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Zusammen/assueg. In  G e g e n w a r t  des Che la tb i ldne r s  
D i p y r i d y l  is t  die u n t e r  der  E i n w i r k u n g  von  U V - B e s t r a h -  
lung  e i n t r e t e n d e  O x y d a t i o n  v o n  Pro l in  zu H y d r o x y p r o l i n  
gehemmt ,  wie b ie r  a m  Beispiel  yon  neu t ra l sa l z lhs l i chem 
d e r m a l e m  Kol lagen  des Menschen  gezeigt  werden  k o n n t e .  
Die u n t e r  den  gle ichen B e d i n g u n g e n  e inse tzende  Degra-  
da t ion  der  prim~tren X o l l a g e n k e t t e n  wi rd  j edoch  d u r c h  

die G e g e n w a r t  von  D ipy r idg l  n i c h t  gest6r t ,  so dass  e in  
d i r ek t e r  Z u s a m m e n h a n g  zwischen den  be iden  E f f e k t e n  
ausgeschlossen  werden  kann .  
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The Effect of Anaerobic Incubation Upon 2,3-Diphosphoglycerate Synthesis in vitro 

I t  has  been  obse rved  t h a t  2 ,3 -d iphosphog lyce ra t e  
(2 ,3-DPG) b inds  w i t h  g r ea t e r  a f f in i ty  to  reduced  t h a n  
to o x y g e n a t e d  a d u l t  h u m a n  h e m o g l o b i n  ~-~. The  b i n d i n g  
of 2, 3 -DPG b y  d e o x y h e m o g l o b i n  w i t h i n  t he  a d u l t  h u m a n  
e r y t h r o c y t e  rel ieves 2 ,3 -d iphosphog lyce ra t e  m u t a s e  
(D-l, 3-diphosphoglycer ic  acid : D-3-phosphoglycerate  phos-  
pho t rans fe rase ,  E C  2.7.5.4) f rom i n h i b i t i o n  b y  i ts  p r o d u c t  
a n d  fac i l i t a tes  f u r t h e r  syn thes i s  of 2 , 3 - D P G  5. Whi l e  
s t u d y i n g  t h e  effects of added  deoxy-  a n d  ca rboxy-  
h e m o g l o b i n  u p o n  2, 3 -DPG synthes is ,  i t  was n o t e d  t h a t  
t he  gene ra t ion  of 2, 3 -DPG f rom fructose-I ,  6 -d iphospha t e  
was acce le ra ted  u n d e r  n i t r ogen  even  in t he  absence  of 
a d d e d  reduced  hemoglob in% I t  is t h e  purpose  of t h i s  
c o m m u n i c a t i o n  to descr ibe t he  m e c h a n i s m  of th i s  effect. 

Hemoglob in - f ree  e n z y m e  m i x t u r e  which  c o n t a i n e d  red  
ceil 2, 3 -DPG m u t a s e  and  was free of 2, 3 -DPG p h o s p h a t a s e  
(D- 2, 3 - d iphosphog lyce ra t e  2 - p h o s p h o h y d r o l a s e ,  EC 
3.1.3.13), was  p r epa red  accord ing  to  t he  m e t h o d  descr ibed  
e lsewhere  5. Syn thes i s  of 2 , 3 - D P G  was s tud ied  in a n  
i n c u b a t i o n  m e d i u m  c o n t a i n i n g  red  cell 2, 3 -DPG m u t a s e ;  
I r u c t o s e - l , 6 - d i p h o s p h a t e ,  100 F, moles ;  NAD, 20 b~moles; 
3 -phosphoglycera te ,  10 btmoles; E D T A ,  35 ~zmoles; t r i -  
e t h a n o l a m i n e  buffer ,  p H  7.6, 360 btmoles; p o t a s s i u m  
d i sod ium p h o s p h a t e ,  70 bLmoles; a ldolase (ke tose - l -phos-  
p h a t e  a ldehyde- lyase ,  EC4.1 .2 .7) ,  9 u n i t s ;  and  glycer-  
a l d e h y d e - 3 - p h o s p h a t e  dehyd rogenase  (D-glycera tdehyde-  
3 -phospha te  : N A D  oxidoreduc tase ,  EC 1.2.1.12, G-3-PD),  
36 un i t s ;  in  a t o t a l  vo lume  of 10.5 ml.  The  gene ra t ion  of 
2 , 3 - D P G  was s tud ied  in air, 100% n i t rogen  and  100% 
c a r b o n  monox ide .  I n c u b a t i o n  m i x t u r e s  were al lowed to  
equ i l ib ra te  w i t h  the  a p p r o p r i a t e  a t m o s p h e r e  for 30 ra in  
pr ior  to  t he  in i t i a t ion  of the  r eac t ion  b y  t he  a d d i t i o n  of 
I r u c t o s e - l , 6 - d i p h o s p h a t e .  Compressed  air, n i t rogen  and  
c a r b o n  m o n o x i d e  were washed  v ia  a f r i t t ed  glass disper-  
sion t u b e  i m m e r s e d  in dis t i l led w a t e r  p r io r  to  de l ivery  

in to  t he  reac t ion  mix tu re .  One ml  samples  were r e m o v e d  
per iod ica l ly  and  depro te in ized  b y  immers ion  in boi l ing  
water .  The  s u p e r n a t a n t s  were assayed  for 2, 3 -DPG us ing  
t he  SCHROTE~ and  HEYDEN 7 mod i f i ca t ion  of the  m e t h o d  
devised  b y  KRIMSKY 8. 

