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of the side chain and that  there are hydroxyl groups on the two carbon atoms adjacent to the 
indole ring. On the basis of the data presented the intermediate is identified as indole-3-glycerol 
phosphate. 

Neither indole-3-glycerol phosphate nor indole-3-glycerol (prepared by treating indole-3- 
glycerol phosphate with intestinal phosphatase) support the growth of mutant  strains of E. coil 
capable of responding to anthranilic acid or indole. However, indole-3-glycerol (identified on the 
basis of RF values in several solvent systems) is apparently accumulated by several tryptophan- 
requiring mutants of E. cell4, ~ suggesting that  indole-3-glycerol phosphate is a normal intermediate 
in indole synthesis. The inability of indole-3-glycerol phosphate to support growth could be 
ascribed to impermeability while indole-3-glycerol may not be rephosphorylated and, therefore, 
not utilized as an indole precursor. 

In addition to providing evidence for the proposed biosynthetic pathway of indole synthesis, 
the isolation of indole-3-glycerol phosphate suggests the possibility that  t ryptophan may be 
synthesized in some microorganisms by a mechanism other than the coupling of indole and serine. 
Studies on histidine biosynthesis have demonstrated that  in the synthesis of this amino acid an 
alanine side chain is formed from a glycerol phosphate side chain s. If an analogous sequence 
of reactions were involved in t ryptophan synthesis, tryptophan could be formed without indole 
serving as an obligatory intermediate, 
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Incorporation of pyrimidine precursors into ribonucleic acid 
in a cell-free fraction of rat liver homogenate*, " "  

The development of cell-free systems for the biosynthesis of nucleic acids was successfully under- 
taken in this laboratory as soon as it became clear t that  all of the ribonucleotides exist in animal 
tissues in the form of the 5' mono-, di- and triphosphates. 

The recent demonstration of a net synthesis of an RNA-type of polynucleotide by a bacterial 
extract  2, 8 and the incorporation of labeled adenosine monophosphate into the RNA of pigeon 
liver homogenates 4, together with the earlier report that  rat liver homogenates using adenine 
were inactive 5 prompts the present report in which rat  liver "cytoplasmic fraction" is shown 
to label the uridine moiety of RNA when incubated with x4C labeled erotic acid or 5'-UMP. The 
accompanying report deals with the utilization of the system for the incorporation of 5'-AMnP 
into RNA t. The addition of erotic acid-6-1'C to systems that  label the uridine moiety of RNA 
also results in the extensive labeling of all of the acid-soluble uridine nucleotides of the 5" phosphate 
series, but does not label added pools of 2' (3') UMP, 2' (3') CMP or of 5'-CMP. The latter fact 
is paralleled by the fact that  the cytidine moiety of RNA is unlabeled in these experiments. 
Previous studies have established the interactions between the uridine phosphates and the 
adenosine phosphates in these systems 7. In the present experiment the mitochondria were used 
to regenerate ATP, and oxidative substrates were added, but the mitochondria can be omitted 
if glycolytic components or phosphoglyceric acid are added. The addition of 5" UMP (biosyntheti- 
cally labeled from orotic-6J'C in separate experiments) to the reaction mixture also results in 
labeling of the various acid-soluble uridine nucleotides and of the uridine moiety of RNA. 

In order to show that  the RNA contained 14C labeled nucleotides in nucleic acid linkages, 
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t he  isolated R N A  s was sub jec ted  to alkaline hydro lys i s  yielding 2'  (3') mononuc leo t ides  which  
were s epa ra t ed  ch roma tog raph i ca l l y  9. Pools of non- rad ioac t ive  5'  U M P  and  orotic acid were added  
to t he  R N A  hyd ro ly sa t e  before c h r o m a t o g r a p h y  to localize a n y  rad ioac t iv i ty  ar is ing from con tami -  
na t i on  by  these  subs tances ,  b u t  t h e y  r ema i ned  unlabeled.  The  resu l t s  (Table I) show t h a t  t he  
2'  (3') ur idyl ic  acid ob ta ined  f rom the  R N A  was labeled and  it  m a y  be concluded t h a t  an  acid- 
soluble 5 ' -nucleot ide,  or a der iva t ive  thereof  was incorpora ted  into a dies ter  l inkage in a molecule  
wi th  t he  proper t ies  of RNA.  The  reac t ion  p robab ly  resul ts  in t he  label ing of a t  least  one t y p e  
of R N A  molecule.  These  conclus ions  are fu r the r  suppor t ed  by  the  s tudies  wi th  dies terase  repor ted 
herewi th  e. In  th is  reac t ion  sys t em,  the  specific ac t iv i ty  of the  R N A  begins  to decline af ter  45 
m i n u t e s  incuba t ion  and  t he  p rox ima l  precursor  is unknown .  The  s tud ies  by  OCHOA et al.Z, a offer 
possible  exp lana t ions  which  are be ing  tes ted  in bo t h  ins tances .  

