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O n  the mechanism of act ivat ion of acetyl 91utamic acid 

The c a t a l y t i c  role of c a r b a m v l  g l u t a m i c  acid or re la ted  compounds  for c i t ru l l ine  b iosyn thes i s  
has  been shown by us 1. However  the  mechan i sm of a c t i v a t i o n  leading to compound  X " ,w c a r b a m v l  
phospha t e  has  not  been clarified. E x p e r i m e n t s  leading  to the mechan i sm of a c t i v a t i o n  of carbam~'l  
g lu t amic  acid showed t h a t  the hydrogen  a t o m s  a t t a c h e d  to the car tmn a t o m s  were not involved  
in the p r i m a r y  ac t i va t i onL  There was, however,  ind ica t ion  of a p r i ma ry  ac t i va t i on  at  the  c a r b a m y l  
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A Nt I s exc luded  o o o 
A NHzOH replac ing  NH s o 0. 5 o 
A ( 'omple te  sy s t em 315 ~t.3 t~.3 
B NH s exchlded  o o o 
13 NH2OH replac ing  NH a o o.o9 o 
B Comple te  sys t em 4 8 1.oi t.o6 

The  following componen t s  expressed  in t tmoles  were incuba ted  a t  38~ for 20 min in a final vo lume 
of 3.5 mI: L-ornithine,  15; ATP, 13; NaHI*COs, 25 (5o,ooo c//*mole); MgSO 4, 3o; Tris  buffer 
(pH 7.5), I6O; ace ty l  g l u t a m a t e ,  2o and,  when used NH s, 5o; N H , O H ,  i5o. In A, wa te r  ex t r ac t s  
cor responding  to 2o mg of ace tone  powder  ra t  l iver  m i tochondr i a l  p r epa ra t i ons  were used. In B, 
I mg  of bac ter ia l  p repara t ion  was used s. 

T A B I . E  II  

T H E  E F F E C T  OF P R E I N C U B A T I O N  OF C O M P O N E N T S  A N D  OF H E X O K I N A S E  ON 

C I T R U L L I N E  B I O S Y N T H E S I S  "~VI'FH B A C T E R I A L  A N D  M A M M A L I A N  S Y S T E M S  

Conditions 

l.zrer 

A t3 ( ;ondilion s 

ttmole citrulline 

No p re incuba t ion  o.33o o.128 
AG + ATP p re incuba t ed  0.530 0.240 
No p re incuba t ion  

hexok inase  added  o.o 14 .... 
AG + ATP p re incuba t ed  

hexok inase  added  o. i i - - - -  

lhwterm 

ionole citrulline 

No pre incuba t ion  o.- i o 
ATP p re incuba t ed  o.21 o 

ATP + ('Oz p re incuba ted  0.204 

Tile following componen t s  expressed  in micromoles  per  2 ml final vo lume  were incuba ted  with 
15 mg ra t  l iver  mi tochondr i a l  ace tone  powder  e x t r a c t s :  ATP, 8; Tris  (pH 7.5), lOO; MgSO4, 25; 
NaHCO s, zoo; ace ty l  g l u t a m a t e ,  40; NH4('I, 5o; L-ornithine,  1o. P re incuba t ion  of the  enzyme  
p repa ra t ion  wi th  the componen t s  ind ica ted  in the  table ,  5 min at  38~. All tubes  were b r o u g h t  
to  3 °0 for expt .  A and to  25 ° for expt .  B, and  comple ted  a t  defini te  i n t e rva l s  wi th  the  rest  of 
the  componen t s  and  i ncuba t ed  for exac t ly  3 ° sec, followed by depro te in iza t ion .  W h e n  h e x o k i n a s e  
was used the samples  were incuba ted  for 2 min  wi th  enough hexok inase  to t r ans fe r  25 / ,mo le s  
of ATP phospha t e  in 2 rain to insure r emova l  of ATP and  only  4/~moles  of ATP were used. The  
p re incuba t ion  t ime  was also reduced to 2 min and the  final incuba t ion  was conduc ted  a t  380 
for 2 rain. When  hexok inase  was used 1oo/ tmoles  of glucose were added.  

W i t h  the bac te r ia l  p r epa ra t i on  s i mg was used and  i m g  of py ruv ic  k inase  was added  as 
well as i o / t m o l e s  of P E P .  The  ATP was decreased to  2 pmoles ,  the NH s increased to 1oo #moles ,  
and  the  pH of the  buffer was 8. 5 . The p re incuba t ion  was conduc ted  a t  380 for .5 rain and  the  
final i ncuba t ion  a t  22 ° for e xa c t l y  3 ° sec. 

