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Abst rac t  

The f i n a l  pe r iod  o f  t h i s  g ran t  has been product ive.  We completed, and 
pub1 i shed, e l  ements o f  our  work on t ryptophan b iosynthes i  s i n  Euglena g rac i  1 i s  
and h igher  p lan ts .  The experimental data prov ide  an o u t l i n e  of t he  general evolu- 
t i o n  o f  t h e  pathway. We a l s o  completed the  l a t e s t  i n  our  se r i es  o f  s t r u c t u r a l  
analyses o f  t he  pathway p ro te ins  by q u a n t i t a t i v e  immunochemical methods; t h i s  
work was done w i t h  the  a n t h r a n i l a t e  synthase-phosphoribosyl t rans ferase complex 
i n  Escher ich ia c o l i .  And we have begun an examination o f  t he  evo lu t ion ,  i n  the  
Enterobacteriaceae, of  t he  enzyme a c t i v i t i e s  a n t h r a n i l a t e  synthase and 
anthranilate-5-phosphoribosyl-1-pyrophosphate phosphoribosyltransferase. This 
p r o j e c t  has requ i red  the  p u r i f i c a t i o n  o f  several p ro te ins .  The r e s u l t s  w i l l  be 
discussed i n  d e t a i l  below. 

I n t r o d u c t i o n  

During the  pas t  twenty years much has been learned l a r g e l y  i n  microorganisms, 
about the  b iosynthes is  o f  t he  amino a c i d  L-tryptophan. 
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Pathway f o r  L-tryptophan b iosynthes is .  Abbreviat ions f o r  t he  enzymes are: 
AS, a n t h r a n i l a t e  synthase; PRT, a n t h r a n i l a t e  phosphoribosyl t ransferase;  
PRAI, phosphoribosylanthranilate isomerase; InGPs, i ndo leg l yce ro l  phosphate 
synthase; TS, t ryptophan synthase; TS-A, t ryptophan synthase a p ro te in ;  
TS-B, t ryptophan synthase 6, p r o t e i n .  



The data have con t r i bu ted  t o  many o f  t he  general p r i n c i p l e s  formulated 
on the  b io logy  o f  c e l l s  and organisms. Among these a re  (1 ) elements o f  t he  re -  
1 a t i o n s h i  p between s t r u c t u r a l  genes and t h e i  r products, i n c l  ud i  ng co l  i near i  t y  , 
the  code, and mutat ion and i t s  consequence; (2 )  amino a c i d  regu la t i on ,  exemp l i f i ed  
by the  d i v e r s i t y  o f  s t r u c t u r a l  gene assemblies o f  t he  pathway i n  microorganisms 
and the  presence and mode o f  a c t i o n  o f  both p o s i t i v e  and negat ive c o n t r o l  elements. 

The work on the  pathway enzymes has concerned i t s e l f  w i t h  t h e i r  sequence, 
s t ruc tu re ,  aggregat ion pa t te rns ,  subun i t  i n t e r a c t i o n s  and c a t a l y t i c  func t ions .  
By f a r  most o f  t he  i n fo rma t ion  has been obta ined w i t h  t ryptophan synthase and 
a n t h r a n i l a t e  synthase from Escher ich ia c o l i  and Salmonella t himurium, members 
of t h e  Enterobacter iaceae. w e w i t h  t ryptophan s j b m u l a  a2 f2 )  
the complete sequence o f  t he  a subun i t  i s  known f o r  t he  molecule i n  E s c h e r i c h ~ a  . 

-- r 'J - c o l i ,  Salmonella typhimurium and Enterobacter aerogenes. P a r t i a l  sequences 
exist f o r  bo th  the  a and B subuni ts  f o r  o the r  b a c t e r i a  i n  t h i s  f a m i l y  as w e l l  as 
f o r  Pseudomonas p u t i d a  and B a c i l l u s  s u b t i l i s .  There i s  i n fo rma t ion  on the  energy 
o f  bonding o f  t h e  subuni ts  t o  one another s tudied.under var ious  cond i t ions  i n c l u d i n g  
subs t ra te  and co fac to r  ( p y r i  doxal phosphate) concentrat ion,  amino a c i d  rep1 ace- 
ment and subun i t  s u b s t i t u t i o n  by homologues from o t h e r  organisms. 

