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The assem bly mechanibin o f  th e  apo -try p to p h an  sy n thase  complex o f 

S. c o l i  was in v e s t ig a te d  in  th e  p resence o f rh o d am in e-iso th io cy an a te  

(RITC) and an ilin o -n a p h th a !e n e -su lp h o n a te  (M S)  f lu o re sc e n c e  dyes, 

a s  w ell a s  b rom o-phenol-blue (BPB) absorbance d y e , using a stopped - 

flow  ap p a ra tu s . Fu ll enzyme a c t i v i t y  o f th e  try p tophan  syn thase  

co-nplex i s  ach ieved  in  two s te p s  in v o lv in g  th e  b in d ing  o f a -s u b u n it  

and pyrodoxa? - 5 1 -phosphate  (PLP) l ig a n d s  to  th e  apos2-d im er to  form 

th e  a 2B2(PlP);>-C0!nplex. The f i r s t  s te p  o f a c t i v a t io n ,  which i s

th e  form ation  o f  a 2ap °82*complex> i s  in v e s t ig a te d  h e re .

E q u ilib riu m  d ia ly s i s  m easurements were used to  o b ta in  th e  therm o­

dynamic b in d in g  param eters f o r  th e  o^apoBz-complex. In sodium -pyro- 

phosphate b u f f e r  pH 7 .5  two a -s u b u n its  bind c o o p e ra tiv e ly  to  apoB2- 

dt'mer b u t tn  po tassium -phospha te  b u f fe r  pH 7 .5  th e  bind ing  i s  e i t h e r  

non -co o p e ra tiv e  o r n eg a tiv e ly  co o p e ra tiv e .

The i n t r i n s i c  p ro te in  absorbance and f lu o re sc e n c e  changes r e s u l t in g  

from assem bly o f su b u n its  in to  th e  a 2apo82~complex a re  sm all. Larger 

s ig n a l changes a re  o b ta ined  by perform ing th e  su b u n it assem bly in 

th e  p resence o f  BPB absorbance and AMS and RITC f lu o re scen ce  dyes. 

In low c o n c e n tra tio n .’ th e se  dyes were found n o t to  a f f e c t  th e  r a te  

o r  e x te n t o f assem bly to  any s ig n i f ic a n t  deg ree .

F luorescence t i t r a t i o n s  o f ANS and absorbance t i t r a t i o n s  o f  BPB 

show th a t  th e se  dyes bind r e v e r s ib ly  to  th e  a - s u b u n i t ,  th e  apoB2- 

su b u n it and th e  a 2apo62-coniplex, Large f lu o re sc e n c e  or absorbance 

changes a re  o b ta in ed  when excess a -s u b u n it  i s  mixed w ith  apoe2- s u b u n it



in  th e  p resence o f ANS o r BPB. The s ig n a l changes observed were 

used to  m o n ito r th e  cou rse  o f  <z2apoe2-comp1ex assem bly. However, 

when ex cess  apoe2-su b u n it  was mixed w ith  a -s u b u n it  th e  f lu o re scen ce  

of th e  RITC dye, co v a le n tly  bound to  a - s u b u n i t ,  was m onitored.

Using a stopped -flow  a p p a ra tu s , excess  ap o s^ -su b u n it was r a p id ly  

mixed w ith  a -su b u n it  end th e  f lu o re sc e n c e  o f th e  RITC dys was moni­

to re d .  A ddition  o f a - s u b u n it  was shown to  proceed in  two s te p s ;  

an i n i t i a l  ag-pro tom er i s  formed which  su b seq u en tly  iso m erise s  to  

th e  e q u ilib r iu m  s t a t e .

Mixing excess a -su b u n it  w ith  apoB z-subun it, in  th e  p resence o f  ANS 

o r BPB dyes, produced more complex s ig n a l changes. Here a d d itio n  

o f a -su b u n it  proceeds in  th r e e  s te p s ;  a d d itio n  o f two r.-subum 'ts 

to  form th e  a 182° and a 2B2 in te rm e d ia te s  w fth subsequent tso m e risa tio n  

to  th e  eq u ilib r iu m  s t a t e .

S ince both th e  p a r t i a l l y  s a tu ra te d  aBa'Complex and th e  s a tu ra te d  

a 2B2-complex undergo s im i la r  iso m e risa tio n  r e a c t io n s ,  th e  two aB- 

p-otom ers w ith in  th e  a 2B2-com plex behave independen tly .
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1. INTRODUCTION

1 .1  S tru c tu re  o f g. c o l i  T ryptophan Synthase

Tryptophan syn thase  [ L -se rin e  h y d ro -lyase  (adding  in d o le g ly c e ro l-  

phosphate) EC 4 .2 .1 .2 0 ]  i s  a m uU im erlc  enzyme c a ta ly z in g  th e  term inal 

re a c tio n  in  th e  b io sy n th e s is  o f tryp tophan  ( re a c t io n  3 in  Table 1). 

Ths p resence o f tryp tophan  sy n thase  in  b a c te r ia  and y e a s ts  has been 

review ed by Crawford (1975). Tryptophan sy n th ase  from E. c o l i  

c o n s is t s  o f  two a -su b u n its  and one 62-d im er which combine to  farm  

th e  te tra m e r ic  a 282-corr'pIex. Yanofsky fi Crawford (1972) have reviewed 

th e  s t r u c tu r e  and re a c t iv e  p ro p e r t ie s  o f  the  n a t iv e  enzyme and Miles 

(1973) has review ed th e  s t r u c tu r e ,  fu n c tio n  and su b u n it in te r a c t io n s  

o f  the  try p to p h an  synthase-com plex .

The o -su b u n U  has a m olecu lar w eight o f  28 727 w ith  268 amino ac id  

re s id u e s  o f known sequence b u t la c k s  any try p to p h an  re s id u e s  (Yanofsky 

ee  a l . , 1981). The a -su b u m 't i s  norm ally monomeric and does not 

form dim ers o r h ig h e r  o rd e r  m ultim ers (Jackson & Yanofsky, 1969).

The c o fa c to r ,  p" rx a l-S '-p h o sp h a te  (PLP) which i s  e s s e n t ia l  f o r  

re a c t io n s  2 and 3 (see  Table 1 ), is  bound through  a S c h if f  base 

lin k ag e  to  an e-aiivno group o f  a ly s in e  re s id u e  w ith in  th e  a c tiv e  

s i t e  o f th e  62-d im er (F?uri cfi a Z . , 1971). The S2-d im er has a mole­

c u la r  w eight o f  85 976 w iv  397 re s id u es  o f known sequence (Yanofsky 

e t  c Z . , x » J" ' Each s -ch a in  has two tryp tophan  re s id u e s  which 

accoun ts  fo r  th e  h igher a b so rp tio n  a t  280 nm than t h a t  o f th e  a- 

su b u n it.  Although the 62- s u b u n it  e x h ib i ts  d is s o c ia t io n  in to  monomers, 

i t  e x is t s  p redom inan tly  as a dimer in  both th e  h o le  (+PLP) and 

apo(-PLP) forms (Hathaway, 1972).



