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D i s t r i b u t i o n  of H3-Glyc ine  and H ~ - L - G l u t a m a t e  in S y n a p t o s o m a l  S u b p o p u l a t i o n s  after in v i tro  
U p t a k e  into  Cat D o r s a l  and Ventra l  Spinal  Cord S l i ces  

In  m a m m a l i a n  spinal  cord, glycine and  g lu t ama te  have  
been considered as po ten t i a l  i nh ib i to ry  and exc i t a to ry  
neu ro t r ansmi t t e r s ,  respectively1,2.  Apa r t  f r o m  the  
electrophysiological  evidence,  specific h igh  af f in i ty  
t r a n s p o r t  mechan i sms  have  been  found for b o t h  amino  
acids, w i th  Km-va lues  of t he  order  of 10 -5 MS-% The 
d is t inc t  regional  d i s t r ibu t ion  of endogenous  glycine and 
g lu t ama te  in grey and  whi te  ma t t e r ,  and  in dorsal  and 
ven t ra l  regions, has  also suggested a specific func t ion  for 
these  amino  acids in t h e  spinal  cord 7-% Af te r  f rac t iona t ion  
on a l inear  sucrose g rad ien t  of spinal  cord slices i ncuba ted  
wi th  labelled glycine and g lu tamate ,  BALCAR and  
JOHWSTON 6 found an accumula t ion  of b o t h  amino acids in 
the  region of the  synap tosomes  (around 1.0 M sucrose). 
IVERSEN and BLOOM 10 have  suggested t h a t  in spinal  cord 

d i f f e r e n t  t r a n s m i t t e r s  are accumula ted  by  separa te  
popu la t ions  ~of synap tosomes .  We  descr ibe here t he  
t r ac t%na t ion  of synap tosomes  f rom the  dorsal  and  ven t ra l  
halves  of ca t  spinal  cord on a d i scont inuous  sucrose 
gradient ,  a f ter  up take  of Hd-glycine and  H3-n-glu tamate  
in vitro,  d i s t inc t ive  d i s t r ibu t ion  p a t t e r n s  for these  two  

Table I. Tissue/medium ratios for Ha-glycine and H~-z-glutamate in 
dorsal and ventral halves of eat spinal cord after 10 rain uptake into 
tissue slices at 25 ~ 

Dorsal Ventral DorsaI/ventral ratio 

H3-L-glutamate 0.489 0.351 1.39 

Hd-glycine 1.753 1.113 1.57 

Glycine/glutamate ratio 3.58 3.17 

Calculated as cpm per g fresh tissue]cpm per ml incubation medium. 
Averages of 4 experiments each. 

0.3 
0.6 
0,8 

~i o.a 

J.O 

L1 

1,2 

1.3 

1,4 

Fig. 1. Photograph of 10-step sucrose density gradient after comple- 
tion of 90 min/60,000 g centrifugation. 0.5 ml nuclei-free homogenate 
of cat spinal cord wax applied (see ~ethods). Bands between 0.6-0.9 
M sucrose contain myelin and membrane fragments. 4 bands 
between 1.0-1.3 M sucrose contain mostly synaptosomes. 2 bands i~t 
1.4 and 1.7 M sucrose contain mostly mitochondria. 

po ten t i a l  t r a n s m i t t e r s  be ing obta ined .  A p re l iminary  
repor t  has  appeared  in th is  journal  n.  