I n  recent  years ana lys i s  o f  t he  pathway has been extended t o  organisms 
, o t h e r  than those t r a d i t i o n a l l y  s tudied,  the. bac ter ia -  and the  h igher  fungi, yeas t  

and Neurospora 'crassa. I n  p a r t i c u l a r ,  du r ing  the  tenure o f  t h i s  grant ,  we have 
obta ined i n fo rma t ion  on the  pathway i n  eucaryo t ic ,  photosynthet ic  organisms 
ranging from Eug1 ena g r a c i  1 i s  t o  h i  gher p l  ants i n c l  ud i  ng representa t ives  o f  the  
mono- and d icoty ledons.  

I n  our  work w i t h  microorganisms we have made c o n t r i b u t i o n s  t o  some o f  t he  
ca tegor ies  mentioned above, namely, t he  s t r u c t u r e ,  assembly, f u n c t i o n  and r e l a t i o n -  
s h i p  o f  several  o f  t h e  pathway p ro te ins .  

Summary o f  Recent Resul ts  

I. Photosynthet ic  Eucaryot ic  Organisms 

A) Higher P lan ts  

I n  prev ious years du r ing  the  tenure o f  t h i s  g ran t  we had obta ined the  f o  l l o w ~ n g  
in fo rmat ion .  (.I ) The chemical steps of t h e  pathway were i n v a r i a n t  wherever 
we 1 ooked; t h i s  i n c l  uded . mono-. and d i c o t y l  edons , tobacco, corn, peasv > and beans 
and the  s i  ng l  e-cel 1 ed Euglena , Chl ore1 1 a and Chl amydomonas . (2 )  I n  tobacco 
(and as shown by o thers  i n  peas) t ryptophan synthase i s  a heteropolymer. The 
b a c t e r i a l  form o f  t he  enzyme i s  a heteropolymeric tetramer; t he  Neurospora enzyme 
i s  a homodimer encoded by a s i n g l e  gene. (3 )  We found feed-back i n h i b i t i o n  by 
t ryptophan o f  t he  pathway -- i n  v i  vo. ( 4 )  We found $!DL-tryptophan racemase i n  
tobacco, apparent ly  the  f i r s t  amino a c i d  racemase observed i n  h igher  p lan ts .  

I n  our  recent  work we measured the  molecular  weights and observed the  aggrega- 
t i o n  pa t te rns  o f  t he  pathway enzymes i n  corn and i n  peas. Major p o i n t s  o f  i n t e r e s t  
t h a t  emerged were as fo l l ows .  (1 ) The enzyme a c t i v i t i e s  were a1 1 separate e i t h e r  



, on DEAE o r .  'n sephadex 6-1 50 chromatography. ( 2 )  The molecu1a.r weights of t h e  
i n d i v i d u a l  enzymes were s i m i l a r  t o  one another and t o  those o f  t h e  b a c t e r i a  
Pseudomonas pu t i da  and Baci 11 us s u b t i  1 i s .  There was one except ion. I ndo leg l yce ro l  - 
phosphate synthase a c t i v i t y  i n  peas e l u t e d  a t  a p o s i t i o n  corresponding t o  52,000 
da l tons  i n  c o n t r a s t  t o  t he  30,000 da l tons  c h a r a c t e r i s t i c  o f  corn  and t h e  two 
b a c t e r i a l  forms o f  t he  enzyme. (3 )  There was one a d d i t i o n a l  d i f f e r e n c e  between 
corn  and peas. The corn phosphoribosyltransferase had an unusual requirement o f  
1 .OM KC1 f o r  s t a b i l i t y .  (4 )  The data show conc lus i ve l y  t h a t  n e i t h e r  gene fus ion nor  
s t a b l e  enzyme aggregat ion a r e  general fea tures  o f  eucaryo t ic  c e l l s .  

We a l s o  examined i n  some d e t a i l  t he  k i n e t i c s  o f  a n t h r a n i l a t e  synthase o f  
peas and corn. We found t h a t  the  k i n e t i c  behavior,ordered sequent ia l ,  was analogous 
t o  t h a t  o f  t he  b a c t e r i a l  enzyme and u n l i k e  the  p ing  pong k i n e t i c s  d isp layed 
by the  Euglena enzyme. 