TABLE 1

R eac tio n s ca ta ly se d  by try p to p h an  syn thase  

and i t s  su b u n its



Catalysed by

in d o le -3 -g ly ce ro l-phosphate -

indo le  + O -glyceraldehyde-3-phosphate

indo le  + L -sen 'ne P1~P » L -tryptophan + Hz0

in d o le -3 -g ly c e ro l-phosphate + L -serine  PLP >

l-try p to p h a n  + D -glyceraldehyde-3-phosphate + H20

02» “ 202
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Tryptophan syn thase  d isp la y s  mutual a c t iv a t io n  o f su b u n its  whereby 

the in d iv id u a l o -su b u n it  and e z- su b u n it  a c t i v i t i e s  a re  markedly 

enhanced by th e  b ind ing  o f th e  second su b u n it {see re a c tio n s  1 and

2 in  Table 1). This phenomenon has prompted many w orkers to  s tudy  

th e  confo rm ationa l s t a t e s  and fu n c tio n a l ro le s  o f th e  se p a ra te  and 

complexed su b u n its  in  o rd e r  to  understand  t h i s  mutual a c t iv a t io n  

p ro c e s s .

1 .2  P ro p e r t ie s  o f Tryptophan Synthase and i t s  S ubunits

1 .2 .1  The a -su b u n it

The a -s u b u n it  which norm ally  e x i s t s  as a monomer, may be induced 

to  form d im ers th a t  -com plex w ith and s tim u la te  th e  62- su b u n it  to  

f u l l  a c t i v i t y .  This d im e ris a tio n  i s  ach ieved  a t  high a -su b u n it  

c o n c e n tra tio n s  in  th e  p resence o f urea and i s  n o t p h y s io lo g ic a lly

im portan t (Jackson  8 Yanofshy, 1969). The p a r t i a l  re a c tio n  ca ta ly se d  

by th e  e -s u b u n i t  {see re a c tio n  1 in  Table 1) proceeds a hundred

tim es f a s t e r  when th e  a -su b u n it  I s  in  th e  a 2s z-com plex (Yanofsky & 

Crawford, 1972). The mechanism o f th e  re v e rse  o f t h i s  re a c tio n  

(indo le+ D -g lyceraldehyde-3 -phosphate  + in d o le -1 -g ly c e ro l phosphate) is  

s fm H ar w hether c a ta ly s e d  by th e  a -s u b u n it  a lo n e  or  by th e  a z8z- 

complex (W eischet S K1 r sc h n e r , 1976a ,b ). However, th e  a f f i n i t i e s  

fo r  c e r ta in  l ig a n d s  a r e  a l te r e d  when th e  a -s u b u n it  i s  in  the a jS j -  

complex.



Ligand Binding P ro p e r t ie s  o f th e  a -su b u n it

The a -s u b u n it  b in d s 1 mole o f in d o le  a t  i t s  a c t iv e  s i t e  (K^ = 18 mM)

and 1 mole a t  a second s i t e  (K^ = 1 .5  mM), whereas th e  o 26z-complex

binds in d o le  w eakly to  as many as 40 s i t e s  (Kd = 30 mM) and s tro n g ly

to  1 o r 2 s i t e s  (K^ = 1.2 mM) (W eischet & K irsch n e r, 1976b). Indo le-

S -propanoJ-phosphate  has been found to  be a c o m p e tit iv e  in h ib i to r  

o f  in d o le -3 -g ly c e ro l-phosphate  and b inds to  th e  a -s u b u n it  w ith a 

lower a f f i n i t y  th an  to  th e  c^f^-coroplex (K irsch n e r e t  c L , 1975). 

These a l te r e d  b in d ing  p r o p e r t ie s ,  to g e th e r  w ith  tem perature-jum p 

s tu d ie s  o f in d o le -3 -p ro p a n o l-phosphate b in d in g  to  th e  a -s u b u n it ,  

in d ic a te  t h a t  th e  a -s u b u n it  must e x i s t  in  a t  l e a s t  th r e e  d i s t i n c t  

conform ations (K irsc h n e r  & W iskoci], 1972).

F u rth e r  i n d i r e c t  su p p o rt f o r  t h i s  h y p o th esis  d e r iv e s  from th e  r e ­

a c t iv i t y  o f  N -ethyl-m aleim ide w ith  th e  a - s u b u n i t .  P ro te c tio n  a g a in s t 

re a c tio n  i s  e f f e c te d  by in d o le -3 -p ro p an o l-p h o sp h a te  b ind ing  {Hardman 

8 Yanofsky, 1965) w h ile  s e n s i t i s a t io n  i s  e f f e c te d  by in d o le  bind ing  

(F reedberg  & Hardman, 1971). These e f f e c t s  a re  p robably  achieved 

by s t a b i l i s a t i o n  o f  d i f f e r e n t  conform ations o f th e  a -su b u n it  by 

th e  re s p e c tiv e  l ig a n d s  (K irschner & W iskoc i!, 1972).

U nfolding o f  th e  a -s u b u n it

The binding  o f  th e  holoBa-subum"t to  th e  a -s u b u n it  p ro te c ts  th e  

a -ch a in  from e x te n s iv e  d eg rada tion  by t r y p s in ,  y ie ld in g  in s te a d ,  

an a c tiv e  nicked  a -s u b u n i t  d e r iv a t iv e .  The p ro te c tio n  o f cleavage 

s i t e s  may he due to  e i t h e r  the  masking o f th e  a -s u b u n it  by th e



S2- s u b u n i t  o r th e  co n fonnationa l t r a n s i t i o n s  in. th e  c -p ro te in  subse.- 

quent to  ho lo 62-su b u m 't b in d ing  (M iles S H ig g in s , 1978). The nicked 

o -su b u n it  d e r iv a t iv e  can be d is s o c ia te d  in to  two fragm ents (a -1 

and a - 2 ) by tre a tm e n t w ith  u re a . Upci removal o f th e  urea those 

two fragm ents r e fo ld  in to  th e  a c t iv e  a -s u b u n it  d e r iv a t iv e  and a re  

th e re fo re  though t to  r e p re s e n t se p a ra te  fo ld in g  domains o f th e  a -  

su b u n it (H iggins e t  a l . , 1979).

The in ta c t  a -sv rm n lt may be unfo lded  by high c o n c e n tra tio n s  o f  u rea 

o r g u an id in e -h y d ro ch lo rid e . The urea induced un fo ld in g  proceeds 

through two in te rm e d ia te s  (deno ted  by 1  ̂ and I 2) to  two unfolded 

forms (denoted  by U, and U2 ) w ith  th e  in te rm e d ia te s  in te r -c o n v e r t in g  

v ia  th e  c i s - t r a n s  iso m e risa tio n  o f  a p ro lin e  re s id u e  (Matthews & 

C r is a n t i ,  1981).

