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Identification of the triose phosphate formed 
in the tryptophan synthetase reaction 

In Escherichia coli t ryptophan synthetase is a two-component enzyme catalyzing the 
following three reactions 1, ~: 

Indole + L-serine ---> L-tryptophan (t) 
Indole-3-glycerol phosphate + L-serine ~ L-tryptophan + triose phosphate (2) 
Indole-3-glycerol phosphate ~ indole + triose phosphate (3) 

Reactions (I) and (2) require pyridoxal phosphate as a cofactor. Reaction (2) is 
responsible for t ryptophan synthesis in the normal cell 3. When the enzyme is presented 
with indole-3-glycerol phosphate (InGP) or indole and a mixture of triose phosphates 
in the absence of L-serine, reaction (3) can be shown to occur. In the present experi- 
ments, in order to determine whether glyceraldehyde 3-phosphate or dihydroxy- 
acetone phosphate is thetr iose phosphate concerned in reactions (2) and (3), purified 
E. coli t ryptophan synthetase has been coupled with either glyceraldehyde 3-phosphate 
dehydrogenase* or a-glycerol phosphate dehydrogenase. Reactions were followed spec- 
trophotometrically by noting the change in absorbancy of DPN or DPNH at 340 my. 

The more acid-stable protein component of E. coli t ryptophan synthetase, com- 
ponent A, was purified as previously described x from the supernatant of a MnCI~- 
treated extract  of a strain (B-8) producing large amounts of this component. Chroma- 
tography of a pH-4.o supernatant on a DEAE-cellulose column resulted in a prepara- 
tion of component A which was electrophoretically homogeneous 1, free of t ryptophan 
synthetase component B, and nearly free of triose phosphate isomerase. Component B 
was prepared from a similar MnC1, supernatant of a strain (A-2) rich in this component. 
Ammonium sulfate fractionation followed by chromatography on DEAE-cellulose** 
resulted in a preparation which was free of component A and contained only small 
amounts of DPNH oxidase and triose phosphate isomerase activity. 

Mixtures of components A and B, when added to cuvettes containing InGP, 
DL-serine and pyridoxal phosphate in addition to the glyceraldehyde 3-phosphate 
dehydrogenase system 4, rapidly reduced amounts of DPN stoichiometric to the amount 
of InGP added (Fig. I). (No absorbancy change was observed when glyceraldehyde 
3-phosphate dehydrogenase was omitted.) The same tryptophan synthetase compo- 
nents and substrates, when added to cuvettes containing an a-glycerol phosphate 
dehydrogenase system 4 caused only a slow oxidation of DPNH unless triose phos- 
phate isomerase was also added (Fig. 2); the amount of DPNH oxidation observed 
in the absence of added triose phosphate isomerase was that expected from the small 
amounts of DPNH oxidase and triose phosphate isomerase contaminating the tryp- 
tophan synthetase preparations. I t  can be seen from Figs. I and 2 that no reaction was 
observed when one of the two E. coli components was omitted. 

When reaction (3) was examined by omitting DL-serine and pyridoxal phosphate 
from the cuvettes, entirely analogous results were obtained. Again the amount of 

Abbreviations: InGP, indole-3-glycerol phosphate; DPN, DPNH, oxidized and reduced 
fliphosphopyridine nucleotide; DEAE-, diethylaminoethyl. 

* Glyceraldehyde 3-phosphate dehydrogenase, a-glycerolphosphate dehydrogenase, and a 
mixture of the latter enzyme and triose phosphate isomerase were all products o5 C. F. Boehringer 
ind Sons, Mannheim. 

** A similar purification of component B has been developed by O. SMITH AND C. YANOlVSKY 
personal communication). 
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DPN reduced or oxidized was stoichiometric with the InGP added. The rate of reac- 
tion (3), however, was about one-tenth that  of reaction (2). This finding is in agreement 
with previous results using different assay techniques and conditions ~. Similar activity 
ratios have been reported by YANOFSKY AND RACHMELER 3 using the single component 
t ryptophan synthetase of Neurospora crassa. 
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Fig. I. Cuve t t e s  con ta ined  o.o~ M ~aP~O~, 
buffer,  p H  8.5, o.oo 3 M Na~HAsO~, 1.5 ~ m o l e s  
D P N ,  o.o 3 % DL-serine, o.ooi  % py f idoxa l  phos-  
pha t e ,  and  o. i  ~mo le  InGP.  68 un i t s*  of glycer- 
a l dehyde  3 -phospha t e  dehydrogenase  (G3PD), 
I i .6 un i t s  of c o m p o n e n t  A and  5.6 un i t s  of com-  
p o n e n t  B were added  a t  t imes  ind ica ted  b y  t he  

~ r r o w s .  
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Fig. 2. Cnvettes contained o,o2 ~I  l~aP~O~ 
buffer, pH  8.5, o.3 /~mole D P N H ,  o .3% DL- 
serine, o.ooi % pyr idoxa l  phosphate, o. i  /zmole 
InC-P and i i . 6  units of component A. 5 8 units 
of *<-glycerol p h o s p h a t e  dehydrogenase  (~-GPD) 
or 68 un i t s  of ~-glycerol p h o s p h a t e  dehydro -  
genase  p lus  excess  tr iose p h o s p h a t e  isomera.se 
(TPI) ,  and  5.6 un i t s  of c o m p o n e n t  B were added  

a t  t imes  ind ica ted  b y  t he  arrows.  