Mater ials  and methods. Adul t  ca ts  weighing 1.5-2.1 kg 
were anaes the t i zed  wi th  40 mg N e m b u t a l / k g  i.p. and  
killed by  aort ic  t ranssec t ion .  The spinal  cord was t a k e n  
f rom lumbar  segments  6 and  7, and  careful ly dissected 
in to  dorsal  and  ven t ra l  halves.  120 mg slices (1.0 • 0.5 mm) 
were incuba ted  for 10 min at  25~ in 2.0 ml  Krebs-  
Hense le i t  buffer,  p H  7.4, w i th  5 • 10-~ M Ha-glycine or 
Ha-z-g lu tamate  (Radiochemica l  Centre,  Amersham) .  
Af ter  wash ing  wi th  5 ml  0.3 M sucrose, the  slices were 
homogenized  (1:10, w/v) in th is  medium,  the  nuclei  were 
s ed imen ted  at  184 g/10 rain, and 0.5 ml  of t he  super-  
n a t a n t  was layered on top  of a 10-step d iscont inuous  
sucrose dens i ty  g rad ien t  ranging  f rom 0.6 M to 1.7 M 
sucrose (for detai ls  see1=). Af ter  90 min  cen t r i fuga t ion  at  
60,000 g, the  g rad ien t  was collected in 30 f rac t ions  of 
0.42 ml  each. 0.1 ml of each f rac t ion  was mixed  wi th  
0.1 mI h y ami n e  hydrox ide  and  added  to  15 ml scint i l la tor  
mix tu re  for l iquid scint i l la t ion count ing.  The d i s t r ibu t ion  
of t he  mater ia l  on the  g rad ien t  was moni to red  dur ing  
collection by  UV-abso rp t i on  at  254 rim, and samples  
f rom each major  b a n d  were collected for e lec t ron micro- 
scopic ident i f ica t ion.  The p h o t o g r a p h  in Figure  1 shows 
the  d i s t r ibu t ion  of t he  mater ia l  on the  grad ien t  af ter  
cent r i fugat ion .  Pro te in  was de t e rmined  by  the  me t h o d  of 
LOWRY et  al. ~a 

Results  and discussion. The t i s sue /med ium rat ios  for the  
whole slices (Table I) show t h a t  in b o t h  dorsal  and  ven t ra l  
spinal  cord the  init ial  u p t ak e  ra te  for glycine is 3 t imes  
h igher  t h a n  t h a t  of g lu tamate .  For  b o t h  amino  acids, 
up t ake  was h igher  in the  dorsal  region. This m a y  be 
p a r t l y  due to the  s l ight ly  higher  p ro te in  con ten t  per  g 
t issue weight ,  which  was 49.7 mg/g  in the  ven t ra l  half  and  
56.3 mg/g  in the  dorsal  half  (average of 8 exper iments ) ,  
giving a ra t io  of 1.13. I n  a separa te  exper iment ,  the  
t i s sue /med ium rat ios  for glycine were de t e rmined  in grey 
and  whi te  m a t t e r :  ven t ra l  grey 3.3, dorsal  grey 4.3, 
ven t ra l  whi te  0.8, dorsal  whi te  1.1. The dorsa l /ven t ra l  
ra t ios  are s imilar  to those  for t he  combined  slices. As was 
to be expected ,  there  is a 3-4-fold h igher  up take  ra te  in 
grey m a t t e r  t h a n  in white.  

