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Fig. 2. 3sS recovery over time from the total residual pellet from 
heads of 5 insects, each insect initially injected with 124,231 epm. 
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After  3 days, the  grea tes t  35S incorpora t ion  into soluble 
pro te in  was in the  band  (Figure 3, solid black squares) 
which shows the  e lec t rophore t ic  character is t ics  of the  
membrane-assoc ia t ed  chemorecep to r  p ro te in  in the  T~ 
ex t r ac t  (Figure 1, solid black square).  

Al though ass incorpora t ion  into these  p ro te in  f ract ions  
has been  demons t ra t ed ,  a f rac t ion of the  in t i t ia l  rap id  
label up take  (1 to 24 h) m a y  have  been due to  a fo rmat ion  
of mixed  disulfides. Reduc t ion  wi th  excess thiol,  co lumn 
f rac t iona t ion  and electrophoresis  of these  853 incorpora ted  
ex t rac t s  ~ d e m o n s t r a t e d  t h a t  the  label recovered in the  
T~ ex t r ac t  a f ter  3 days  of in v ivo incuba t ion  was essen- 
t ia l ly  all incorpora ted  into the  po lypep t ide  chain of the  
receptor  protein .  

ROZENTAL and NORRIS 10,11 have  shown t h a t  messenger  
quinones  cause charac ter i s t ic  conformat iona l  changes  in 
the  T~ receptor  protein ,  bu t  no t  in S 1 proteins .  The T 1 
receptor  pro te in  is an in tegra l  c o m p o n e n t  of the  nerve  
m e m b r a n e  7, 9 and  i ts  subuni t s  become charac ter i s t ica l ly  
aggregated or unfolded in response  to  specific messen-  
gers ~0,11. Though  character is t ic  aggregat ion  or unfolding 
in response to messengers  has no t  been found  wi th  S~ 
prote ins  10, n, the  S~ prote ins  will b ind  messenger  quinones 
under  physiological  condi t ions  ~2. Our t en t a t i ve  inter-  
p re t a t i on  is t h a t  t he  asS labeled S t p ro te ins  which are 
appa ren t  precursors  (subunits) of the  membrane-assoc i -  
a ted  receptor  conta in  thiol  groups and  b ind  messenger,  bu t  
t h a t  these saline-soluble pro te ins  lack the  abil i t ies of the  
m e m b r a n e - b o u n d  T~ receptor  to p red ic t ab ly  change  
conformat ion  in response  to  each messenger,  as occurs in 
the  energy- t ransfe r r ing  mechan i sm in the  sensory  nerve  
m e m b r a n e  dur ing chemorecept ion .  

Resumen. (3sS) cis t ina in jec tada  en la cavidad  sangulnea 
abdomina l  fue incorporada  en una  p ro te ina  quemorecep-  
tora  aislada de te j ido nervioso.  La  incorporacidn empez6 
duran te  la p r imera  hora,  llegd a una  m&ximo a l a s  24 h, se 
m a n t u v o  a este nivel  por  9 dfas y a los 23 dfas habfa  
declinado. 
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642 Russell Laboratories, University o/ Wisconsin, 
Madison (Wisconsin 53706, USA) ,  78 June  7974. 

Fig. 3. Same as Figure 1 except involves the total saline-soluble 
fraction, and eleetrophoreted protein bands. 
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S w e l l i n g  of B r a i n  S l i c e s :  N o n - O s m o t i c  R e v e r s i o n  C a u s e d  b y  M e t a b o l i c  I n t e r m e d i a t e s  

During  in vi t ro  incuba t ion  m a m m a l i a n  bra in  slices 
take  up water  1. The swelling increases in hypo ton ic  
solutions,  in anoxia  2, a f ter  add i t ion  of inhibi tors  or 
uncouplers  of t he  glucose me tabo l i sm 3, and  f inal ly in the  
presence  of g lu t ama te  if t he  med ium conta ins  po tas s ium 4. 
A comple te  p reven t ion  of the  swelling is no t  possible;  
bu t  the  wa te r  up take  is reduced,  if t he  p repa ra t ion  of 
the  slices is made  under  mild condi t ions  s, if efficient 
oxygena t ion  is p rov ided  for 2, if chloride in the  med i u m 
is subs t i t u t ed  by  isethionate% or if hype r ton ic  solut ions 
are usedT, s. OKAMOTO and QUASTEL 9 observed  a lmost  

1 R. KATZ-~AN and H. M. PAPPIUS, Brain Electrolytes and Fluid 
Metabolism (Williams and Wilkius Co., Baltimore 1973). 

2 CT. FRANCK, M. CORNETTE a n d  E. SCHOFFENIELS, J .  N e u r o c h e m .  

t5, 843 (1968). 
P. JOANNY and H. H. HILLMAN, J. Neurochem. 10, 655 (1963). 

