In  t he  course  of r esea rches  on  t h e  m e t a b o l i s m  of b r a i n  
co r t ex  slices f rom h y p o x i c  ra t s ,  p r e l i m i n a r y  e x p e r i m e n t s  
h a v e  b e e n  car r ied  out ,  in  a n  a t t e m p t  to  ga in  a b e t t e r  u n d e r -  
s t a n d i n g  of t h e  r e l a t i o n s h i p  be tween  s t i m u l a t i o n  of  b r a i n  
r e sp i r a t i on  b y  p o t a s s i u m  ions  a n d  i n c o r p o r a t i o n  of 1AaC- 
g lyc ine  i n to  t h e  p r o t e i n s  of b r a i n  c o r t e x  slices i n c u b a t e d  
in vitro. 

All t he  e x p e r i m e n t s  h a v e  been  ca r r i ed  o u t  o n  b r a i n  
co r t ex  slices f rom a lb ino  r a t s  of e i t he r  sex, we igh ing  a b o u t  
200 g, The  slices were  i n c u b a t e d  in a c o n v e n t i o n a l  W a r -  
b u r g  a p p a r a t u s ,  a t  37°C, t he  gas  p h a s e  b e i n g  a i r  in  some  
e x p e r i m e n t s  a n d  o x y g e n  in o thers .  D i f fe ren t  p h o s p h a t e  
salines,  h a v i n g  r e spec t ive ly  t he  fol lowing compos i t ions ,  
were used :  (A) 1.28 × 10 -1 21i NaC1; 1,35 × 10 -2 M KC1; 
1 . 9 4 × 1 0 - a M  CaC1,; 6 . 8 × 1 0 - 4 M  MgSOa;  l × 1 0 - 2 M  
s o d i u m  p h o s p h a t e  buffer ,  p H  7-2; 2 ×  1 0 - 2 M  glucose. 
(B) 2.0 × 10 -* M NaC1; 1-2 × 10 -1 M KC1; t h e  o t h e r  com-  
p o n e n t s  as  in  (A). (C) 1 -28×  10 -~ M NaC1; 1 .2×  10 -x M 
KC1; t h e  o t h e r  c o m p o n e n t s  as  in  (A). P h o s p h a t e  sa l ines  A 
and  B h a d  a f ina l  c o n c e n t r a t i o n  of 0.319 osM/1;  phos -  
p h a t e  sa l ine  C h a d  a f ina l  c o n c e n t r a t i o n  of 0.531 osM/1. 

The  i n c o r p o r a t i o n  of 1-1*C-glycine in to  t he  p ro t e in s  of 
b r a i n  co r t ex  slices was  s tud ied  as descr ibed  in p rev ious  
p a p e r s  *'~, us ing  p h o s p h a t e  sa l ines  A a n d  B as  i n c u b a t i o n  
m e d i u m s .  

F r o m  the  d a t a  g iven  in  Tab le  I, i t  c a n  be seen  t h a t  t he  
s t i m u l a t i o n  of b r a i n  r e sp i r a t i on  i nduced  b y  p o t a s s i u m  
ions in  t h e  p resence  of glucose t a k e s  p lace  on ly  if t h e  
slices a re  i n c u b a t e d  in o x y g e n  ( P  < 0.01), a n d  n o t  if t h e y  
are i n c u b a t e d  in a i r  ( P  > 0-05). W h e n  t h e  slices a re  in-  
c u b a t e d  in  oxygen ,  t h e  r e s p i r a t i o n  is s ign i f i can t ly  in-  
c reased  if t h e  slices are  i n c u b a t e d  in  t h e  p resence  of la rge  
q u a n t i t i e s  of p o t a s s i u m ,  e v e n  if la rge  a m o u n t s  of sod ium 
are  p r e s e n t  in t he  m e d i u m ,  w h i c h  is t he r e fo re  h y p e r t o n i c  
( P  < 0'01).  I f  large  q u a n t i t i e s  of p o t a s s i u m  are  p r e s e n t  
in  t he  m e d i u m ,  i t  is n o t  poss ible  to  see a n y  dif ference  due  
to  a d i f f e ren t  s o d i u m  c o n c e n t r a t i o n  in t h e  p h o s p h a t e  
sal ine ( P  > 0.05). 