* The following a b b r e v i a t i o n s  are  used t h r o u g h o u t  th is  pape r :  AG, ace ty l  g l u t a m a t e ;  ATP, 
adenos ine  t r i p h o s p h a t e ;  P E P ,  phosphoenol  p y r u v a t e ;  compound  X, the  ac t ive  i n t e rmed ia t e  for 
c i t ru l l ine  syn thes i s  or re la ted  reac t ions  formed from AG or re la ted  compounds  1. 
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glutamic acid level as shown by the production of inorganic phosphate  when carbamyl  g lu tamate  
reacted with ATP m. I t  was also shown tha t  hydroxylamine  increased this inorganic phosphate  
liberation wi thout  a concomitant  formation of a citrulline-like compound 1. These experiments  
have been repeated using 14CO2 and are shown in Table I. They clearly confirmed and extended 
the previous observat ions and also show tha t  the bacterial system unlike the mammal ian  system 
does not  react with hydroxylamine.  W'e have found fur ther  indications for an active precursor 
of  X and/or  carbamyl  phosphate.  As shown in Table II  when ATP is preincubated with acetyl 
glutamic acid there is an increase in citrulline synthesis.  This effect is not  demonstrable  with 
CO s or NH s and ATP or CO s, NH s and ATP. Also hexokinase will not  react or reacts slowly 
with the formed intermediate. These experiments  are interpreted as indication for the formation 
of an active phosphoryl  intermediate from ATP and acetyl glutamic acid. The chemical synthesis  
of such an intermediate is under investigation. This work was done during the tenure of an 
Established Invest igatorship  of the American Hear t  Association by the senior author.  This work 
was  supported by Grants  No. H-z925, National Ins t i tu tes  of Health, No. 67, The Helen Hay  
Whi tney  Foundat ion,  Life Insurance Medical Research Fund and the Kansas  Hear t  Association. 
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Strahlenchemische Bildung von Aminen und Aminocarbons~iuren 

Bei Bestrahlung kristallisierter Aminos~turen und ihrer wAssrigen L6sungen mit R6ntgenstrahlen 
k6nnen neben anderen Verbindungen flfichtige Spal tprodukte  gefunden werden, yon denen 
Kohlendioxyd, Wasserstoff, Kohlenwasserstoffe und Ammoniak mit Ionenausbeuten  zwischen 
ca. o. z und 4 stets in bemerkenswerter  Menge auftreten l, s, a,4. Auf Grund eigener Untersuchungen,  
wie auch der anderer  Autoren (z.B.S), kamen wir weiterhin zu dem Schluss, dass sich bei geniigend 
intensiver Bestrahlung organisch chemischer Verbindungen in dem bestrahlten System zwischen 
ab- und aufbauenden strahlenchemischen Reaktionen ein Gleichgewicht einstellt. Daher war zu 
erwarten,  dass es mOglich sein musste, durch Einwirkung yon ionisierender Strahlung auf die 
durch dieselbe Strahlung aus einfachen Amino.~iuren abgespaltenen kleinsten Molektile (NH a, 
CO s, H v CH~ usw.) umgekehr t  wieder u.a. Aminos/iuren und verwandte Verbindungen zu syn- 
thetisieren. Zugleich aber  war  das Studium der Strahlenchemie solcher und ~ihnlich zusammen-  
gesetzter Atmosph~.ren so z.B. auch eines Gasgemisches bestehend aus NH s, H v ( 'H 4 und HaO, 
wie es yon OPARIN 6 und UREV 7 ffir die Erdatmosph~re  eines frfihen Stadiums angenommen wird, 
yon allgemeinem Interesse. 

Nachdem es nunmehr  MILLERS,9, I° gegliickt ist, die Bildung yon Aminos~iuren durch elek- 
trische Ent ladungen in einer yon OPARtN uud UREV vorgeschlagenen AtmosphRre zu beobachten,  
war  daher  ein ~ihnliches Ergebnis bei Anwendung ionisierender Strahlung nicht unwahrscheinlich. 

Zur Strahlenerzeugung benutzten wir die Dermopanr6ntgenanlage yon Siemens (45 kV, 
25 mA), Dosisleistung in i cm Abstand vom Be-Fenster  2. 4. zo ~ r/rain. Als Bestrahlungsgefiisse 
I/Jr die Gase verwendeten wir kegelf6rmige Glasgef/isse yon 2 1 Inhalt .  Sie waren ~ihnlich wie 
Saugflaschen geformt, ha t ten  jedoch zur Zu- und Ab/eitung der Gase zwei seitliche Ans~.tze; die 
obere 0 f fnung  wurde durch 7/~ starke Poly~ithylenfolie versehlossen. Im Mittel ergab sich so 
ffir das bestrahlte Gas eine Dosisleistung yon 2. ~o 4 r/rain. Bei der durchschnit t l ich aufrechter-  
haltenen Bestrahlungszeit  yon i8o rain erhielten wir auf diese Weise eine Gesamtdosis  von ca. 
3-5" Io6 r. Die Versuchs tempera tur  war 20 ~ C. Es wurden Gase folgender Zusammensetzungen 
bei Normaldruck bestrahlt  : 