4 H. LUND-AND~RSEN and L. H~RTZ, ExpI. Brain Res. 1/, 199 (1970). 
5 H. M. PAPPIUS, Progr. Brain Res. 15, 135 (1965). 
0 R. S. BOURKE, Expl. Brain Res. 8, 232 (1969). 
7 H. M. PAPPIUS and K. A. C. ELLIOTT, Can. J. Bioehem. Physiol. 

3d, 1007 (1956). 
s S. R. COHEN and A. LAJTHA, Brain Res. 23, 77 (1970). 
9 K. OK~MOTO and J. H. QUASTEL, Bioehem. J. 120, 25 (1970). 
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Table I. Composition of mixture Q 

Substance Concentration (mM) 

Succinic acid 0.5 
Cytidine- 5'- diphospho-choline 10 
Fructose-l.6-diphosphate 15 
Glycerate-3-phosphate 15 
Lactose i0 

Uridine-5'- diphospho-gIucose 5 

CDP-choline was used as the Na salt, UDP-glucose as the Na 2 salt, 
fructose diphosphate and glycerate phosphate as Na 3 compounds. 
For a neutralization of succinic acid and fructose diphosphate 
between 0.3 and 0.6 moles of Na2CO a were added per 1 mole of fructose 
diphosphate, the acid content of the latter varying somewhat in the 
different lots of fabrication. 

l inear re la t ionships  be tween  increase of intracel lular  A T P  
concen t ra t ions  and decrease of the  wa te r  con ten t  of ra t  
bra in  slices. This  paper  gives a shor t  repor t  abou t  m y  
search for subs tances  which d imin ish  the  wa te r  con ten t  of 
bra in  slices even when  the  osmotic  pressure  of the  solu- 
t ions  is no t  enhanced.  

Method. After  killing rabb i t s  by  air embolism,  the i r  
brains  were r emoved  and p u t  into cold solut ion ( 'K-solu- 
t ion')  of t he  compos i t ion  (mM) : NaC1 106, I~C1 4.7, CaC12 
2.5, MgSO4 0.8, Na~HPO 4 1.2, Kt-I2PO 4 0.3, NaHCO 3 25, 
glucose 5. Cortex slices, abou t  0.5 •  m m  in area and 
not  more  t h a n  0.3 m m  thick,  were cut  w i th  a scalpel in 
the  cold. Oz up take  and  CO2 p roduc t ion  were measured  
by  WARBUaG'S two-vessel  manome t r i c  me thod  1~ under  
N 2 w i t h 5 %  CO 2 a n d 8 %  or 40% 02 . 8% O 2 a n d 4 0 %  O 2 
were  chosen because these  values were miss ing f rom 
earlier expe r imen t s  lL They  represen t  hypoxic  and 
normal  incuba t ion  condit ions.  The single vessels con- 
t a ined  be tween  50 and  100 mg of t issue fresh weight .  
Af ter  incubat ion  of 3 h, the  slices were separa ted  f rom the  
solutions by  cen t r i fuga t ion  for 10 rain a t  3000•  
Adheren t  l iquid was dra ined off, the  wet  weigh t  of t he  
slices and  the i r  weight  af ter  dry ing  for 16 h a t  105~ 
were de te rmined .  The re la t ive wa te r  con ten t  of ano the r  
piece of bra in  cor tex  was de t e rmined  in the  same way  
wi thou t  slicing and incubat ing .  The p roduc t ion  of lac ta te  
and p y r u v a t e  and  the  consumpt ion  of glucose were 
measured  in the  K-solu t ion  by  enzymat i c  me tho d s  12. 

The compounds  were dissolved in K-solu t ion;  in the  be- 
ginning, these  solut ions were in the  s idearms of the  
vessels; af ter  measur ing  the  me tabo l i sm for I h, the  
solutions of subs tances  were added  to the  main  compar t -  
m e n t s  of the  vessels, and  the  exper imen t s  were con t inued  
for a fu r ther  2 h. 