RACHMELER 5 found that  when N. crassa t ryptophan synthetase was presented 
with both indole and InGP as substrates for conversion to tryptophan,  indole was 
utilized exclusively. In his experiments the fate of the triose phosphate moiety was 
unknown. When a similar experiment was performed with the E. coli enzyme by 
furnishingindole and InGP in equal concentrations in an experiment such as that  of 
Fig. i, about a 5o % decrease in the rate of DPN reduction was found. Even increasing 
the ratio of indole to InGP to IO : I did not abolish glyceraldehyde 3-phosphate pro- 
duction. These results may  indicate that  E. coli t ryptophan synthetase can utilize 
indole and InGP concurrently in the formation of tryptophan. Additional studies 
bearing on this problem are in progress. 

The present experiments have demonstrated that  glyceraldehyde 3-phosphate is 
the sole product formed from the glycerol phosphate side-chain of InGP during the 
t ryptophan synthetase reaction. Obviously, the coupled reactions illustrated form a 
rapid and convenient way of assaying the purified enzyme in two of its reactions. 
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* A un i t  of e n z y m e  is t h a t  a m o u n t  capable  of caus ing  t he  d i sappea rance  of o.I /umole of 
s u b s t r a t e  or t he  appea rance  of o. i  #mole  of p roduc t  in 2o min  unde r  the  condi t ions  of t he  
expe r imen t .  U n i t s  of c o m p o n e n t s  A a n d  B are de t e rmi ned  in a 3-fold or g rea te r  excess of the  o ther  
c o m p o n e n t .  
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Structure chimique de la moiti~ N-terminale du lysozyme 
deblanc d'oeuf de poule 

Au cours de l'~tude de la structure chimique du lysozyme de blanc d'oeuf de poule, 
le pentapeptide N-terminal d6jk connuZ: H-Lys-Val-Phe-Gly-Arg a pu ~tre int6gr6 
dans une s6quence contenant soixante des quelques I3O acides amin6s de la prot6ine. 
Huit  peptides obtenus par hydrolyse trypsique ("unit6s t ryps iques")du  lysozyme 
r6duit par l'acide thioglycolique puis trait6 par l'acide iodac6tique 2 se sont en effet 
trouv6s plac6s dans cet enchalnement N-terminal compte tenu des r6sultats acquis 
dans l'6tude des peptides form6s au cours de l 'hydrolyse chymotrypsique ("unit6s 
chymotrypsiques") et contenant des r~sidus d'acides amin6s basiques. 

Sur les 8 unit6s trypsiques, 7 avaient d6jk 6t6 d~crites pr6c6demmentL 3: 

T I: Lys libre 
T 2: Arg libre 
T 3 : Val-Phe-Gly-Arg 
T 4: His-Gly-Leu-Asp-Asp (N H 2)-Tyr-Arg 
T 5 : Cys-Glu- Leu-.Ala-Ala-Ala-Met-Lys 
T 6: Phe-Glu-Ser-Asp(NH,)-Phe-Asp(NH2)-Glu(NH,)-Ala-Thr-Thr-  

Asp(NH,)-Arg 
T 7: Asp-(Gly, Ser,Thr,Thr,Asp)-Asp-Tyr-Gly-Ileu-Leu-(Glu,Ileu,Asp,Ser)-Arg 
La structure de la huiti~me unit~: 
T 8: Gly-Tyr-(Gly,Ser,Leu)-Asp(NH,)-Try-Val-Cys-Ala-Ala-Lys 

n'a 6t6 6tablie que r6cemment 4. On sait de plus que T 2 s'enchalne k T 5 car il a 6t6 
possible d'isoler dans l 'hydrolysat trypsique le peptide: Cys-Glu-Leu-Ala-Ala-Ala- 
Met-Lys-Arg. 

Quelques unit6s chymotrypsiques du lysozyme avaient d6jk 6t6 6tudi~es en 
partant de la prot6ine d6natur6e par la chaleur ~. Cependant parmi ces peptides aucun 
ne pouvait contenir de demi-r6sidu de cystine. Cette 6tude a 6t6 reprise en soumettant 
le lysozyme r6duit par l'acide thioglycolique et trait6 par l'acide iodac6tique 3 ~ l'action 
de la chymotrypsine (pH 7.5; 3 h; 37°; rapport enzyme/substrat : i/5o; concentration 
en prot6ine: 1%). On sait qu'apr~s r6duction chaque r6sidu de cystine est transform6 
en deux r6sidus de S-carboxym6thylcyst6ine2,3; tous les autres acides amin6s et 
m~me le tryptophane restent inchang6s, k l 'exception de la m~thionine6: des peptides 
contenant k la lois des r6sidus de cystine et de tryptophane pouvaient ainsi 6tre isol6s; 
c 'est en effet la pr6sence de ces deux acides amin6s qui rend si difficile l'6tude du 
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