The g u an id ine-hyd roch7oride  induced un fo ld in g  o f  th e  in t a c t  a - su b u n it  

invo lves an in te rm e d ia te  w ith  on ly  one o f  th e  s e p a ra te ly  fo ld in g  

domains o f  th e  e -c h a in  in  an un fo lded  form as shown below.

N ative form -»• In te rm ed ia te  -*• unfo lded  form

a - 1 , o-2  in t a c t  a -1  i n t a c t  a - 1 , a -2  unfolded

a -2  unfolded

These s e p a ra te ly  fo ld in g  domains of th e  in t a c t  o -su b u n it  correspond 

to  the a -1  and a -2  fo ld in g  domains of th e  nicked a -s u b u n it  (Yutani 

e t  a i . ,1980; M iles e t  a l . ,  1982). Lane & K irsch n er (1983c) used 

th e  ex is te n c e  o f th e se  two autonomously fo ld in g  domains to  p i c to r i a l l y  

re p re se n t th e  a -s u b u n it  as c o n s is tin g  of two g lo b u la r  unequal sized  

spheres .



1 .2 .2  The e2" subun'i t

The p h y s io lo g ica l re a c t io n  ca ta ly se d  by th e  ho loB ^-subun it (see 

re a c tio n  2 in  Table  1) proceeds f i f t y  tim es f a s t e r  when complexed 

w ith  th e  o -s u b u n i t .  In a d d itio n  sev era l n o n -p h y s io lo g ica l re a c tio n s  

which a re  c a ta ly se d  by th e  holog2- s u b u n it  a re  in h ib i te d  by th e  

a d d itio n  o f  th e  e - s u b u n i t  (Yanofsky 8 Crawford, 1972).

The two m olecu les o f  PIP a re  bound through a S c h i f f  base linkage 

to  th e  e-am ino group o f  ly s in e  which may be reduced  to  a s in g le  

co v a len t bond w ith  sodium -borohydride {Wilson & Crawford, 1965). 

Removal o f  bound PLP re q u ire s  len g th y  d i a ly s i s  a g a in s t  tr is -H C t 

b u f fe r ,  b r i e f  d i a ly s i s  a g a in s t  g -m ercapto-ethanol and L -se rin e  or 

b r i e f  trea tm en t  w ith  hydroxylam ine (M ile s , 1979). Conversion of 

th e  ho loB g-subun it to  th e  apoB2-su b u n it  d e c re a se s  th e  s o lu b i l i ty  

o f th e  p ro te in  in  ammonium su lp h a te  so lu tio n s  (rtdachi 8 M iles, 1974) 

b u t w ith o u t lo s s  o f th e  a n tig e n ic  d e te rm in an ts  o f th e  B j-su b u n it 

(Z a lk in  e t  a l . , 1980) T herefo re  th e  t e r t i a r y  s t r u c tu r e s  o f the  

ho lo B j-su b u n it and apos2- su b u n it  appear to  be s im i la r .

ioloB2-complex can n o t be achieved 

. T reatm ent w ith  hydroxylam ine, 

i s  t i g h t ly  

w ith  1M-KSCN fo r

Removal o f  th e  bound PLP from th e  < 

by e i t h e r  o f th e  th r e e  methods abc 

fo r  example le a d s  to  a py rid o x a l-j 

bound to  th e  ogBz-complex, re q u ir in ' 

removal (M iles & M origuchi, 1977).

Ligand b ind ing  to  th e  B2- su b u n it

S tud ies  of lig an d  b in d ing  to  the  B2-suD unit a lone and to  th e  a 2holoB2-



complex have been used to  c o n tr a s t  th e  d i f f e r e n t  conform ations 

a c c e s s ib le  to  th e  s 2-su b u n it .

The B inding o f  L -se r in e  to  th e  fl2~ su bun it

Temperature-jump s tu d ie s  o f th e  absorbance changes occu rrin g  during  

th e  binding  o f L -se r in e  to  th e  h o lo B j-su b u n it have been performed 

by Faeder & Hammes (1970). The b in d in g  mechanism proposed by the 

a u th o rs  i s  g iven  in  Equation 1.

E + s e r in e  " E -serine-^

11 H ( 1)

where E, E ' , E" re p re se n t th re e  d i f f e r e n t  h o lo B j-su b u n it isom ers.

In the p resence o f  o -s u b u n it ,  one conform ation o f th e  h o ioB j-subun it 

i s  d e s ta b i l is e d  and th e  E‘ conform ation i s  no lo n g e r popu la ted . 

This su g g ests  th a t  a p re -e q u ilib r iu m  between th e  two s t a t e s  o f the 

ho loB g-subunit (E and E1) i s  s h if te d  tow ards one s t a t e  (E) upon 

form ing th e  a 2h o lo 82-complex. The mechanism f o r  L -se rin e  b inding 

i s  then m odified a s  shown below.

a 2holoB2 + s e r in e  a 2holoB2 - s e r in e  a 2holoB2" -se r im

1
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complex have been used to  c o n tr a s t  th e  d i f f e r e n t  conform ations 

a c c e s s ib le  to  th e  82-su b u n it .

The Binding o f  L -s e r in e  to  th e  62- su b u n it

Temperature-jump s tu d ie s  o f th e  absorbance changes o c c u rr in g  d u r ’ng 

th e  binding  o f L -se r in e  to  the  ho loG g-subunit have been performed 

by Faeder & Hamtnt.s (1970). The b ind ing  mechanism proposed by the 

a u th o rs  i s  given in  Equation 1.

• s e r in e  '■»— ■ ■ " E -serine-]

U H

s e r in e  1  ̂ E '- s e r in e -

E " -se r in e  (1)

where E, E ',  E" re p re s e n t th re e  d i f f e r e n t  ho1oB2-s u b u n it  isom ers.

In the p resence o f  a - s u b u n it ,  one conform ation o f th e  holoG g-subim it 

i s  d e s ta b i l is e d  and th e  E' conform ation i s  no lo n g e r populated . 

This su g g ests  th a t  a p re -e q u ilib r iu m  between th e  two s t a t e s  o f th e  

holoB2-subun1 t (E and E1) i s  s h if te d  tow ards one s t a t e  (E) upon 

form ing th e  02holoB2-com plex. The mechanism fo r  L -se r in e  b inding 

i s  then m odified as shown below.

a 2holo82 + se r in e  =  agholoR; -  s e r in e  ==• a 2ho lo 62" -se r ii



Lane 6 K irschner (1981, 1983a,b) mcmitored th e  f lu o re sc e n c e  changes 

during  th e  bind ing  o f L -se rin e  to  th e  ho loB z-subun it and th e  a 2ho lo 82-  

complex and th e  subsequent re a c tio n  w ith  in d o le  to  form L -tryp tophan .