T h e  resu l t s  of t h e  e x p e r i m e n t s  on  t he  i n c o r p o r a t i o n  of 
1-t4e-glycine in to  b r a i n  p ro t e in s  are  g iven  in T a b l e  I I .  I t  
can  be seen  t h a t  t h e  i n c u b a t i o n  of b r a i n  co r t ex  slices in  a 
po t a s s ium- r i ch  p h o s p h a t e  sal ine,  i. e. in  a m e d i u m  wh ich  
induces  an increase  in  t h e  r e sp i r a t i on  of t h e  slices, does  
n o t  induce  a s imi la r  inc rease  in  a m i n o  ac id  i nco rpo ra t i on .  
On  t he  c o n t r a r y ,  t h i s  is m a r k e d l y  i nh ib i t ed .  

Our  o b s e r v a t i o n s  a re  in  k e e p i n g  w i t h  t h e  resu l t s  ob -  
t a i n e d  b y  severa l  worker s  a-s w i t h  d i f f e ren t  b iological  ma -  
terials ,  w h i c h  h o w e v e r  are  n o t  r e spons ive  to  t h e  resp i ra -  
t o ry  s t i m u l a t i o n  b y  p o t a s s i u m  ions. I t  h a d  been  r e p o r t e d  
b y  ROSSlTER 9 t h a t  a n  inc reased  c o n c e n t r a t i o n  of po tas -  
s i um ions p rovokes  a n  increase  of o x y g e n  u p t a k e  b y  c a t  
b r a i n  sect ions,  a n d  a d i m i n u t i o n  of t he  i n c o r p o r a t i o n  of 
32p i n to  organic  p h o s p h o r u s  c o m p o n e n t s ,  as r e p r e s e n t e d  
b y  l ipid phosphorus ,  r ibonuc le ic  acid,  a n d  p h o s p h o -  
p ro te in .  I t  m u s t  t he re fo re  be  k e p t  in  m i n d  t h a t  t he  s t i m u -  
l a t i o n  of t h e  r e sp i r a t i on  of b r a i n  c o r t e x  slices i n d u c e d  b y  
p o t a s s i u m  ions c a n  be  uncoup led  f rom e n e r g y - r e q u i r i n g  
reac t ions ,  such  as  p h o s p h o r y l a t i o n  in t h e  e x p e r i m e n t s  of 

ROSSlTER, or  g lycine  i n c o r p o r a t i o n  i n t o  p ro te ins ,  as  de- 
m o n s t r a t e d  in  t h e  p r e s e n t  paper .  

Tab. I. Oxygen consumption by rat brain cortex slices, suspended 
in different phosphate salines in the presence of ~ X t0 -~ M glucose. 

Results expressed as Qo2- Means of 6 experiments =[: s. e. m. 

Phosphate  saline A B C 

I - / . a i r  
; Gas phase-..oxygen 

8-2 4- 0.31 8.1 ± 0"47 
13-8 ± 0.60 16"4 ± 0.32 

8.3 ± 0.38 
16.8 ± 0.36 

Tab. 11. Incorporation of 1-14C-glycine into the proteins of rat 
brain cortex slices, incubated in two different phosphate salines, for 
1 h, in the presence of 2 × 10= 2 M glucose. Gas phase, oxygen. Means 

of 6 experiments 4- s. e. m. 

Phosphate  saline 

c. p. m. /mg protein 

A B 

65"4 ± 2.5 20"8 -4- 2-1 
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Riassunto 

]~ s t a t a  s t u d i a t a  l ' az ione  degli  ioni po tass io  sul la  resp i ra -  
z ione di  sezioni  di cor tecc ia  ce rebra le  di  r a t t o  e su l l ' in -  
co rpo raz ione  di g l i c ina - l -C  14 nelle p r o t e i n e  d i  ta l i  sezioni.  

I1 potass io ,  t h e  s t i mo l a  la r esp i raz ione  delle sezioni  se 
ques t e  sono  i n c u b a t e  in  oss igeno in p r e senza  di glucosio, 
in ib i sce  invece  l ' i neo rpo raz ione  di  g l i c ina - l -C  x4 nelle pro-  
t e ine  delle sezioni  s tesse.  