The d i s t r ibu t ion  of Ha-glycine aild Ha-z-g lu tamate  on 
the  10-step sucrose g rad ien t  is shown in Figure  2. The 
4 main  bands  in the  region of t he  synap tosomes  (fractions 
8-23, 1.0-1.3 M sucrose) cor respond to those  visible in 
these  posi t ions  in Figure 1. The p ropor t ion  of Ha-glycine 
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to  Ha-L-g lu tamate  var ies  f rom b a n d  to  band ,  be ing  g rea t e r  
in t he  heav i e r  synap tosomes .  Our  s t e p g r a d i e n t  t h u s  shows 
t h a t  the  s y n a p t o s o m a l  popu la t i ons  ac t ive ly  t r a n s p o r t i n g  
glycine and  L-g lu t ama te  are no t  ident ica l .  Th i s  suppor t s  
t he  a u t o r a d i o g r a p h i c  and  u p t a k e  d a t a  of IVERSEN and  
BLOOM1~ B y  f r a c t i o n a t i n g  t he  en t i r e  (nuclei-free) 
h o m o g e n a t e  i n s t ead  of a r e suspended  washed  100,000 g 
pel le t  6, we o b t a i n e d  a more  de ta i l ed  p i c tu re  of t he  re la t ive  
q u a n t i t a t i v e  d i s t r i b u t i o n  of glycine a n d  g l u t a m a t e  
up take .  The  q u a n t i t a t i v e  ana lys i s  of our  d a t a  in  Tab le  I I  
shows t h a t  a v e r y  h i g h  pe rcen t age  of t he  amino  acids is 
t a k e n  up  b y  cel]ular  c o m p o n e n t s  o t h e r  t h a n  s y n a p t o -  
somes, wh ich  a f te r  h o m o g e n i z a t i o n  a p p e a r  a t  t he  top  of 
the  g r ad i en t  (less t h a n  0.9 M sucrose), f r ac t ions  24-30. 
This  suggests  t h a t ,  inspi re  of t h e  low t i s s u e / m e d i u m  
ra t ios  in  wh i t e  m a t t e r  in  t he  sp ina l  cord, t he  large p ropor -  
t ion  of gila1 cells in  th i s  t i ssue  p lays  a n  i m p o r t a n t  par t ,  
besides  t he  neurones ,  in  t he  r e m o v a l  of glycine and  g lu ta-  
m a t e  f rom ex t race l lu la r  space. The  do r s a l / ven t r a l  u p t a k e  
ra t ios  are close to u n i t y  for t h i s  cell c o m p a r t m e n t ,  
sugges t ing  t h a t  on ly  unspecif ic  t r a n s p o r t  m e c h a n i s m s  are 
involved .  

I n  two  exper imen t s ,  HS-Gaba was included.  The  t i ssue/  
m e d i u m  ra t ios  were 1.47 and  1.77 (ventra l ) ,  and  3.04 a n d  
2.58 (dorsal), g iv ing  do r s a l / ven t r a l  u p t a k e  ra t ios  of 2.07 
a n d  1.45 s imi la r  to  our  va lues  for  H~-glycine a n d  H a- 
g l u t a m a t e  (Table  I). The  f r ac t i ona t i on  p a t t e r n  for G a b s  
was s imi la r  to  t h a t  for g l u t a m a t e  in  F igure  2. 

Whi le  t he  do r sa l / ven t r a l  r a t ios  for g l u t a m a t e  u p t a k e  in 
t h e  slices (Table  I) a n d  in t he  s y n a p t o s o m a l  f rac t ions  
(Table  I I )  are rough ly  s imi la r  to  t h a t  of t h e  endogenous  
free g l u t a m a t e  pool, t h e y  are  reversed  for g l y c i n e 7 - t  
B o t h  dorsa l  a n d  v e n t r a l  regions  of ca t  sp ina l  cord  h a v e  
h igh  glycine levels c o m p a r e d  to cerebra l  cortex,  b u t  t he  
v e n t r a l  level  is h igher  by  a f ac to r  of a b o u t  1.2. Our  
f ind ings  seem ~o ind ica t e  t h a t  t h e  u p t a k e  ra t e s  for  ' h igh  
specif ic i ty '  k ine t ics  (which can  be  expec ted  to d o m i n a t e  
for a m i n o  acids a t  5 • 10 ~ M) are no t  necessar i ly  governed  
b y  t he  level  of t he  endogenous  free pool  of t he  s u b s t a n c e  
be ing  t r a n s p o r t e d .  A m u c h  more  de ta i l ed  regional  analys is  
of endogenous  c o n c e n t r a t i o n s  and  of u p t a k e  k ine t ics  
would be requi red  to  decide t h i s  i m p o r t a n t  ques t ion .  