The mechanism o f th e  re a c tio n  ca ta ly se d  by th e  ho lo 02-su b u n it  is  

shown in  Equation 2 and th e  mechanism o f th e  re a c t io n  ca ta ly se d  

by the aghologg-com plex i s  shown in  Equation 3.

knzyme + s-® s,, ==® A2 >—  2 F ^ P + I ^ P I - i - Y - * -  Enzyme + L -try p to -

L -se rin e  phan

X a l l  re p re se n t in te rm e d ia te s  in  th e  o v e ra ll  mechanism.

The in te rm e d ia te  A2 (in  Equation 2) p robably  co rresponds to  the  

in te rm e d ia te  Q (in  Equation 3 ). The v a lues  t 2 and k2 r e f e r  to  the  

forw ard r a te  c o n s ta n ts  fo r  th e  rea c tio n s  shown).

Equation 2

X Enzyme t- L -tryp tophan

Equation 3

i t s  in d o le  and At , A2 , F, P, P I, Y, Q, W, Y and

The conversion  o f  A2 to  F by th e  h o lo e 2-subum 't (see  Equation 2 ) 

i s  r a te  l im it in g  and probably  re p re s e n ts  a d ep ro to n a tio n  s te p  which



T his d ep ro to n a tio n  s te p  l 2 ^o r  h o lo S z -su b u n it, has a r a t e  constan t 

o f  app rox im ate ly  0 .6  s -1 and i s  f iv e  hundred fo ld  slow er than k2 

f o r  cgholoBg-complex which has a r a t e  c o n s ta n t o f  300 s - 1 . Thus 

th e  major e f f e c t  o f th e  a -s u b u n it  on th e  a c t i v i t y  o f  th e  hoToB2- 

su b u n it  i s  to  a c c e le r a te  t h i s  p ro ton  a b s tr a c t io n  s te p .

The B inding o f  PLP and Analogues to  th e  apo82-s u b u n it

P y r id o x in e -5 '-p h o sp h a te  (PNP) and N -ph o sp h o p y rid o x y l-I-se rin e  (PPS) 

a re  analogues o f  PLP which do not form a ld im in es w ith  ly s in e  s ide  

ch a in s  but do bind to  th e  apo62-su b u n it  a t  th e  PLP b ind ing  s i t e .

The o 2apo62-complex b inds PNP, PPS and PLP n o n -co o p e ra tiv e ly  to  

two s i t e s  o f equal a f f i n i t y  (B artholm es e t  a l . ,  1976; Tschopp & 

K irsch n e r, 1980a). Both PNP and PPS bind to  the  agapoGg-complex 

in  a s in g le  rap id  s te p  c o n s is te n t  w ith  Equation 4.



where E re p re se n ts  f r e e  enzyme b ind ing  s i t e s  and I  re p re se n ts  f re e  

lig a n d .

In c o n t r a s t ,  PNP and PPS bind c o o p e ra tiv e ly  to  two id e n t ic a l  s i t e s  

on th e  apo82- s u b u n i t .  The k in e t ic s  o f  b ind ing  is  c h a ra c te r is e d  

by two d i s t i n c t  s te p s  c o n s is te n t  w ith  Mechanism 5 (Tschopp & 

K irschner, 1980b).

E + L —  (EL) •=-= EL* —  EL** (5)

where E re p re s e n ts  th e  S-protom er, (EL) and EL* are  enzym e-ligand 

eoffipls.xes EL** i s  an isom er o f EL*.

The binding  o f PNS, PPS and PLP to  th e  apogg-subunit is  c o n s is te n t  

w ith  th e  model o f  Monod, Wyman and Changeux as shown in  Equation 

6 (Tschopp & K irsch n er, 1980b).

2L + To —  2L + Ro

1 1 
L + T,  —  L + R |  (6)

T2 6“ - R2

here  L re p re se n ts  f r e e  lig an d  and T and R re p re s e n t low 

a f f i n i t y  and high a f f i n i t y  s t a t e s  o f th e  apoB a-subunit 

f o r  th e  l ig a n d , r e s p e c tiv e ly .
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In th e  absence o f lig an d  th e  [T o ]/[R o ]  r a t i o  1s approxim ately  200 

b u t on a d d itio n  o f  excess ] igaad , Tz is  formed b e fo re  any a p p rec iab le  

conform ational t r a n s i t i o n  o f T to  R forms can occu r. The T2 form 

then  isom erises  to  th e  R2 form o f th e  enzym e-h’gand complex.

Comparison o f Equations 4 and 5 shows th a t  the  bind ing  o f  th e  a- 

subun it to  th e  apoB2-su b u n it  e lim in a te s  p ro te in  conform ational t r a n ­

s i t i o n s  when th e  lig an d  i s  PNP o r PPS, Thus th e  a -su b u n it  appears 

to  s t a b i l i s e  a h igh  a f f i n i t y  s t a t e  o f  th e  c o fa c to r  bind ing  s i t e  

s im ila r  t o ,  b u t n o t id e n t ic a l  t o ,  th e  R form o f th e  ho lo g g -su b u n it.

The b in d in g  o f PLP to  th e  apoe2-su b u n it  and th e  a 2apo82-cotnplex, 

both lead in g  to  an in te rn a l  a ld im ine w ith  a ly s in e  group , i s  ch a rac ­

te r i s e d  by two d i s t i n c t  s te p s  (see  (a )  and (b) in  Equation 7) con­

s i s t e n t  w ith  Mechanism 7 (Bartholm es e t  a l . , 1980).

E + L -=* (EL) —  EL* == EL**

(a )  (b ) (7)

R eduction o f th e  ald im ine formed between th e  ly s in e  e-ami no group 

and th e  PLP occurs a t  th e  same r a te  as th e  g e n e ra tio n  o f EL* and 

e x p la in s  the  d if f e r e n c e  between th e  b in d ing  o f  PLP and th e  b inding 

o f  PNP o r  PPS to  th e  apo62“Subun it. Formation of a c tiv e  enzyme

occurs a t  th e  same r a te  as the  g e n e ra tio n  o f  EL**. Therefore  p a r t  

(b )o f  Equation 7 could re p re se n t a slow conform ational change of 

th e  p ro te in  to  y ie ld  a c tiv e  enzyme. S im ila r  r a te s  a re  ob ta ined

w ith th e  apoB2-su b u n it  and th e  a 2apoB2-com plex, even though the 

a c t i v i t y  of th e  r e s u l ta n t  enzyme i s  very  low in  th e  form er case .