1 C. A. ASHFORD and K. C. DixoN, Biochem. J. g9, 157 (t935). 
2 F. DICKENS and G. D. GREVILLE, Biochem. J. 29, 1468 (1935). 
$ J. H. QUASTEL, Prec. 3 *a Int. Congr. Biochem., Brussels (1956), 

p. 496. 
4 A. BERNELLI-ZAZZERA and G. GUIDOTTI, Exp. Cell Res. 14;614 

(195s). 
5 A. BERNELLI-ZAZZERA, l~I. BASSI, and E. CASSl, Exp. Cell Res. 

18, 554 (1959), 
E. FA~BER, S. KiT, and D. M. GR~ENBERC, Cancer Res. 11, 490 

(195U. 
V. G. ALLFREY and A. E. MIRSKY, Nature 176, 1042 (1955). 

s H. BORSOOK, E. H. FISCHER, and G. KEIGltLEY, J. biol. Chem. 
2Z9, 1059 (t957). 

R. ROSStTER, Metabolism o/the Nervous System (ED. O. RICHTER, 
Pergamon Press, London 1957), p. 355. 

P R O  E X P E R I M E N T I S  

A N e w  T e c h n i q u e  
f o r  t h e  F l u o r e s c e n t  L a b e l l i n g  o f  P r o t e i n s  

CooNs '1 t e c h n i q u e  of l abe l l ing  a n t i b o d y  w i t h  f luores-  
ceine h a s  p r o v e d  to  be  a useful  r e sea rch  too l  in  i m m u n e -  
c h e m i s t r y ,  v i ro logy,  a n d  b ac t e r i o l o g y  a n d  h a s  b e c o m e  a 

1 A. H. COONS, H. J. CREECtt, and R. N. JonEs, Prec. See. exp. 
BioL Med. 47, N. Y. 200 (194l). 
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valuable laboratoryaid in the rapid identification of patho- 
genic and non-pathogenic microorganisms ~. Major ob- 
stacles to a more widespread use of this procedure have 
been the laborious preparation of the labelling dye and its 
instability, the problem of protein denaturat ion due to 
organic solvents used in the labelling reaction and insuf- 
ficient labelling of the protein. These difficulties have 
largely been overcome by the use of more stable fluores- 
cent labelling agents such as fluoresceinisothiocyanate 3, 
the modified method of conjugation with the aid of filter 
paper 4 or the use of the solid labelling agents without  or- 
ganic solvents 5. However, none of these techniques is en- 
tirely free of disadvantages. Thus, some fluorescent dyes 
are not  readily prepared in solid form; others may be too 
insoluble in organic solvents for convenient  preparation 
of filterpaper strips containing the desirable concentration 
of dye or they may be too reactive to remain stable on 
cellulosic materials for prolonged periods of time. 

We believe to have found an al ternat ive method which 
affords great  convenience in preparing a var ie ty  of fluores- 
cent labelling materials and incorporates all the advan-  
tages of the above mentioned modifications of COONS' ori- 
ginal technique. The procedure used in our laboratories 
consists of adsorption of the labelling dye onto specially 
dried diatomaceous earth (Celite, hyflo super-eel, Johns- 
Manville Co.) or the like and is reported below in detail. 
Such 'fluorescent Celite powders'  are more conveniently 
prepared and stored in quant i ty  than impregnated filter 
paper and are easier to dispense than the lat ter  or the 
minute quantit ies of solid dye required for fluorescent 
labelling. Their tremendously large reactive surface per- 
mits drastic reduction of the reaction t ime;  30 rain or less 
have been found adequate for satisfactory labelling of 
protein solutions compared with 12 to 24 h used in the 
older techniques. 

Materials and Methods. The following three fluorescent 
dyes were investigated: (1) 5-dimethylaminonaphthalene- 
sulfonylchloride *, (2) Lissamine Rhodamine B 200 (sulfo- 
nylchloride) s, and (3) fluoresceinisothiocyanate 6. The pre- 
parat ion of our labelling agents is illustrated in the follow- 
ing example. 2 g of Lissamine Rhodamine B200 (red 
fluorescence) were suspended in a solution of 4 g phos- 
phorus pentachloride in 40 ml ethyleneglycol dimethyl- 
ether (dried over calcium hydride) and heated under re- 
flux for 30 min. The solvent and phosphorus oxychloride 
were then removed in a rotary evaporator  under reduced 
pressure, the excess phosphorus pentachloride extracted 
three times with carbontetrachloride and the Rhodamine 
B 200-chloride dissolved in 150 ml dry chloroform. After 
filtration from insoluble material  the chloroform solution 
was added to 15 g of Celite (hyflo super-cel) which had 
been dried by heating at 300°C for 10 mill. The chloroform 
was then distilled under reduced pressure in a rotary evap- 
orator and traces of solvent removed from the residual 
powder with a high vacuum pump. Such preparations, 
when stored at  room temperature in a t ight ly closed con- 
tainer retained satisfactory labelling act ivi ty  for at  least 
one year (longest period tested). The amount  of active 
labelling dye on the Celite was assayed colorimetrically by 
extraction with  specially dried chloroform and alkaline 
hydrolysis of  the extract.  The readings obtained with the 
hydrolysate were compared with a standard curve pre- 
pared with Lissamine Rhodamine B 200 (sodium salt). 
Similar fluorescent labelling powderswere prepared in this 
way from 5-dimethylaminonapthtalenesulfonylchloride 
and fluoresceinisothiocyanate. 