Results  and discussion. The controls  had  a swelling of 
60-90% of t he  init ial  fresh weight ,  depending  on the  
mode of incubat ion,  e.g. the  supply  of 02. The swelling 
was reduced by  abou t  10% in the  presence of (mM):  
P h o s p h a t e  5, CaCI~ 5, f r uc to se - l -phospha t e  10, fructose- 
6 -phosphate  10, f ruc tose - l . 6 -d iphospha te  5, glucose- i -  
phospha t e  5, g lucose-6-phosphate  10, glycerate-3-phos-  
p h a t e  5, lactose 10, sucrose 10, glycerol 50, A T P  2, CDP 
4, cy t id ine -5 ' -d iphospho-e thano lamine  4, cyt idine-5 ' -  
d iphospho-chol ine  4, U D P  2, ur id ine-5 ' -d iphospho-  
glucose 5. The decreases of t he  wa te r  con ten t  were 
significant.  

0.5 m M  succinate  had  a small  effect, smaller  con- 
cen t ra t ions  were ineffective,  h igher  concen t ra t ions  
increased the  wa te r  con ten t  by  inhibi t ion of the  glycolysis 
analogous to  iodoacetic  acid and  glyceraldehyde.  The 
swelling is also enhanced  by  the  uncoupler  2,4-dinitro- 
phenol  and  by  e thacrynic  acid 18, escin, i ndomethac in  
and buformin  14. 

Af ter  examin ing  the  effects of increasing the  concen- 
t ra t ions  of subst ra tes ,  s ingly or in combina t ion ,  on 
metabol ic  changes  or on wa te r  extrusion,  I p repa red  a 
mix tu re  of 6 subs tances  called 'm ix tu re  Q' (Table I). At  
the  p resen t  s ta te  of m y  exper ience th is  is a useful combina-  
t ion  of some of the  a fo rement ioned  substances .  The 
combina t ion  is more  efficient  t h a n  a mere  increase of the  
concen t ra t ion  of one subs tance  to  30-50 raM. Succinate  
is a cons t i tuen t  of mix tu re  Q, because  it has  hype radd i t i ve  
effects on resp i ra t ion  and glycolysis  if appl ied toge the r  
w i th  some of the  o ther  compounds .  Lac tose  can be 
replaced by  an equal  concen t ra t ion  of sucrose. Dur ing  
various exper iments ,  the  changes  of osmot ic  pressures  
caused by  add i t ion  of subs tances  or by  omission of pa r t  
of the  NaC1 were measured  by  freezing po in t  de te rmina-  

10 O. WARBURG, Hoppe-Seyler's Z. physiol. Chem. 348, 1677 (1967). 
11 j.  DITTMANN, H.-D. HERRMANN and F. LoEw, Aeta neurochir. 27, 

63 (1972). 
12 H. U. BERGMEYER, Methoden der enzymatischen Analyse (Verlag 

Chemie, Weinheim/Bergstr., 1970), vol. 2. 
lZ j .  DITTlVIANN, E. SEIFERT and H.-J. SEIFERT, Arzneimittel- 

Forsch. 23, 591 (1973). 
14 j.  DITTMANN, in preparation. 

Table II. Influence of mixture Q on the glucose metabolism of brain cortex slices 

Parameter Control + Mixture Q 

N 2with 8% O 2 and 5% CO s 
QO~(~I �9 mg -1 �9 h 1) 
QCO2(~zl �9 mg -1 . h-l) 
Glucose consumption (ixg �9 -1 �9 h -I) 

N 2 with 40% 02 and 5% CO~ 
QO~(~I �9 mg-1. h-i) 
QCO~ (ix1 �9 mg-1. h-l) 
Glucose consumption (~g �9 mg -1 �9 h -I) 