I n  summary, t he  evidence t o  date i s  t h a t  t he  pathway enzymes i n  h igher  p l a n t s  
s t r o n g l y  resemble those o f  t he  p roca ryo t i c  b a c t e r i a  and n o t  those o f  t h e  euca ryo t i c  
h igher  f ung i  and Euglena. 

B) Euglena g r a c i l  i s  

We had found e a r l i e r  t h a t  the  pathway enzymes o f  Euglena formed an unprecedented 
aggregate t h a t  inc luded a1 1 enzyme a c t i v i t i e s  save f o r  an thran i  l a t e  synthase. 
( I t  i s  t he  o n l y  example known o f  a non-separate t ryptophan synthase).  I n  ou r  
recent  work we have p u r i f i e d  the  aggregate and a n t h r a n i l a t e  synthase which d i s p l a y  
the  f o l l o w i n g  fea tures .  

(1 ) A n t h r a n i l a t e  synthase was p u r i f i e d  10,000-fold. Strong evidence was obta ined 
t h a t  t h e  molecule i s  80,000 da l tons  and a s i n g l e  chain. No o the r  case i s  known 
y e t  i n  na ture  i n  which the  s i t e  of a c t i v a t i o n  o f  glutamine i s  cova len t l y  l i n k e d  
t o  the  s i t e  o f  a c t i v a t i o n  o f  chorismate. The r a t i o  o f  the  NH3 dependent t o  
glutamine dependent a c t i v i t y  o f  t he  fused enzyme was 0.3, the  lowest  r a t i o  y e t  r e -  
por ted.  ( 2 )  (a )  A d e t a i l e d  k i n e t i c  s tudy o f  t h e  enzyme showed t h a t  t h e  o rde r  o f  
a d d i t i o n  o f  t he  co fac to r ,  Mg2+, and substrates was, most probably, ~ g ~ + ,  
~ h o r i s m a t e ,  then g l  utamine. (b )  I n h i b i t o r  s tud ies  c l e a r l y  revealed the  involvement 
o f  an - SH group i n  glutamine a c t i v a t i o n ;  t h i s  has been repo r ted  f o r  t he  b a c t e r i a l  
enzymes. ( c )  Ping pong k i n e t i c s  were observed; unique r e a c t i o n  k i n e t i c s  coupled 
t o  a unique s t r u c t u r e .  (d)  This  creates a dilemma. Ping pong k i n e t i c s  demand a 
d i f f e r e n t  r e a c t i o n  mechanism than ordered sequent ia l  k i n e t i c s .  Does the  Euglena 
enzyme un ique ly  r e q u i r e  a l eav ing  product  be fore  the  r e a c t i o n  i s  complete? 
It was c l e a r l y  shown t h a t  i f  so, t he  f i r s t  l eav ing  product,  requ i red  by a p ing  
pong mechanism, was n o t  pyruvate. (e )  Thus we were l e d  t o  the  p o s s i b i l i t i e s  t h a t  e i t h e r  
we had t r u e  p ing  pong k i n e t i c s  and t h e  f i r s t  l e a v i n g  product  was e i t h e r  OH o r  
H20 o r  some o the r  inobvious group, o r  we had pseudo p i n g  pong k i n e t i c s ,  a circumstance 
t h a t  can occur through p a r t i c u l a r  values o f  t he  k i n e t i c  constants. (3 )  The 
4-enzyme a c t i v i t y  aggregate was p u r i f i e d .  It was found t h a t  a l l  o f  t h e  a c t i v i t i e s  
were cova len t l y  l i n k e d  as a homodimer w i t h  a molecular  weight o f  325,000 2 20,000 
f o r  the  enzyme and 155,000 i- 5,000 f o r  t he  subuni t .  The sum o f  t he  minimum 
molecular  weights of t h e  corresponding a c t i v i t i e s  i n  b a c t e r i a  add up t o  about 
150,000. The remarkable accommodation o f  a l l  f o u r  a c t i v i t i e s  on a s i n g l e  cha in  does 



n o t  seem t o  have demanded much change i n  the  t o t a l  amount o f  s t r u c t u r a l  DNA. 