T A B L E  I 
RADIOACTIVITY OF NUCLEOTIDES OBTAINED BY ALKALINE HYDROLYSIS OF CYTOPLASMIC R N A  

A 2o % h o m o g e n a t e  of r a t  liver in o . 2 5 M  sucrose  was  cen t r i fuged  Ios a t  6oo g and  t he  pellet  
was  washed  once wi th  an  equa l  v o l u m e  of sucrose which  was  t h e n  combined  wi th  the  first super -  
n a t a n t  f rac t ion to give the  " cy t op l a smi c  f rac t ion" .  F i f teen  ml  of th is  p repa ra t ion  were m i x e d  
wi th  an  equal  vo lume  of a reac t ion  s u p p l e m e n t  cons is t ing  of sucrose, o.25 M,  fumara te ,  o.oo8 M, 
p y r u v a t e  and  g lu t ama te ,  o.o2 ~ f  each, MgC12, o.oo6.~I, and  inorganic  p h o s p h a t e  o .o2M.  All 
acidic c o m p o u n d s  were in the  form of the  p o t a s s i u m  sa l t s  and  the  s u p p l e m e n t  was  ad jus t ed  
to p H  7.2, a f t  r t he  orotic acid or 5'  U M P  were added.  All c o m p o n e n t s  were a t  0 ° unt i l  t he  incu-  
ba t i on  a t  30 ° was  begun,  wi th  air in t he  gas  phase .  S upp l emen t s  of ATP,  f ructose and  ribose- 
5 -phospha t e  had  no beneficial effect and  A T P  inhibi ted  t he  incorporat ion.  The  react ion was  

s topped  wi th  perchloric acid a t  2o'. 

A cid-soluble/¢a~ion RNA 
A dd~4 ~,~ursor 

c~l/JM precursor c~I~A 5" UPM* c~tl~M #" (3") UMP** 

3 / ~ M  Orotic  acid-6-1*C 1.5. IOS 342, °00  88 
25 juM 5' UMP-4  -1~C o.I • lO s 70,000 53 

* Di lu t ion  of added  precursor  resu l t s  f rom endogenous  5 '  U M P  and  equi l ibra t ing  metabol i tes .  
** The  r ad ioac t iv i ty  of t he  o the r  3 nucleot ides  and  of added  5' U M P  and  orotic acid was  

negligible.  
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Effects of 2:4-dinitrophenol and other agents on the nucleoside 
triphosphatue activities of L-myosin 

Recen t  work  ha s  shown  t h a t  DNP *I ,  ~ and  P M A  t increase  t he  ATPase  and  decrease t he  I T P a s e  
ve loc i ty  of Ca++-act iva ted  L-myos in .  W e  now repor t  obse rva t ions  on o the r  nucleoside-5 ' - t r i -  
p h o s p h a t a s e  act iv i t ies  of th i s  enzyme .  

Thr ice-prec ip i ta ted  L - m y o s i n  was  prepared  f rom rabb i t  musc le  a. Ac t iv i ty  was  measu red  by  
i n c u b a t i n g  the  .enzyme (o. io mg/ml )  for 5 m i n  a t  25 ° wi th  o . o 5 M  a m i n o t r i s ( h y d r o x y m e t h y l ) -  
m e t h a n e  chloride, p H  7.5, 2 m M  subs t r a t e ,  and  o the r  add i t ions  as no ted  below. Unless  o therwise  

* Abbrev ia t ions :  ATP,  CTP,  GTP,  ITP,  UT P ,  adenosine,  cyt idine,  guanos ine ,  inosine a n d  
nr id ine  5 ' - t r i phospha te s  ; DNP,  2 : 4-d in i t rophenol ;  E DT A,  e thy lened iamine te t r aace t i c  acid;  PMA,  
pheny lmercu r i c  acetate .  