The  ra t e s  of syn thes i s  of 2, 3 -DPG in i n c u b a t i o n  mix-  
tu res  s u p p l e m e n t e d  w i t h  e n z y m e  p ro te in  c o n t a i n i n g  
a d u l t  red cell 2 , 3 - D P G  m u t a s e  are shown in F igure  1. 
The  t o t a l  syn thes i s  of 2, 3 -DPG was a p p r o x i m a t e l y  18% 
grea te r  in anae rob ic  i n c u b a t i o n  mix tu res ,  m a i n t a i n e d  
u n d e r  e i the r  n i t rogen  or c a r b o n  monoxide ,  t h a n  in mix-  
tu res  i n c u b a t e d  in air.  The  increase  in 2, 3 -DPG syn thes i s  
i nduced  b y  a n a e r o b i c  i n c u b a t i o n  was  be s t  obse rved  a t  
p h o s p h a t e  concen t r a t i ons  of 7 m M  or greater .  W h e n  
p h o s p h a t e  was o m i t t e d  f rom the  r eac t ion  m i x t u r e  on ly  
a p p r o x i m a t e l y  15% as m u c h  2 , 3 - D P G  was syn thes ized  
and  t he  d i f fe ren t ia l  effect  of anae rob ic  i n c u b a t i o n  was 
no t  observed.  

Whi le  2, 3 -DPG syn thes i s  appea r s  to  be  a func t ion  of 
p h o s p h a t e  concen t r a t i on ,  2, 3 -DPG m u t a s e  is n o t  k n o w n  
to be  p h o s p h a t e  d e p e n d e n t  9. However ,  G-3-PD is sen- 
s tr ive to  p h o s p h a t e  concen t r a t i ons  9,10. G-3-PD a c t i v i t y  

Effect of phosphate concentration upon glyeeraldehyde-3-phosphate 
dehydrogenase activity 
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Fig. 1. The rate of 2,3-DPG synthesis in incubation mixtures 
maintained under air, carbon monoxide and nitrogen. Each point 
represents the average value of 5 experiments. See text for experi- 
mental details. In these experiments phosphate final concentration 
was 7 mM. 
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was m e a s u r e d  u n d e r  a t m o s p h e r i c  cond i t ions  a t  v a r y i n g  
c o n c e n t r a t i o n s  of p h o s p h a t e ,  a n d  t he  e n z y m e  was found  
to  be  p r o p o r t i o n a t e l y  more  ac t ive  a t  h ighe r  p h o s p h a t e  
c o n c e n t r a t i o n s  (Table).  

W h e n  G-3-PD a c t i v i t y  was m e a s u r e d  u n d e r  air, c a r b o n  
m o n o x i d e  a n d  n i t rogen ,  t he  e n z y m e  was found  to be  
nea r ly  300% more  ac t ive  u n d e r  c a r b o n  m o n o x i d e  and  
n i t rogen .  I n  t he  presence  of 0 . 0 5 M  d i th io th re i to l ,  G-3-PD 
a c t i v i t y  was e q u i v a l e n t  u n d e r  aerobic  and  anae rob ic  
cond i t ions  (Figure 2). Similar ly ,  2, 3 - D P G  syn thes i s  was 
e q u i v a l e n t  u n d e r  aerobic  a n d  anae rob i c  a t m o s p h e r e s  
w h e n  0 . 0 5 M  d i t h i o t h r e i t o l  was added  to  t he  i n c u b a t i o n  
sys tem.  A t  a c o n c e n t r a t i o n  of 7 m M  phospha t e ,  147 a n d  
154 n m o l e s / m l  of 2 , 3 - D P G  were syn thes ized  a f t e r  2 h 
u n d e r  a i r  a n d  n i t rogen ,  respect ive ly .  

G-3-PD is composed  of 4 po l ypep t i de  subuni t s ,  each  
c o n t r i b u t i n g  1 s u l p h y d r y l  res idue (cysteine 148) to  the  
ac t ive  cen te r  of t h e  enzyme~L O x i d a t i o n  of these  sul- 
p h y d r y l  res idues  is a c c o m p a n i e d  b y  i n a c t i v a t i o n  of the  
enzyme.  R e c e n t l y  pe rox ide  has  been  shown  t o  i n a c t i v a t e  
G-3-PD,  p r e s u m a b l y  b y  t he  ox ida t i on  of t he  essent ia l  
s u l p h y d r y l  g roups  to su lphur ic  acid ,2 E n z y m e  i n a c t i v a t e d  
in th i s  m a n n e r  m a y  be  r e a c t i v a t e d  b y  s u l p h y d r y l  reagents .  