The m u l t i p l e  gene fus ions  o f  Euglena and those t h a t  a r e  becoming ev iden t  i n  t he  
h igher  f ung i  show, i n  addi . t ion t o  t h e i r  common and unique possession o f  t he  
a-ketoadi pa te  pathway o f  l y s i  ne b iosynthes i  s  , the  c lose  evo lu t i ona ry  r e l a t i o n -  
sh ip  between these organisms. Fur ther ,  t h a t  gene f u s i o n  i s  t he  d i r e c t i o n  o f  
evol  u t i o n  i n  passing from p roca ryo t i c  t o  eucaryo t ic  organisms , proposed by 
Bonner, De .Moss and mysel f  many years ago on the  basis  o f  . the work i n  - -  E. c o l  i 

, and Neurospora, i s  a l s o  c l e a r l y  i n c o r r e c t .  The h igher  f ung i  and Euglena represent  
an evo lu t i ona ry  branch po in t ,  i n t e r e s t i n g  and b i o l o g i c a l l y  t.u.rbuTe.mt, but.  nonethe- 
l e s s  a  branch p o i n t .  

With respect  t o  o the r  s i n g l e - c e l l e d  photosynthet ic  organisms, we examined 
C h l o r e l l a  and Chlamydomonas; b u t  decided n o t  t o  do d e t a i l e d  s tud ies  when i t  developed 
t h a t  they showed the  unaggregated enzyme p a t t e r n  s i m i l a r  t o  the  h ighe r  p l a n t s  
and the  m a j o r i t y  o f  bac te r i a .  These data r e i n f o r c e  the  impression t h a t  mu1 t i p l e  
s t r u c t u r a l  gene f u s i o n  i n  amino a c i d  b i o s y n t h e t i c  pathways i s  conf ined t o  the  
h igher  f u n g i .  The present  evidence appears t o  be t h a t  t he  genes o f  a  g iven pathway 
a re  sca t te red  among the  fungal  chromosomes. However those genes fuse t h a t  evolve 
cont iguous ly  on the  same chromosome. This represents an a r i t h m e t i c a l l y  immaculate 
way o f  r e g u l a t i n g  the  r a t i o  o f  .the syn thes is  o f  fo rmer ly  independent chains. 

11. Bac te r i a  

(a )  P u r i f i c a t i o n  and Enzyme Studies on M i  croevol u t i o n  

During t h i s  g ran t  p e r i o d  our  e f f o r t s  have been concentrated on t h e  enzymes 
anthran i la tesynthase and phosphor ibosyl t ransferase i n  t he  Enterobacter iaceae. 
I t  had p rev ious l y  been shown t h a t  these two enzymes were aggregated i n  some b u t  
n o t  a l l  o f  t he  members o f  t h i s  b a c t e r i a l  f am i l y ;  Escher ich ia c o l i  i s  an example. 
I n  those b a c t e r i a  wherein the  enzymes were separate, molecular  weight  determinat ions 
i n  crude e x t r a c t s  revealed s i m i l a r  an thran i  l a t e  synthases b u t  two d i f f e r e n t  
phosphori bosy t ransferases , one o f  68,000 dal  tons i n  Proteus and Erwi n i  a  and 
one o f  45,000 da l  tons found i n  t h e  genus Ser ra t i a .  I ~ r i c h i a  c o l  i , Salmonel 1  a  
typhimurium and Enterobacter.aerogenes, pbospboribosyl ' t rans ferase was..kliown. 
t o  be fused t o  glutamine amidotransferase, the  subun i t  o f  a n t h r a n i l a t e  synthase 
t h a t  a c t i v a t e s  glutamine i n  t he  f i r s t  r e a c t i o n  o f  t he  pathway. The consequence 
of the  f u s i o n  was t h a t  phosphoribosyl t rans ferase and a n t h r a n i l a t e  synthase 
were aggregated. The s i z e  o f  the  fused po lypept ide  was about 65,000 and the  two 
func t i ons  had been shown t o  be associated w i t h  d i f f e r e n t  segments o f  t he  po lypept ide  
chain, w i t h  the  g1 utamine-binding s i t e  comprising one t h i r d  o f  t he  cha in  s t a r t i n g  
from the  amino terminus. P r o t e o l v t i c  d i a e s t i o n  o f  t h e  fused enz-yme o f  e i t h e r  
Escher ich ia co l  i o r  Salmonel 1  a  t i p h i m u r i  ;m destroyed the  phosph&i bosyl t rans ferase 
a c t i v i  t.y b u t m t  i n t a c t  a  .fragment, o f  molecular  weight  about 23,000, t h a t  
re ta ined  t h e  q lu tamine-ac t iva t ina  s i t e  and formed an a n t h r a n i l a t e  synthase a l t o -  
gether  comparable t o  the  enzyme Found i n  S e r r a t i a  Xrcescens.  