- -  4 . 5 ~ 0 . 1  - -  5 .0 i 0 .1  
7.3 • 0.3 10.6 ::L 0.3 

20.9 ~= 0.9 38.6 ~ 1.3 

- -  6.0~0.1 -- 8.7::[= 0.2 
8.0 • 0.1 12.1 ~ 0.2 

17.7 ::t: 0.9 31.3 ~ 1.4 

Mean values :~ S.E.; N = 8 for each series of experiments. Glucose and oxygen consumption and carbon dioxide production are based on 
the final dry weight. 
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t ions .  F r o m  these  d a t a  t h e  osmot ic  changes  a f t e r  addi -  
t i on  of m i x t u r e  Q were ca lcula ted ,  and  a n  e q u i v a l e n t  
a m o u n t  of NaC1 was s u b t r a c t e d  f rom t he  K-so lu t i on  in  
t he  e x p e r i m e n t s  of Tab le  I I  (see also Figure) .  I n  conse- 
quence,  t he  osmot ic  pressures  were t h e  same  i n  t h e  
cont ro l s  a n d  in t h e  presence  of m i x t u r e  Q ' a n d  only  43 m M  
NaC1 (Figure).  
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Reduction of the swelling of brain slices by mixture Q. Mean values • 
S.E.; N = 8 for both series of experiments. Series 1.: Control 
106.0 mM NaC1, 273.0 • 0.1 inOsm �9 1-1; + mixture Q 43.3 mM 
NaC1, 273.0 z[z 0.3 mOsm-i  -1. Series 2.: Control 106.0 mM NaC1, 
272.0 -4- 0.1 mOsm �9 l-X; + mixture Q 42.6 mM NaC1, 270.6 -4- 0.3 
mOsm �9 1-1. 

I n  t he  e x p e r i m e n t s  of Tab le  I I ,  t h e  glucose c o n s u m p -  
t ion,  r e sp i r a t ion  and  CO 2 p r o d u c t i o n  were s t imu la t ed .  
The  degree of s t i m u l a t i o n  of t h e  O,  u p t a k e  d e p e n d e d  on  
t h e  O 2 supply,  whereas  s t i m u l a t i o n s  of l a c t a t e  and  of 
p y r u v a t e  f o r m a t i o n  were a l m o s t  t he  same u n d e r  n o r m a l  
and  hypox ic  condi t ions .  

As a consequence  of t h e  s t i m u l a t i o n  of t h e  energy-  
y ie lding glucose me tabo l i sm,  t h e  swell ing of t h e  b r a i n  
slices was r educed  in b o t h  series of e x p e r i m e n t s  to  50% 
of t he  con t ro l  values.  I t  was  m a i n l y  t h e  in t r ace l lu l a r  
space wh ich  decreased,  since t h e  inu l in  spaces  r e m a i n e d  
c o n s t a n t  in t he  p resence  of m i x t u r e  Q. P r o b a b l y  t h e  
effects c o n t a i n  also a c e r t a i n  c o m p o n e n t  of ' ch lor ide  
effect '  ana logous  to  BOURKE'S f ind ings  w i t h  i se th iona te* ;  
b u t  j u s t  t he  e x p e r i m e n t s  w i t h  succ ina te  plus  f ruc tose  
d i p h o s p h a t e  a n d  g lycera te  p h o s p h a t e  are t he  r eason  to  
s t ress  the  me tabo l i c  a spec t  of t he  obse rved  effects. 

Zusammen/assung. Es wurde  gepriif t ,  ob die Wasser -  
a u f n a h m e  yon  K a n i n c h e n - H i r n s c h n i t t e n  d u r c h  Zugabe  
b e s t i m m t e r  S u b s t a n z e n  zur  I n k u b a t i o n s l 6 s u n g  auf  n ich t -  
o smot i s chem W e g  v e r r i n g e r t  werden  kann .  Be t  E in-  
w i rkung  e iner  Mischung  aus  Succinat ,  CDP-Chol in ,  
F r u k t o s e d i p h o s p h a t ,  Phosphog lyce ra t ,  Lac tose  oder  
Saccharose  sowie U D P - G l u k o s e  werden  resp i ra to r i sche r  
und  g lyko ly t i scher  A b b a u  yon  Glukose s t a r k  gesteigert ,  
u n d  die Schwel lung  der  S c h n i t t e  n i m m t  u m  50% ab. 

j .  DITTMANN15 

Neurochirurgische Universitiits-Klinik, 
D-665 Homburg (Saar, German Federal Republic BRD),  
17 August 1973. 
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Occurrence of Light-Dependent  Acetylcholine Concentrations in Higher Plants 

A l t h o u g h  i t  is well  e s t ab l i shed  t h a t  ace ty lcho t ine  (ACh)  
is wide ly  d i s t r i b u t e d  in t h e  a n i m a l  k ingdonl ,  on ly  s c a n t y  
i n f o r m a t i o n  is ava i l ab le  a b o u t  t h e  occurrence  and  func t i on  
of ACh in t h e  p l a n t  k ingdom.  Ace ty lcho l ine  ha s  been  
de t ec t ed  in a smal l  n u m b e r  of p l a n t s  b y  b ioas say  1. 
A l t h o u g h  m o s t  biological  t e s t  ob jec t s  e x h i b i t  e x t r e m e  
sens i t i v i ty  to  ACh, b ioas say  p rocedures  are suscept i le  to  
a r t i f ac t s  a r i s ing  f rom u n k n o w n  c o m p o n e n t s  of p l a n t  
t i ssue  ex t rac t s .  