The  m o s t  l ikely e x p l a n a t i o n  for t he  effect  of anae rob i c  
cond i t ions  u p o n  G-3-PD a c t i v i t y  r epo r t ed  in t he  c u r r e n t  
s t u d y  would  a p p e a r  to  be  in t he  p r e v e n t i o n  of s u l p h y d r y l  
ox ida t i on  and  s u b s e q u e n t  i n a c t i v a t i o n  of t he  enzyme.  
The  effect  of d i t h i o t h r e i t o l  would  t h e n  der ive  b o t h  f rom 
t h e  p r o t e c t i o n  a f forded  s u t p h y d r y l  res idues  a n d  t he  
r e a c t i v a t i o n  of p rev ious iy  i n a c t i v a t e d  enzyme.  

The  acce le ra ted  r a t e  of 2 , 3 - D P G  syn thes i s  in a n  
anae rob i c  a t m o s p h e r e  in  t he  absence  of h e m o g l o b i n  
would  the re fo re  seem to be  d e p e n d e n t  u p o n  increased  
G-3-PD ac t iv i ty .  E x p e r i m e n t s  emp loy ing  ar t i f ic ia l  2,3- 
D P G  g e n e r a t i n g  sy s t em s  shou ld  guard  a g a i n s t  G-3-PD 
inac t i va t i on .  W h a t  role th i s  f ind ing  m a y  p l ay  in the  
i n t a c t  h u m a n  e r y t h r o c y t e  r e m a i n s  to  be  d e m o n s t r a t e d .  
W i t h  i ts  h i g h  c o n c e n t r a t i o n  of h e m o g l o b i n  and  reduced  

Fig. 2. Glyceraldehyde-3-phosphate dehydrogenase acti- 
vity in incubation mixtures maintained under air, carbon 
monoxide and nitrogen. When 0.05M d/thiothreitol was 
added to the system, the ditferential effect of aerobic 
versus anaerobic incubation was abolished. 
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glu ta th ione ,  t he  i n t a c t  e ry th rocy te ,  u n d e r  n o r m a l  con-  
dit ions,  should  no t  be  vu lne rab l e  to  G-3-PD inac t i va t i on .  

I t  is of i n t e r e s t  t h a t  when  a d u l t  e r y t h r o c y t e s  are 
i n c u b a t e d  unde r  n i t rogen ,  2 ,  3 -DPG Ievels increase  ~a. 
This  increase  has  been  ascr ibed  to  relief of 2 , 3 - D P G  
m u t a s e  f rom i ts  p r o d u c t  i n h i b i t i o n  b y  2, 3 -DPG as a 
consequence  of i ts  b ind ing  to d e o x y h e m o g l o b i n  5,14. The  
s tudies  r epo r t ed  he re in  sugges t  t h a t  in  an  anae rob i c  
a tmosphe re ,  a t  leas t  in  v i t ro ,  increased 1 ,3 -DPG syn- 
thesis  s econda ry  to a u g m e n t e d  G-3-PD a c t i v i t y  m a y  also 
c o n t r i b u t e  to increased 2, 3 -DPG syn thes i s  ~5 

Zusammen/assung. I n  E r y t h r o z y t e n  is t  die Syn these  
yon  2, 3 -Diphosphog lyce ra t  aus  F ruc tose - I ,  6 -d iphospha t  
in  a n a e r o b e m  Milieu u m  18% hSher  als u n t e r  a e r o b e n  
Bed ingungen .  Das  anae robe  Milieu s te iger t  die Akt iv i tXt  
der  G l y c e r a l d e h y d - 3 - p h o s p h a t - d e h y d r 0 g e a a s e  um 300%.  
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A u t o r a d i o g r a p h i c  Ident i f i ca t ion  of R a b b i t  Re t ina l  N e u r o n s  that  take  up  G A B A  

G A B A  (y -aminobu ty r i c  acid) is now widely  be l ieved 
to  be  one of t he  m a m m a l i a n  n e u r o t r a n s m i t t e r s .  I t  h a s  
r ecen t ly  been  shown  t h a t  t h e  s u b s t a n c e  is ac t ive ly  t a k e n  
u p  and  r e t a i n e d  b y  the  cen t r a l  ne r vous  tissueS, 2, t h e  
m e c h a n i s m  s o m e w h a t  r e sembl ing  t h a t  for  c a t echo l amines  
in  adrenerg ic  neurons .  T he  u p t a k e  of exogenous  G A B A  
in to  w h a t  m i g h t  be  p r e s u m e d  to  be  G A B A  neurons  
m a k e s  i t  possible  to  d e m o n s t r a t e  these  neu r ons  au to-  

rad iograph ica l ly ,  p rov ided  t h a t  d i f fus ion can  be  con- 
t rol led.  The  r e t i n a  was chosen  as t e s t  t i s sue  because  i ts  
r egu la r  s t r u c t u r e  pe rmi t s  s imple  c lass i f ica t ion of cells a nd  
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