P u r i f i c a t i o n  o f  the  S e r r a t i a  a n t h r a n i l a t e  synthase revealed t h e  molecular  weight 
o f  the  glutamine amidotransferase subun i t  as 21,000; 21,000 p lus  45,000 f o r  t he  
S e r r a t i a  phosphoribosyl t rans ferase added up t o  the  molecular  weight  o f  the  



Escher ich ia fused enzyme and l e d  t o  the  p o s t u l a t i o n  o f  a gene fus ion .  

Outside o f  the de terminat ion  o f  t h e i r  molecular  weight  r e l a t i v e l y  1 i t t l e  
had been. done w i t h  the  phosphoribosyl t ransferases.  It appeared t o  us t o  be an 
excel l e n t  system, w i t h i n  a we1 1 de f ined and we1 1 descr ibed group o f  bac te r i a ,  
t o  o b t a i n  i n fo rma t ion  on the  microevol u t i o n  o f  an enzyme. We began ou r  s tud ies  
w i  t h .  t he  p u r i f i c a t i o n  of the  enzyme from' Se tka t i a  marcescens and Erwi n i a  carotovora , 
together  w i t h  a n t h r a n i l a t e  synthase from Erwin ia  s ince  the  molecular  weight  o f  t he  
g l  utamine amidotransferase was requ i red .  T h e t a  a re  summarized, together  w i t h  
the data from Escher ich ia,  i n  Table 1 .  

Table 1 

Gene Products Enzyme Formula 
TrpE Trp(G-D) TrpG TrpD AS - P RT - 

p r o t e o l y s i  s 
E. c o l i  65,000 65,000 d 23,000 - - -  E ~ ( G - D ) ~  

S. marcescens - 65,000 

.E.. - carotarova 65 ,OOO* 

AS = a n t h r a n i l a t e  synthase PRT = phosphori bosyl t rans ferase 
The formulas a r e  given i n  terms o f  t he  gene symbols. G-D represents the  fused enzyme. 

The. s t a r r e d  e n t r i e s  a re  the  p ro te ins  p u r i f i e d  and analyzed by us. 

The amino-terminal amino a c i d  sequences o f  t he  two phosphoribosyl t ransferases a r e  
as fo l l ows :  

1 5 10 
Erwi n i  a Met-Glu-Ala-Thr-Leu-Ile-Lys-Pro-Thr-Ile-Phe-Thr- 

v ' 
1 /. 

"- 

13 15 2 0 
H i  s-Gl u-Pro-I1 e-Leu-Gl u=Lys-Leu-Phe-Lys-Ser-GI n- 

S e r r a t i a  Met-Gl u-Pro-I1 e-Leu-Gl u-Lys-Leu-Tyr-Arg-A1 a-GI u- 

25 3 0 3 5 
Ser-Met-Thr-Gln-Glu-Glu-Ser-? -Gln-Leu-Phe- 
Ser-Met-Ser-Gl n-Gl n-Gl u-Ser-Gl n-Gl n-Leu-Phe- 