This su g g ests  th a t  th e  same process  i s  involved  r e g a rd le s s  o f w hether 

th e  PLP b ind ing  s i t e s  in t e r a c t  (apoB2-su b u n i t)  o r a re  independent 

(ĉ apoGz-complex).

The model o f Monod, Wyman and Changeux p re d ic ts  t h a t  th e  h a lf  s a tu ­

ra te d  62- su b u n it  should e x i s t  in  two form s ( T ,,  f ^ ) .  A hybrid apoSB*- 

dim er c o n ta in in g  one fu n c tio n a l p rotom er and one reduced PLP rnoeity, 

has been p repared  by p a r t ia l  red u c tio n  o f  th e  ho loB g-subun it (Balk 

e t  c i . , 198.1.a) .  Two d i s t i n c t  s te p s  a re  ap p a ren t f o r  th e  PLP binding  

to  t h i s  h yb rid  apo6g * -sa b u n it.  The f a s t e r  p rocess  corresponds to  

th e  Ri to  R2 t r a n s i t i o n  and accoun ts  fo r  85% o f th e  t o t a l  am plitude 

o f re a c t io n  (se e  Mechanism 6 ) .  The rem aining 15% o' "he am plitude 

o f  th e  re a c t io n  coresponds to  th e  Tj to  T2 t r a n s i t i o n .  Therefore  

th e  hybrid  apoB8* -su b u n it  may re p re s e n t a h a l f  s ta tu r a te d  apoe2- 

su b u n it and su p p o rts  th e  proposed model o f Monod, Wyman and Changeux.

The b ind ing  o f  PLP to  th e  ap ogg-subun it and th e  a^apoGg-complex 

does n o t vary th e  c i r c u l a r  d ich re ism  spectrum  o f th e  p ro te in s  in 

th e  f a r  u l t r a v i o l e t  reg io n . This in d ic a te s  t h a t  th e  secondary 

s t r u c tu r e  in  th e  a c tiv e  c e n tre  o f th e  enzyme i s  conserved during  

c o fa c to r  b ind ing  (B alk a t  a t . , 1981b).

However, the c i r c u l a r  d ich ro ism  spectrum  o f  th e  p ro te in s  In th e  

nea r u l t r a v i o l e t  reg ion  i s  s i g n i f i c a n t ly  a l te r e d  upvn co fa c to r  b in ­

d in g . This a l t e r a t i o n  is  due to  a summation o f  th e  e f f e c t s  o f a ro ­

m atic  s id e  cha ins  and the fo rm ation  of th e  in te rn a l  a ld im in e .

Two d i s t i n c t  s te p s  a re  ap paren t when fo llow ing  th e  c i r c u l a r  d ichro ism
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in c re a se  a t  415 nm upon mixing PLP and th e  a z apaB2-comple>(. The 

f a s t e r  s te p  co rresponds to  th a t  shown by th e  f lu o re sc e n c e  d e te c tio n  

o f e PLP binding  to  th e  a 2apoS2'Complex w h ile  th e  slow er s te p  

i s  mucn slow er than the fo rm ation  o f  a c t iv e  enzyme a s  shown by 

Barthoimes e t  a t .  (1980). This c i r c u l a r  d ich ro ism  s p e c tra l change 

i s  p robably  due to  a slow o r ie n ta t io n  of th e  c o fa c to r  and enzyme 

when in  i t s  r e s t in g  s t a t e  (Balk s t  a l . , 1981b).

D is so c ia tio n  and P ro te o ly s is  o f th e  02-s u b u n it

The apoGa-dimer can be d is s o c ia te d  in to  random ly c o ile d  monomers

by in cu b a tin g  w ith  high co n c e n tra tio n s  o f u rea  o r  g uan id ine-hydro - 

c h lo r id e  (Groha e t  a l . ,  1978). A fte r  removal o f th e  d en a tu rin g

a g e n ts , re n a tu ra t io n  in  th e  p resence  o f PLP le a d s  to  90% recovery

o f th e  enzym atic a c t i v i t y  by th e  mechanism shown in  Equation 8 ,

2M + 2M* *  02* *  a c tiv e  h o lo g g -su b u n it.  (8 )

where M re p re se n ts  monomer and D re p re s e n ts  dim er.

The recovery  o f a c t i v i t y  occu rs  in  a r a te  d e te rm in in g  u n im o lecu lar 

re a c tio n  co rresponding  to  the conversion  of D2* to  h o lo s2-su b u n it .

The ho!oB2-s u b u n it  can be "n icked" by tre a tm e n t w ith  t ry p s in  to  

produce a s ta b le  n on -cova len t complex o f two n o n-overlapp ing  fragm ents 

denoted by (F 1F2) ;, (Htigberg-Raibaud & G oldberg, 1977 ). The two 

fragm ents (m o lecu la r w eight o f F, is  29 000 and t h a t  o f F2 is  12 000)



may be d is s o c ia te d  and -'enatured  in  6 M u rea . Both fragm ents can 

r e fo ld  ind ep en d en tly  to  conform ations which resem ble th e  s t r u c tu r e  

o f th e  fragm ents in  th e  nicked p ro te in .  The i s o la te d  and F2 

fragm ents th e re fo re  appear as in te rm e d ia te  s t r u c tu r e s  in  the fo ld in g  

o f th e  62-su b u n it .

In c o n t r a s t ,  t r y p t i c  p ro te o ly s is  o f th e  o2h o loe2-complex y ie ld s  

an a c t iv e  "n icked" o 'g h o lo G ^-p ro te in  w ith  c leavage  tak in g  p lace  

in  th e  a -c h a in  (M iles & H iggins, 1978). T herefo re  th e  a s s o c ia tio n  

o f th e  a  and g g -su b u n its  p rev en ts  (a )  th e  c leavage  o f  th e  82- su b u n it  

in to  two fragm ents w ith  lo s s  o f  a c t i v i t y  and (b) th e  complete d eg ra ­

d a tio n  o f th e  a -s u b u n it  w ith  th e  lo s s  o f a - su b u n it  a c t i v i t y .

1 .2 .3  The a 2s 2-cO(np1ex

Crude e x t r a c t s  o f ,  o r p u r if ie d  a 2ho1oB2-com plex, in  tris-HCG b u ffe r  

sedim ent in  su cro se  d e n s i ty  g ra d ie n ts  as two peaks. The f i r s t  peak 

d e te c te d  by enzym atic a c t i v i t y  a s sa y s , co rresponds to  B2-su b u n it  

(Szo.w " 5 .1 ) .  A ddition  o f PLP to  the b u f fe r  promotes p a r t ia l  

a s s o c ia t io n  of the su b u n its  w hile  ad d itio n  o f both PLP and L-seM ne 

r e s u l t s  in  f u l l  a s so c ia t io n  (S20}W » 6 .4 ) .  (C re ig h to n  & Vanofsky, 

1966).