For the labelling tests 10-40 mg of 'fluorescent Celite 
powder'  was added to 3 ml of rabbit  serum and 3 ml of 
0-05 M sodium carbonate-bicarbonate buffer (pH 9) in a 
centrifuge tube. The mixture was shaken mechanically 

for 30 min and centrifuged, The supernatant was dialysed 
for three days against running water  and subjected to 
paper-strip electrophoresis. Satisfactory labelling of the 
proteins was observed in each case. 
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Zusammen/assung 

Es wird eine neue Arbeitsweise zur Fluoreszenzmarkie- 
rung yon Proteinen beschrieben unter  Verwendung auf 
Celite adsorbierter Fluoreszenzfarbstoffe. Die neue Me- 
thode bietet  gegeniiber andern heute gebrAuchlichen Ver- 
fahren bedeutende Vorteile. 

2 For review of the pertinent literature see H. UEHLEKE, Z. Natur- 
forsch. 13b, 722 (1958). 
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s j .  D. MARSHALL, W. C. EVELAND, and C. W. SmTH, Proc. Soc. 

exp. Biol. Med., N. Y. 98, 898 (1958). 
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P R O  L A B O R A T O R I O  

Eine  e in fache  A p p a r a t u r  
z u r  s e r i e n w e i s e n  R e d o x t i t r a t i o n  

Fiir redoxpotentiometrische Titrat ionen yon s/iulen- 
chromatographisch aufgetrennten Stoffen (Polyphenole, 
AskorbinsAure, Redoxfarbstoffe) ist eine Schnellmethode 
vorteilhaft,  da racist mit  einer gr6sseren Anzahl yon Frak- 
tionen gerechnet werden muss. Die nachstehend beschrie- 
bene Apparatur  erlaubt in kurzer Zeit eine grosse Anzahl 
von Fraktionen zu titrieren. 

Im  linken Tubus befindet sich das Vergleichshalbele- 
merit (zum Beispiel Chinhydron) mit  einer Platinelek- 
trode. Es steht fiber eine KC1-Agar-Brficke (KA) und eine 
Glasfritte (F) mit  dem TitrationsgefAss in Verbindung, in 
das eine zweite Elektrode eintaucht.  Diese wurden nach 
dem yon BIRNSTIEL 1 angegebenen Verfahren hergestellt. 
Quecksilber (2) gew/ihrleistet die Verbindung zwischen 
dem Kupferdraht  (1) und dem ins Glasrohr eingeschmol- 
zenen Plat indraht  (3) vom Durchmesser 1 mm. Diese 
Elektroden miinden schrAg v o n d e r  Seite her ein, damit  
die obere Tubus6ffnung zum Einbringen der zu t i tr ierenden 
Frakt ion und der TiterlOsung frei bleibt. Zur GewAhr- 
leistung steter Mischung w/ihrend der Ti trat ion wird durch 
den Stutzen A st/indig reinster Stickstoff zugefiihrt. Nach 
erfolgter Ti trat ion kann die Zelle mittels Wasserstrahl- 
vakuum (V) ebenfalls fiber den Stutzen A geleert und ge- 
spiilt werden, wonach sic zur Aufnahme der nAchsten 
Frakt ion bereft ist. Auf die gleiche VCeise kann auch der 
linke Tubus gereinigt werden. Die Gr6sse des Titrations- 
gefAsses ist Ifir Frakt ionen yon 7-20 ml berechnet. 

* M. L. BmNSTIEL, Diss. ETH. Zfirich 1960. 