As i s  customary t h e  ana lys i s  o f  t he  p u r i f i e d  p r o t e i n s  brought o u t  some i n t e r e s t i n g  
fea tures .  The p rev ious l y  repo r ted  .'67,000 da l ton  Erwin ia  phosphoribosyl t r ans fe rase  
was found t o  be a  homodimer w i t h  a  subun i t  of molecular  weight  equal t o  40,000. 
Whi le the  t rpD gene product  was smal le r  than t h a t  o f  S e r r a t i a  t he  trpG gene 
product  was found t o  be l a r g e r ,  23,500 as compared w i t h  21,000; thus t h e  t rpG 
and t rpD  gene products o f  bo th  Erwin ia and S e r r a t i a  add up t o  the  Escher ich ia 
fused product.  The amino a c i d  ana lys i s  showed t h a t  o f  t he  25 amino ac ids  i n  r e g i s t e r  
(neg lec t i ng  the  f i r s t  methionine i n  S e r r a t i a )  18 a re  i d e n t i c a l  and seven, a l l  
s i n g l e  base changes, a re  conserva t ive  changes, p reserv ing  charge, geometry and 
so l  ub i  1  i ty. However, and somewhat unexpected, t he  1  arger  S e r r a t i a  molecule came 
i n t o  r e g i s t e r  w i t h  amino a c i d  13 o f  t h e  smal l  Erw in ia  gene product.  I f  the  
molecular  weight est imate obta ined by dodecyl su l  f a t e  a c r y l  amide gel  e lec t rophores is  
proves t o  be equ iva len t  t o  an amino a c i d  d i f f e r e n c e  o f  about 20 t o  40 then the  
S e r r a t i a  monomer has a  carboxy terminus o f  about 35-55 amino ac ids  longer  than 
the  Erwi n i a  subun i t  . 

An o u t l i n e  o f  t he  general r e l a t i o n s h i p  among the  phosphoribosyl t rans ferases  
and t h e  g l  utamine amidotransferases i s  now emerging. A t e n t a t i v e  hypothesis can 
be formulated t o  try and account f o r  the  m u l t i p l e  s t r u c t u r a l  forms o f  t he  phospho- 
r i b o s y l  t rans ferase as compared t o  t h e  r e l a t i v e  conservat ion o f  t he  o the r  pathway 
s t r u c t u r a l  gene products. F i rs t ; i t  has been pos tu la ted  t h a t  a l l  the  Entero- 
bacter iaceae possess a  t ryptophan operon s i m i l a r  t o  t h a t  o f  Escher ich ia.  This  
imp l i es  t h a t  t h e  t rpG and t r p D  genes l i e  adjacent  t o  one another and t h a t  t he  Escher ich ia 
trp - G-D - gene represents a  f u s i o n  o f  contiguous genes. If the f u s i o n  occurred i n  
a  precursor  organism t o  the  Enterobacter iaceae then what we see i s  d i f f e r e n t  
p o i n t s  o f  d i vo rce  o f  t h e  fused gene fo l l owed  by processing as the  f a m i l y  members 
adapted t o  t h e i r  var ious  n iches.  I f  f u s i o n  occurred a f t e r  t he  appearance o f  t he  
Enterobacter iaceae then t h e  argument might  go as fo l l ows .  It i s  known t h a t  the  
t ryptophan b i o s y n t h e t i c  pathway can f u n c t i o n  w i t h o u t  glutamine. The normal ly  
aggregated Escher ich ia t rpE  gene product  alone, as i s  t r u e  o f  every t r p E  gene 
product  tested,  cata lyzes t h e  formation o f  a n t h r a n i l a t e  w i t h  NH3 as subs t ra te  and 
t rpG mutant s t r a i n s  grow when supplemented w i t h  a  source o f  NH3. TrpG, which 
in t roduced g l  utamine i n t o  t h e  pathway, thus may be pos tu la ted  as a  recent  a r r i v a l  . 
The f l u c t u a t i o n  o f  the  phosphori bosyl t rans ferase then m i r r o r s  t h e  f a c t  t h a t  
i t  i s  through t rpD  t h a t  the  pathway has accommodated t o  the  i n t r u s i o n  o f  trpG. 
The o the r  pathway genes, i n c l u d i n g  t rpE  have been l e f t  undist rubed and e x h i b i t  
the  normal i n t e r g e n e r i c  v a r i a t i o n .  This  working hypothesis forms the  bas is  o f  
our  f u r t h e r  e f f o r t s  t o  i s o l a t e  a d d i t i o n a l  rep resen ta t i ve  o f  t he  enzyme and t o  
l e a r n  more about t h e i r  p rope r t i es .  

