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Indole-3-glycerol phosphate, an intermediate in the 
biosynthesis of indole* 

l ' r ev ious  s tud ies  on the  convers ion of an thran i l i c  acid to indole have  shown  t h a t  the  carboxyl  
ca rbon  of an thran i l i c  acid is lost du r ing  th is  convers ion  1, s and  t h a t  two carbon  a t o m s  are added  
to comple te  the  pyrrole  r ing of indoleL The  resu l t s  of isotope e x p e r i m e n t s  ind ica ted  t h a t  t he  
two added  carbon  a toms ,  t he  even t ua l  C-2 and  C- 3 of indole, are der ived respect ive ly  f rom C-z 
and  C-2 of r ibose or a r ibose der iva t ive  2. 5 -phosphor ibosy l - z -py rophospha t e  (PRPP)  has  been 
impl ica ted  as the  ac tua l  donor  of the  two ca rbon  a t o m s  on the  basis  of s tud ies  wi th  ex t r ac t s  
of E. colis. These  s tudies  have  fu r the r  sugges ted  t h a t  t he  r ibose -5 -phospha te  mo ie ty  of P R P P  
m a y  add direct ly  to the  am i no  group of an thran i l i c  acid in t he  b iosyn thes i s  of indole. The  isolat ion 
of indole-3-glycerol  phospha te ,  descr ibed below, suppor t s  th is  view. On  t he  basis  of the  d a t a  
p resen ted  here the  following scheme  of indole syn thes i s  f rom an thran i l i c  acid is proposed:  
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an thran i l i c  acid indole-3-glycerol p h o s p h a t e  indole 

In prev ious  s tudies  it  was  shown t ha t  the  convers ion of an thran i l i c  acid to indole is ca ta lyzed  
by cell-free p repara t ions  of E. colis. A m m o n i u m  sul fa te  f rac t iona t ion  of such  p repara t ions  has  
provided  two separa te  prote in  fractions,  a rb i t ra r i ly  des igna ted  A and  B, which  ca ta lyze  different  
r eac t ions  in the  t r a n s f o r m a t i o n  of an thran i l i c  acid to indole 4. F rac t ion  A, in the  presence  of P R P P  
and  Mg ++ ions, conver t s  anthrani l ic  acid to a phospho ry l a t ed  c o m p o u n d  which  appears  to be 
an i n t e rmed ia t e  in indole synthes is .  This  i n t e rmed ia t e  is conver ted  to indole by  Frac t ion  B. The 
i n t e rmed ia t e  formed by  Frac t ion  A has  been isolated by  the  following s teps :  adsorp t ion  and  
elut ion f rom Darco G-6o, g rad ien t  elut ion f rom a Dowex-z chloride co lumn,  adsorp t ion  and  
elut ion from Darco G-6o and  precipi ta t ion  as the  b a r i u m  sa l t  by  t he  add i t ion  of Ba ++ ions, alcohol 
and  acetone to an  aqueous  solut ion of the  in te rmedia te .  Dur ing  purif icat ion,  t he  i n t e r m e d i a t e  
was as sayed  colorimetr ical ly wi th  a modif ied Salkowski  reagen t  for indole acetic acid* or by  
enzymic  convers ion to indole wi th  Frac t ion  B. C, H, N and  P ana lyses  of the  isolated i n t e r m e d i a t e  
gave  t he  following resul t s :  

C H N P 

F o u n d "  29.i 3 3.51 3.z6 6.8 
Calcula ted  for C n H l z O e N P B a . z H z O  28.8I 3.52 3.05 6.76 

The  absorp t ion  s p e c t r u m  of the  i n t e rmed ia t e  is very  similar,  bu t  no t  ident ical  wi th  t h a t  of indole. 
The  c o m p o u n d  yields 0.9-0.95 moles  of indole per mole of P on t r e a t m e n t  wi th  e n z y m e  F rac t ion /3 .  
W h e n  hea t ed  wi th  di lute  alkali t he  in te rmedia te  is c leaved to form indole (isolated as t he  p icra te  
and  identified by  mel t ing  poin t  and  mixed  mel t ing  po in t  de te rmina t ions)  ; in di lute  acid so lu t ion  
a t  room t e m p e r a t u r e  the  in te rmedia te  is rap id ly  des t royed.  Isotope expe r imen t s  carr ied ou t  wi th  
carboxyl- labeled an thrani l ic  a c i d * ' *  and  wi th  P R P P * * *  labeled wi th  a lp  in the  5-posi t ion indicate  
t h a t  the  in te rmedia te  formed by  Frac t ion  A does no t  con ta in  the  carboxyl  ca rbon  of an th ran i l i c  
acid, bu t  does con ta in  t he  P f rom the  5-posi t ion of P R P P .  W h e n  t rea ted  wi th  e n z y m e  Frac t ion  B 
t he  in te rmedia te  yields, in addi t ion  to indole, a c o m p o u n d  which gives a z ,4-d in i t rophenylosazone  
wi th  the  same  absorp t ion  s p e c t r u m  as the  d in i t rophenylosazone  fo rmed  by  the  tr iose phospha tes*  
(the b is -d in i t rophenylosazone  of methylg lyoxal ) .  The  p h o s p h a t e  group of t he  i n t e rmed ia t e  is no t  
hydro lyzed  by  I N  alkali a t  room t e m p e r a t u r e ;  however,  following t r e a t m e n t  wi th  e n z y m e  
Frac t ion  B the  organic phospha t e  p resen t  in the  react ion m i x t u r e  becomes  alkali labile. These  
f indings sugges t  t h a t  the  in te rmedia te  is c leaved by  Frac t ion  B to yield indole and  tr iose phos-  
pha te .  W h e n  t rea ted  with o.t N sod ium me tape r ioda t e  for 2o minu t e s  a t  room t e m p e r a t u r e  the  
i n t e rmed ia t e  is q u a n t i t a t i v e l y  conver ted  to indole-3-a ldehyde (identified by  mel t ing  po in t  and  
mixed  mel t ing  poin t  de t e rmina t ions  and  by  the  character is t ic  absorp t ion  s p e c t r u m  of th is  com-  
pound) .  This  indicates t ha t  the  phospha t e  group of the  in te rmedia te  is on the  t e rmina l  carbon 

* This  inves t iga t ion  was suppor ted  by the  Nat iona l  Science F o u n d a t i o n  and  was per formed 
du r ing  the  t enure  of a Lederle Medical Facu l ty  Award to the  au thor .  

*" Tile C, H and  N ana lyses  were per formed by the  H u f f m a n  Microanalyt ical  Laborator ies ,  
\Vheatr idge,  Colorado. 

*** The  a u t h o r  is indebted  to Dr. MARTtN GraBS and Dr. ~V. I,A.~GrtAM for samples  of ca rboxyl  
labeled an thrani l ic  acid and  to Dr. D. GOLDTHWAIT for the  labeled and  unlabeled P R P P .  
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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, 

* This work was supported in part by a grant (No. C-646 ) from the National Cancer Institute, 
National Institutes of Health, U.S. Public Health Service. 

** Abbreviations as f~llows: ribonucleic acid, RNA; uridine-5'-monophosphate, 5'-UMP; 
adenosine triphosphate, ATP; uridine 2' (3') monophosphates (mixture), 2' (3') UMP; cytidine- 
5'-monophosphate, 5'-CMP. 