The sed im en ta tio n  as f u l l y  a s so c ia te d  ogholoGg-complex depends on 

r o to r  speed and th e re fo re  on h y d ro s ta tic  p re s su re . In c rea s in g  the 

ro to r  speed from 39 000 rpm to  50 000 rpm in t e r f e r e s  w ith  complex 

fo rm ation  a t  5°C, even in  th e  presence of PLP and L -se r in e . This 

e f f e c t  i s  rev e rsed  by in c re a s in g  the tem pera tu re  from 5°C to  20DC
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o r  by low c o n c e n tra tio n s  o f a n o n -po lar s o lv e n t. Therefore  

hydrophobic bonding p lays an im portan t ro le  in  form ing  the tryptophan  

syn thase  complex. Monovalent and d iv a le n t c a t io n s  a ls o ,  in te r f e r e  

w ith  su b u n it a s s o c ia t io n ,  in d ic a tin g  the p o s s ib i l i t y  th a t  io n ic  

bonds a re  a ls o  involved  (O icam elli e t  a l . ,  1973)

The a -e  a f f i n i t y  has been measured w ith enzym atic a c t i v i t y  assays 

(C reighton  & Yanofsky, 1966), eq u ilib riu m  d ia ly s i s  (Bartholm es & 

T euscher, 1979) and m ic n jca lo rim e try  (W iesinger e t  a l .  , 1979).

i
The ap p a ren t d is s o c ia t io n  c o n s ta n t fo r  th e  a -  and holoB2-su b u n its  

v a r ie s  from  0 .25  pM (measured w ith  re a c tio n  1 in  Table  1) to  0 .38  

nM (measured w ith  re a c t io n  3 in  Table 1). In th e  l a t t e r  c a se , th e  

h ig h e r d eg ree  o f  a s so c ia t io n  i s  p robably  due to  thy presence of 

PLP and L -se r in e  in  th e  assay  medium. Under th e se  a ssay  co n d itio n s , 

th e  two e -s u b u n it  b ind ing  s i t e s  o f  the h o loe2-subum -t  behave inde­

pen d en tly  s in c e  th e  ahologg-com plex has e x a c t ly  h a lf  th e  a c t i v i t y  

o f  the tt2h o lo 62-complex (C reighton  8 Yanofsky, 1966).

The b ind ing  a f f i n i t y  o f th e  o -su b u n it  and th e  apoB j-su b u n it to  form 

a s ta f ile  agapogg-complex has been measured by e q u ilib r iu m  d ia ly s i s  

and a n a ly t ic a l  u l t r a c e n t r i f u g a t io n  in a pyrophosphate b u ffe r  

(B artholm es 5 T euscher, 1979). The a -su b u n it  b ind ing  i s  coopera tive  

and weaker than th e  bind ing  to  th e  holoB2-su b u n it .

The o v e ra ll  assem bly of th e  o^holoBz-complex i s  g iven  in  Equation



X -

- 2PLP + 62 ■

a z Bz + 2 PLP

* 2o + 82{PLP) 2 ( 2 )

(4)

( 9 )

Since r e a c t io n s  (1) to  (2) and (1 ) to  (3) a re  co o p e ra tiv e  and rea c tio n  

(3 ) to  (4) i s  n o n -co o p e ra tiv e , th e  B g-subunit must e x i s t  in a t  l e a s t  

th re e  con fo rm atio n s; th e  apoe2-su b u n it  con fo rm ation , the  holoB2- 

su b u n it conform ation  and the conform ation o f th e  B2-su b u n it  in  th e  

02apoB2-complex.

The measured v a lues  o f th e  Hi 11 c o e f f ic ie n t  and th e  to ta l  Gibbs 

f r e e  energy  change (aG) a re  id e n t ic a l  f o r  th e  co o p e ra tiv e  b ind ing  

p ro c e sse s ; tt2*apoB2 and PLP + apos2 (Bartholm es e t  a l .  , 1976). This 

su g g ests  t h a t  in  th e  presence o f e i th e r  th e  a -s u b u n it  o r PLP, th e  

ap o e^ -su b u n lt undergoes a s im ila r  concerted  t r a n s i t i o n  (Bartholm es 

& T euscher, 1979).

M icroca lo rim etry  confirm s th e  r e s u l t s  o b ta ined  from th e  eq u ilib riu m  

d ia ly s i s  experim ents and q u a n t i f ie s  th e  number o f  p ro tons taken 

up d u rin g  th e  su b u n it a s s o c ia tio n  re a c tio n  as shown in  Equation

10 .

+ 02 + nH+ ■«--------- „ 2a ,  (K+ )n (10)

n t h  n = 0 .75  a t  25°C in  th e  p resence ' o r absence o f  PLP

and n = 2 in  th e  absence of Pt.P o r n = 1 in  th e  presence 

o f PLP a t  35°C.

A
h.
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The k in e t ic s  o f  th e  a -su b u n it  bind ing  to  th e  holoB2-su b u n it  may 

be fo llow ed a t  288 nm and 405 nm as  shown by d if f e r e n c e  sp ec tra  

o f bound versus  unbound su b u n its  (K irschner e t  a l . ,  1975). Three 

exponen tia l p ro cesse s  a re  observed a f t e r  mixing a -s u b u n it  and ftolo02- 

su b u n it in  a stopped -flow  in s tru m en t. The in te rm e d ia te  process  r a te  

c o n s ta n t r i s e s  tow ards a p la te a u  value w ith  in c re a s in g  a -su b u n it 

co n c e n tra tio n s . This suggests th a t  th e  assem bly re a c t io n  involves 

a bind ing  s te p  fo llow ed by an iso m e ris a tio n  s te p .  I t  i s  t h i s  isome- 

r i s a t io n  which must occur b e fo re  enzyme a c t i v i t y  can be exp ressed .

A recen t k in e t ic  s tu d y , m onitoring  th e  f lu o re sc e n c e  o f  the PLP co­

enzyme, shows th a t  th e  a -su b u n it  i s  bound w ith n eg a tiv e  c o o p e ra tiv ity  

to  ho loB a-subunit in  phosphate b u f fe r  (Lane e t  a Z . , 1984). A ddition 

o f each a -su b u n it  le a d s  to  form ation  o f an i n i t i a l  aB -protom er which 

iso m erise s  to  an e q u ilib r iu m  s t a t e .  The d a ta  f i t  a seq u e n tia l  assembly 

mechanism c o n s is t in g  o f  seven p ro te in  s p e c ie s  a s  shown below.

e 6s

I
aSso =—= a 2 §2

N egative c o o p e ra t iv i ty  r e s u l t s  from th e  weaker i n i t i a l  b inding of 

a second a -su b u n it  to  the  aB2-in te riT ied ia te , p o s s ib ly  due to  s te r ic  

hinderance w ith in  th e  a 2B2-com plex. The iso m e risa tio n  rea c tio n s



a re  re sp o n s ib le  fo r  a t ta in in g  fu l l  enzyme a c t iv i t y  and involve 

synchronous conform ational changes o f both th e  a -  and B -protom ers.