F r a c t i o n a t i o n  of subce l lu la r  par t ic les  f rom spina l  cord 
has  been  carr ied  ou t  on a l inear  sucrose g r ad i en t  6, and  on  
2-step d i scon t inuous  gradients~4, ~5 The  s y n a p t o s o m e s  
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Fig. 2. Distribution of H~-glycine and Ha-L-glutamate on a 10-step 
discontinuous sucrose density gradient after 10 rain uptake at 25 ~ 
into slices of dorsal and ventral cat spinal cord. The percentage of 
the total label recovered from the gradient, appearing in each fraction 
is given. Each point is the average of 4 independent determinations. 
GIy D, glycine, dorsal; Gly V, glyeine, ventral; Glu D, glutamate, 
dorsal; GIu V, glutamate, ventral. 

Table II. Percent distribution of Ha-glycine and Ha-L-glutamate on a discontinuous sucrose density gradient after 10 min uptake into slices 
of dorsal and ventral eat spinal cord at 25 ~ 

Fractions 1-7 (mitoehondria) 8-23 (synaptosomes) 24-30 

H3-gtycine % cpm (dorsal) 0.9 4- 0.2 20.4 :~ 5.1 78.6 • 5.3 
(ventral} 0.9 ~- 0.2 13.4 2t_ 2.6 85.7 n u 2.7 

H3-L-glutamate % cpm (dorsal) 0.6 • 0.2 9.1 4- 0.6 90.3 ~ 0.6 
(ventral) 0.8 ~= 0.2 5.9 i 0.5 93.3 =t= 0.7 

DorsaI/ventral ratio Glycine 1.00 1.52 0.91 
Glutamate 0.75 1.54 0.96 

Glycine/glutamate ratio (dorsal) 1.5 2.24 0.87 
(ventral) 1.1 2.27 0.91 

The 30 fractions were grouped in 3 regions containing predominantly mitochondria, synaptosomes (in 4 bands), and membrane fragments, 
myelin and supernatant. Averages of 4 separate experiments for each amino acid are given. 
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were, however ,  ob ta ined  in a single band  or peak  w i t h o u t  
fu r ther  d i f ferent ia t ion.  Our gradient ,  which  subdivides  
the  dens i ty  region be tween  0.9 M and  1.4 M sucrose into 
5 separa te  steps,  pe rmi t s  a more  deta i led  analysis  of 
synap tosoma l  subpopu la t ions  (see also 1~). I t  appears  t h a t  
w i th  such a grad ien t  d i s t inc t  subpopula t ions  of synap to -  
somes can be par t i a l ly  separa ted .  

Zusammenfassung .  Fiir  die Ver te i lung yon  Ha-Glycin 
und  Ha-L-Glutamat  auf e inem 10-Stufen-Gradien ten  nach  

A u f n a h m e  in K a t z e n r i i c k e n m a r k s c h n i t t c h e n  werden  
unterschiedl iche  Muster  erhal ten,  die auf verschiedene  
S y n a p t o s o m e n p o p u l a t i o n e n  schliessen lassen. 

C. G. HONEGGER, L. M. I4~REPELKA, V. STEINMANN 
and H. P. voN HAHN 

A bteilung Neurochemie,  Neurologische 
Universitgitsklinik Socinstrasse 55, CH-d057  Base l  
(Switzerland), 7 October 7973. 

DNA and RNA Concentration in the Liver of Japanese Quail (Coturnix coturnixjaponica) 
During Growth 