(b )  The S t ruc tu re  o f  t h e  Aggregate i n  Escher ich ia c o l i  

We examined t h e  s t r u c t u r e  o f  t he  a n t h r a n i l a t e  synthase - phosphor ibosyl t ransferase 
aggregate by q u a n t i t a t i v e  mico-complement f i x a t i o n  and I 125 r a d i o l a b e l  1  ed ant igens.  
We obta ined the f o l l o w i n g  in format ion.  (1 )  Component I o f  the  aggregate ( formula 

. 

~ ~ C O I ) ~ ( , C O I I ) ~ )  - t h e  polypept ide-  p rescr ibed by t rpE  and which .ac t iva tes  .chorismate.and 
NH3, d i f f e r s  l i t t l e  i n  t e r t i a r y  s t r u c t u r e  whether f r e e  o r  aggregated. (2)  
Component 11, encoded by t rpD and t h e  a c t i v a t o r  o f  glutamine, a n t h r a n i l a t e  and 
PRPP, undergoes marked changes i n  t e r t a r y  s t r u c t u r e  d i s p l a y i n g  ex tens ive  hetero-  
genei t y  when disaggregated. (3 )  The g lu tamine-ac t iva t ing  reg ion  of Co I I  , the  



r e g i o n  t h a t  l i n k s  t h e  two cha ins  i n t o  t h e  aggregate, was found t o  c o n t r i b u t e  
no a n t i b o d i e s  t o  t he  a n t i s e r a  (bo th  goat  and r a b b i t ) .  An t ibod ies  t o  t h i s  r e g i o n  
were e a s i l y  demonstrable when unbound Component I 1  was i n j e c t e d  i n t o  an imals .  
There fo re  i t  appears t h a t  t h e  e n t i r e  r e g i o n  i s  b u r i e d  i n  t h e  complex. Th is  
exp la i ns  t he  e s s e n t i a l l y  i r r e v e r s i b l e  b u t  non-covalent  bonding between t h e  subun i t  
components. Fu r the r  t he  immunochemically observed he te rogene i t y  o f  t h e  i s o l a t e d  
t r p D  gene p roduc t  exp la i ns  why i t  has n o t  y e t  been r e p o r t e d  p u r i f i e d .  

I I I. P u r i f i c a t i o n  and Assay procedures. 

( 1 )  We developed an improved s o l i d  phase an t ibody  method f o r  t h e  
p u r i f i c a t i o n  o f  p r o t e i n s .  By coup1 i n g  normal y -g l obu l  i n  t o  t h e  app rop r i a te  s o l  i,d 
suppor t  media and us ing  i t  as a  p r e f i l t e r  be fo re  t he  an t i body  column we were 
a b l e  t o  ob ta i n ,  i n  reasonably  good y i e l d ,  e l e c t r o p h o r e t i c a l l y  c l ean  p r o t e i n .  
We used t h e  method t o  p u r i f y  t h e  B2 component o f  t r yp tophan synthase and a  mutant 
form o f  t h e  B2 p r o t e i n .  

( 2 )  I n  examining t h e  enzymes o f  t r yp tophan syn thes i s  i n  p l a n t s  we 
were.unable t o  u t i l i z e  t h e  e x i s t i n g  assays f o r  indo leg lycero lphosphate  synthase. 
Accord ing ly ,  by t a k i n g  advantage o f  t h e  f luo rescence  o f  t h e  r e a c t i o n  p roduc t  
we dev ised a  r a p i d  and s e n s i t i v e  spectrophotofluorometric assay f o r  t h e  enzyme 
t h a t  i s  i n d i f f e r e n t  t o  t h e  presence o f  g l y c e r o l ,  o f t e n  a  necessary s t a b i l i z i n g  
agent where low concen t ra t i ons  o f  enzyme a r e  sought. Wi th  t h e  a d d i t i o n  o f  t h i s  
method t h e  f i r s t  f o u r  r e a c t i o n s  o f  t h e  pathway can be conven ien t l y  and q u i c k l y  
measured by f 1  uorometry . 

Symma ry 

The research  we have completed c o n t r i b u t e d  evidence f o r  t h e  f o l l o w i n g  
p r o p o s i t i o n s  . 