Small angle  X-ray s c a t te r in g  s tu d ie s  have p re d ic te d  th e  m olecular 

s iz e s  and most p robab le  shapes f o r  the a - s u b u n i t ,  th e  h o loS z-subun it 

and th e  a 2holoB2-complex (Wilhelm e t  a l . ,  1983). A c o r r e la t io n  

w ith  v a rio u s in tra m o le c u la r  and In te rm o le c u la r  d is ta n c e s  in d ic a te  

th e  t e r t i  ry  and q u a te rn a ry  s t ru c tu ra l  changes o ccu rrin g  during  

o2holoB2-complex assem bly (Lane 8 K irsch n er, 1983c). The a-pro tom er 

and holoB-protom er c o n s is t  o f two autonomously fo ld in g  domains which 

a s s o c ia te  to  form an in te rm ediate-com plex  c lo s e ly  resem bling  th e  

summation o f th e  In d iv id u a l a - su b u n its  and th e  ho lo g g -su b u n its . 

An iso in e r is a tio n , p robably  in v o lv ing  th e  rearrangem ent o f  th e  autono­

mously fo ld in g  dom ains, then  fo llo w s to  g ive  th e  f in a l  agholoBa* 

complex.

3 l

::'4

A nalysis o f th e  s t ru c tu ra l  domains o f th e  e q u ilib r iu m  a 2holoB2-complex 

has been ach ieved  w ith  neutron  sm all an g le  s c a t te r in g  s lu d ie s  l ib e l 

e t  a l . , 1985) and show th a t  th e  ho!oB%-subunit changes to  a more 

compact form in  th e  a 2holo@2' c°mp1ex. However th e  a -su b u n its  do 

n o t e x h ib i t  any d e te c ta b le  s t r u c tu r a l  change. Measurements o f th e  

d is ta n c e s  between th e  a -su b u n its  in  th e  a 2holoB2-coinplex exclude 

th e  in te r p r e ta t io n  o f s t e r i c  hinderance to  account fo r  th e  ob serv a tio n  

o f n eg a tiv e  c o o p e ra t iv i ty  (Lane e t  a l . ,  1984) d u ring  assembly of 

th e  tryp tophan  sy n th ase  complex.



1 .3  P u r if ic a t io n  o f  Tryptophan Synthase and i t s  Subunits

1 .3 .1  P u r if ic a t io n  o f th e  g -su b u n it

The m utant E. a o l i  s t r a in  B8 produces high le v e ls  o f a w ild  type 

a -su b u n it  and only  low le v e ls  o f an a l te r e d  02-s u b u n it  when grown 

under d e re p re ss in g  c o n d itio n s . Henning e t  a l .  (1962) p u r if ie d  a- 

p ro te in  by a m anganese-ch loride and ac id  p r e c ip i ta t io n  s te p  follow ed 

by DEAE-cellulose chrom atography. C ry s ta l l i s a t io n  o f the  p ro te in  

re s u lte d  in  an o v e ra ll  y ie ld  o f 24% and a s p e c if ic  a c t i v i t y  o f 4700 

u n i ts  mg' 1 ( th e  d e f in i t io n  of u n i ts  and a ssay  methods a re  given 

in  Section  2 .3 ).

An improved and rep ro d u c ib le  chrom atographic  method, u sing  DEAE- 

c e l lu lo s e ,  h y d ro x y la p a tite  and Sephadex G-100, has been developed 

by K irschne” e t  a l .  (1975). C ry s ta l l in e  m a te r ia l o f 5 500 u n its  

mg* 1 was o b ta ined  in  a 32% y ie ld .

Recently  s t r a in s  o f E. c o l i  have been developed w ith  d e le tio n s  

s ta r t in g  in  the  le a d e r  reg ion  o f th e  tryp tophan  operon and te rm in a tin g  

in  a s t ru c tu ra l  gene o f th e  operon (M iles , 1979). The E. a o l i  t rp  

R- a trpLD 102/F 'a trpLD102 s t r a in  produces w ild type tryp tophan  

synthase c o n s t i tu t iv e ly .  C ry s ta l l in e  eaSz-com plex, w ith  a s p e c if ic  

a c t i v i t y  o f 1920 u n i ts  mg" 1 of complex, was o b t a ' ' ' :  ' by Adachi e t  

a l .  (1974) in  a 60% y ie ld .

An improved and re p ro d u c ib le  method, developed by Tschopp & K irschner 

(1980a), r e s u l te d  in  a 54% y ie ld  o f a ^ z 'c o m p le x  w ith  a s p e c if ic  

a c t i v i t y  o f 2175 u n i ts  mg" 1 of complex. The r e s u l ta n t  a 202-complex 

has been sep a ra ted  in to  in d iv id u a l su b u n its  by trea tm en t w ith 

hydroxyl amine and p o ta ss iu m -iso th io cy an a te  (M iles & M origuchi, 1977)



o r  by trea tm en t w ith  ac id  ( to  d e s tro y  th e  e2-subun1t )  o r  by h ea ting  

( to  d e s tro y  th e  a - s u b u n it)  (Tschopp & K irsch n er, 1980a).

1 .3 .2  P u r if ic a t io n  o f  th e  e 2- su b u n it

The E. a o l i  trp A 2 /F 'trpA 2  s t r a in  produces high le v e ls  o f  w ild type 

Ba-subunit w ith very  low le v e ls  o f an in a c t iv e  a l te r e d  a -p ro te in ,  

when grown under d e re p re ss in g  c o n d itio n s .

Wilson & Crawford (1965) p u r if ie d  B2-s u b u n it  from t h i s  s t r a in  w ith

a s p e c if ic  a c t i v i t y  o f  2700 u n i ts  mg' 1 and a 30% y ie ld .  The method

involved two h ea t trea tfiisn ts  which may lead  to  an u n s ta b le  a l te r e d  

enzyme s in c e  o th e r  workers have re p o rte d  a range o f low er a c t i v i t i e s  

u sin g  t h i s  method : 1600 to  2000 u n i ts  mg' 1 (Faeder & Hammes, 1970) 

and 1500 u n i ts  my-1 (M iles , 1970). This led  Adachi & M iles (1974) 

to  develop a more e f f i c i e n t  and le s s  damaging m ethod, based upon 

th e  d i f f e r e n t  s o l u b i l i t i e s  o f  th e  ap o g a -su b u n its  and holoB z-subunits 

in  ammonium su lp h a te  s o lu t io n s .  C ry s ta ls  o f th e  apoea -su b u n it were 

obta ined  in  an 84% y i e ld  w ith  a s p e c i f i c  a c t i v i t y  o f  3250 u n i ts  

mg"1. Bartholm es e t  a t .  (1976) improved upon th i s  method by using 

th e  d i f f e r e n t i a l  s o l u b i l i t i e s  o f th e  apoe2- s u b u n its  and th e  hologg- 

su b u n its  in  a p a r t i a l l y  p u r if ie d  p re p a ra tio n  r a th e r  than  a crude

e x t r a c t .  A s p e c if ic  a c t i v i t y  o f 4100 u n i ts  mg' 1 and a y ie ld  of

45% was o b ta ined  fo r  th e  m ate ria l p u r if ie d  by th i s  improved method.