I n  a r ecen t  s tudy ,  ACh has  been  ident i f ied  in moss 
cal lus b y  a specific gas c h r o m a t o g r a p h i c  m e t h o d  ~. I t  h a s  
been  found  t h a t  t he  ACh c o n t e n t  b o t h  in moss  cal lus 2 a n d  
in  seconda ry  roo ts  of m u n g  b e a n s  3 is r egu la ted  b y  p h y t o -  
c h r o m e - m e d i a t e d  processes.  

The  p r e sen t  p a p e r  descr ibes  t he  d e t e r m i n a t i o n  of ACh 
w i t h  t he  gas c h r o m a t o g r a p h i c  m e t h o d  in d i f fe ren t  p l a n t s  
wh ich  h a v e  become  s t a n d a r d  ob jec t s  for  t he  i n v e s t i g a t i o n  
of p h o t o m o r p h o g e n e t i c  responses.  

Materials and methods. The  local ly  o b t a i n e d  seeds were 
g rown in  ve rmicu l i t e  in  t h e  g reen  house.  T he  e t io lu ted  
seedl ings were g rown in  t he  same s u b s t r a t e  in  a t h e r m o -  
c o n s t a n t  room in t o t a l  darkness .  The  per iods  of c u l t i v a t i o n  
dif fered d e p e n d i n g  on  t he  p l a n t  species used  (8-20 days) .  
The  d a r k  grown p l a n t s  were used for s t u d y  8 days  a f t e r  
t he  ge rmina t ion .  The  p l a n t s  were deep f rozen a n d  s tored 

a t  --28~ 20 g f resh  we igh t  of p l a n t  t i ssues  were homog-  
enized w i t h  a ]3 i ih ler-homogenizer  for 1 ra in  w i t h  10,000 
r p m  a t  + 4 ~  The  e x t r a c t i n g  m e d i u m  (50 ml) was  80% 
e t h a n o l  w i t h  2% acet ic  acid (pH 3.9). The  s u b s e q u e n t  
e x t r a c t i o n  p rocedure  a n d  the  gas c h r o m a t o g r a p h i c  
e s t i m a t i o n  of ACh were pe r fo rmed  as p rev ious ly  descr ib-  
ed4, ~. Tile gas c h r o m a t o g r a p h i c  ana lys i s  of all p l a n t  
e x t r a c t s  y ie lded peaks  whose  r e t e n t i o n  t i m e s  were 
iden t ica l  w i t h  t h a t  of a u t h e n t i c  ACh. I n  o rder  to  e s t ab l i sh  
r igorous ly  t h a t  t he  peaks  f rom p l a n t  e x t r a c t s  were 
a t t r i b u t a b l e  to  ACh, t he  e x t r a c t s  f rom each  p l a n t  were 
f i rs t  s u b m i t t e d  to  h igh  vo l tage  p a p e r  e lectrophoresis ,  a n d  
t h e n  ana lyzed  b y  gas c h r o m a t o g r a p h y .  

Fo r  e lec t rophores i s  t he  s u p e r n a t a n t  of t i le  cen t r i fuged  
p l a n t  e x t r a c t s  was  c o n c e n t r a t e d  b y  e v a p o r a t i o n  to  3 m l ;  
1.2 ml  of each  e x t r a c t  was s u b m i t t e d  to e lec t rophores i s  
(a l iquots  of 200 [~1 for  each  separa t ion ,  p a p e r  'Sch le icher  
and  Schtil l  2043 Mgl', p y r i d i n  (0.3 M) formic  acid 

1 V. P. WHITTAKER, Handbuch der experimentdlen Pharmakologie 
(Springer, Berlin, Heidelberg, New York 1963), vol. 15, p. 1-39. 

2 E. HARTMANN and H. KILBINGER, Biochem. J. 137, 249 (1974). 
3 M. J. JAFVE, P1. Physiol. if6, 768 (1970). 
4 H. KILBINGER, J. Neurocheln. 21,421 (1973). 