(1  ) Examinat ion of t he  pathway of  t r yp tophan b iosyn thes i s  i n  r ep resen ta t i ves  
of severa l  major  t axa  revea l s  t h a t  t h e  h i ghe r  p l a n t s  share t h e  same enzyme p a t t e r n ,  
l a c k  of  aggregat ion,  w i t h  t h e  e u c a r y o t i c  a lgae  and t h e  m a j o r i t y  o f  p r o c a r y o t i c  
b a c t e r i a .  Th i s  occurs i n  t he  face  o f  t h e  p r i n c i p l e  t h a t  p r o c a r y o t i c  c e l l s  g e n e r a l l y  
r e g u l a t e  amino a c i d  syn thes i s  by nega t i ve  c o n t r o l  and e u c a r y o t i c  c e l l s  by p o s i t i v e  
c o n t r o l .  The gene t i c  arrangement o f  t h e  pathway s t r u c t u r a l  genes i n  h i g h e r  p l a n t s  
i s  unknown. 

( 2 )  I n  t h e  e u c a r y o t i c  fungi ,  i n  which p o s i t i v e  c o n t r o l  appears t o  be p re -  
dominant, t h e  pathway genes a r e  sca t t e red .  Those t h a t  remain on t h e  same chromosome 
appear t o  fuse.  I n  Euglena g r a c i l i s ,  a  pho tosyn the t i c ,  p h y s i o l o g i c a l  neares t -  
ne ighbor  o f  th.e h i ghe r  fungi ,  t h e r e  i s  no i n f o r m a t i o n  on t h e  l o c a t i o n .  o f  t h e  s t r u c -  
t u r a l  genes of t h e  pathway, b u t  they  have been reduced t o  two. Th i s  i s  i n f e r r e d  
f rom t h e  f a c t  t h a t  two po l ypep t i de  chains comprise t h e  e n t i r e  pathway (made up o f  
seven chains i n  t h e  Pseudomenads). Th i s  i s  an extreme method o f  r e g u l a t i n g  t h e  
po l ypep t i de  cha ins  i n  a  b i o s y n t h e t i c  pathway. 

( 3 )  The use o f  quan t i  t a t i  ve immunochemi c a l  procedures has revea l  ed some s  t r u c -  
t u r a l  d e t a i  1  s  on t he  a n t h r a n i  1 a t e  syn thase- r i  bosy l  t r a n s f e r a s e  aggregate i n  
Escher ich ia  c o l  i. I t  was i n f e r r e d  t h a t  t h e  e n t i r e  prox imal  p o r t i o n  o f  t h e  t r p D  gene 
product ,  about  113 o f  t h e  65,000 d a l t o n  po l ypep t i de  chain,  i s  e n t i r e l y  b u r i e d  i n  t h e  
complex. Th is  i n f e r e n c e  pu t s  i n t o  pe rspec t i ve  many o f  t h e  known b iochemica l  p roper -  
t i e s  o f  t he  aggregate.  



( 4 )  Progress has been made i n  r e v e a l i n g  the  d e t a i l s  o f  t he  th ree  s t r i k i n g l y  
d i f f e r e n t  forms o f  t he  phosphoribosyl  t r ans fe rase  i n  t he  Enterobacter iaceae. 
A theorem has been proposed f o r  t he  m ic roevo lu t i on  o f  the  corresponding s t r u c t u r a l  
gene f rom a  f r e e  t o  the  form fused w i t h  t he  gene o f  t h e  g lu tam ine -ac t i va t i ng  
subuni t .  The theorem has consequences t h a t  can be tes ted .  

I thank those a f f i l i a t e d  w i t h  ERDA and i t s  predecessor agency, t h e  AEC, 
f o r  t h e i r  support .  I f ,  by chance, t he  agency should come t o  r e g r e t  t h e i r  
t e rm ina t i on  o f  t h i s  research, which w i l l  con t inue  w i t h  t h e  above work p lus  an 
i n v e s t i g a t i o n  o f  i n d o l e  a c e t i c  a c i d  b iosyn thes is  and c o n t r o l ,  I would be 
de l  i ghted t o  resume our  re1  a t i onsh ip .  
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