On the  basis of results  ob ta ined  in var ious  studies,  it  
m a y  be concluded t h a t  DNA concen t ra t ion  in t he  l iver 
and  o the r  organs  and  t issues is re la t ively  stable.  R N A  
concent ra t ion ,  on the  o the r  hand,  sensi t ively  reflects the  
changes  in the  physiological ,  b u t  especial ly in t he  meta-  
bolic processes which  are developed as a result  of t he  
act ion of var ious  in te rna l  and ex te rna l  factors  1 5. 
Dur ing  animal  growth,  as well as a t  its end, grea t  changes  
in p ro te in  me tabo l i sm occur. D N A  concen t ra t ion  in t he  
l iver of growing animals  does no t  change  2, whereas  the  
con t en t  of R N A  is closely corre la ted  wi th  the  in t ens i ty  of 
p ro te in  synthes is  1-a. However ,  on the  basis of some experi-  
m e n t s  it  has  been  found  t h a t  in growing animals  there  is a 
s ignif icant  change  in D N A  concen t ra t ion  in the  l iver 6. 
Our expe r imen ta l  work,  which  deals w i th  t he  progress  as 
well as w i th  the  changes  of D N A  and  R N A  concen t ra t ion  
in the  l iver of J apanese  quail  f rom the  t ime  of the i r  
ha t ch ing  unt i l  t h e y  have  reached  sexual  and  b o d y  
ma tu r i ty ,  is i n t ended  as a con t r ibu t ion  to th is  specific 
problem.  

Mater ials  and methods. The p rob lem was inves t iga ted  
in J apanese  female quail. These were kep t  in ve ry  good 
condi t ion  and fed a m ix tu r e  of p ro te in  conta in ing  28% 
of N-subs tances .  Beginning  wi th  the  day  of the i r  ha t ch ing  
unt i l  t h e y  had  reached  the  age of 70 days,  the  quail  were 
s laughtered  in groups of 5 a t  in tervals  of 7 days  and  the i r  
l iver D N A  and R N A  concen t ra t ion  was de t e rmined  by  
SCHNEIDER'S m e t h o d L  The quail  began  laying eggs when  
t h e y  had  reached  the  mean  age of 48 days.  

The values ob ta ined  f rom D N A  and  R N A  concen t ra t ion  
have  been  eva lua ted  by  a ma themat i ca l - s t a t i s t i ca l  
m e t h o d  in the  following way:  The homogen i ty  of vari-  
ances among  the  age groups was de t e rmined  by  Cochran 's  s 
G-test .  If  the  G-tes t  was no t  significant,  the  results  were 
t hen  eva lua ted  by  the  analysis  of a var iance.  If the  G- tes t  
was significant,  the  in te r -group  differences were t e s t ed  by  
S tuden t ' s  t - tes t  9, or in the  case of he te rogen i ty  of the  
group var iances  by  WELCH'S t - tes t  1~ 

Results  and discussion. The values  ob ta ined  f rom DNA 
concen t ra t ion  in the  liver as well as f rom the  live weight  
and the  weight  of t he  l iver are shown in Table  I. F r o m  the  
values  i t  can  be seen t h a t  D N A  concen t ra t ion  does no t  
change in the  l iver of the  growing animals  and  is marked  
by  a low var iabi l i ty .  On the  o ther  hand,  R N A  concent ra-  
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Table I. Live weight, weight of liver and DNA concentration in the liver (n = 5) 

Age Mean weight (g) 
(days) 

DNA concentration ([zg/100 mg of tissue) 

Quail Liver Mean • S.E. C.V. (%) 

0 6.90 0.21 24.01 -4- 0.09 0.77 
7 16.23 0.57 24.17 4- 0.08 0.64 

14 24.85 0.93 24.23 ~- 0.11 0.91 
21 46.57 1.64 24.27 ~ 0.09 0.74 
28 56.93 1.70 24.15 • 0.12 0.96 
35 84.87 2.85 24.26 • 0.05 0.45 
42 96.25 3.04 24.28 4- 0.05 0.40 
49 117.92 3.47 24.26 ~ 0.16 0.33 
56 123.59 3.50 24.33 -- 0.03 0.28 
63 117.42 3.37 24.25 • 0.12 0.28 
70 112.61 3.90 24.28 -- 0.08 0.67 

G-test not significant 
F-test not significant 

n = number of animals in a group, c.v. (~ = coefficient of variation. 