As m entioned  above, th e  s 2-subun1t has a ls o  been o b ta ined  from 

p u r if ie d  tryp tophan  synthase a f t e r  h ea t tre a tm e n t.



1.4 F luorescence Energy T ran sfe r

Fluorescence energy  t r a n s f e r  between p ro te in  bound donor and accep to r 

flu o re s c e n t  dyes prov ides measurements o f th e  d is ta n c e s  between 

th e  dyes. The l i g h t  absorbed by th e  donor may be t r a n s fe r r e d  non- 

ra d ia t iv e ly  to  th e  a ccep to r over d is ta n c e s  o f 1 .5  to  7 nm. The 

e f f ic ie n c y  o f t h i s  energy t r a n s f e r  i s  r e la te d  to  (a )  th e  d is ta n c e s  

between th e  dyes, (b ) th e  necessa ry  s p e c tra l  ove rlap  o f the  donor 

em ission  and ac c e p to r  a b so rp tio n , (c )  c o r r e c t  r e l a t i v e  o r ie n ta t io n  

o f dye m olecules and (d ) s u i ta b le  s in g le t  f lu o re sc e n c e  l i f e t im e s .

S u ita b le  p a ir s  o f dyes a re  given in  a review  by Fa irc lough  5 Cantor 

(1978).

Both th e  s t a t i c  and th e  dynamic p ro p e r t ie s  o f p ro te in  complexes 

have been s tu d ie d  w ith  th e  f lu o re sc e n c e  energy t r a n s f e r  techn ique . 

The d sn sy l- l ig a n d  has been used as donor w ith  f lu o re s c e in  o r rhodamine 

B as a ccep to r to  measure in te r p r o te in  d is ta n c e s  in  complexes of 

t ry p s in  and t ry p s in  in h ib i to r s  (Gennis e t  a l . , 1972). The ra te  

o f su b u n it exchange in  a c t in  polymers has been q u a n t i f ie d  in  k in e tic  

experim ents w ith f lu o re s c e in  as donor and eosin  as accep to r (Wang 

& T ay lo r, 1981).

The f lu o re s c e in  (donor) la b e l le d  tu b u lin  and rhodamine (accep to r) 

la b e l le d  t u b i l i n  have been assem bled in to  m ic ro tu b u le s . As the 

assembly p ro g re ssed , th e  in te rs u b u n it  d is ta n c e s  decreased  causing 

th e  energy t r a n s f e r  e f f i c ie n c ie s  to  in c re a se . Thus a record  of 

th e  e x te n t o f assembly was o b ta ined  (Becker e t  a l . ,  1975),



21

S p e c if ic  lo c i w ith in  th e  a c tiv e  s i t e s  o f th e  a -su b u n its  and 

g2-su b u fi!ts  o f  tryp tophan  syn thase  have been la b e l le d  w ith v arious 

dyes. The d is ta n c e s  between th ese  lo c i have been measured to  estim a te  

th e  d is ta n c e s  between th e  lo c i w ith in  th e  a 2ho lo 32-corip lex  (Lane 

& K irschner (1983c).

1 .5  N on-C ovalently  Bound F lu o re scen t Probes

The f lu o re scen ce  o f  th e  ANS m olecule i s  dependent upon th e  environm ent 

in  which th e  m olecule i s  co n s tra in e d . I t  has a low flu o re scen ce  

in  aqueous b u f fe rs  b u t e x h ib i ts  a b lue  s h i f t  in  f lu o re scen ce  maximum 

and a la rg e  in c re a se  in  flu o re sc e n c e  y ie ld  when bound to  non -po lar 

s i t e s  on membranes o r p ro te in s .  The in te r a c t io n  o f AWS w ith  p ro te in s  

has been q u a n tif ie d  by flu o re sc e n c e  t i t r a t i o n s  f o r  bovine serum 

albumin (D aniel & Weber, 1966) apomyoglobin (S try e r ,  1965) and th e  

apo62-su b u n U  o f  tryp tophan  sy n thase  ( S e i f e r t  e t  a l . , 1984).

D isplacem ent o f th e  bound ANS m olecules by lig an d s  th a t  compete 

fo r  the same ANS b ind ing  s i t e s ,  causes a d ec rea se  in  th e  flu o re scen ce  

s ig n a ls .  Thus ANS may be used as a r e p o r te r  group to  m onitor lig an d  

binding re a c tio n s  in  which the i n t r i n s i c  p ro te in - lig a n d  s ig n a ls  

a re  too small f o r  o b se rv a tio n . Examples o f  t h i s  a r e ,  th e  

thermodynamic s tu d y  o f  th e  n u c le o tid e  b in d ing  o f an a ld o la se  p ro te in  

(Kasprzak & Kochman, 1981) and the c o fa c to r  bind ing  and' conform ational 

t r a n s i t i o n s  of g lu tam ate  dehydrogenase (Dodd & Radda, 1969).



1 .6  Summary

Both th e  a -  and B2-su b u n its  o f tryp tophan  syn thase  have been shown 

to  be f l e x ib l e  p ro te in s  e x h ib itin g  mutual s t a b i l i s a t i o n  o f  co n fo r­

m ations by assem bly in to  the o 26?-com plex. This assem bly may occur 

w ith  PIP b ind ing  to  th e  apogg-subun it p receding  the a -su b u n it  b inding 

o r w ith th e  a -su b u n it  bind ing  p receding  the PLP b ind ing .

The holoB z-subunit i s  s t a b i l i s e d  in  a conform ation th a t  i s  s im ila r  to ,  

b u t n o t id e n t ic a l  w ith , the  conform ation s t a b i l i s e d  in  the a 2apo62_ 

complex (Tschopp & K irsch n er, 198Gb). Therefore  th e  conform ational 

t r a n s i t io n s  from th e  apop2- s t a t e  to  th e  ho lo G z-s ta te  must be s im ila r  

to  th o se  i n i t i a t e d  by e -su b u n it  bind ing  to  th e  apoS2-su b u n it .

D irec t o b se rv a tio n  o f th e se  conform ational t r a n s i t i o n s  would in d ic a te  

(a )  th e  mechanism whereby both PIP and a -su b u n it  s t a b i l i s e  th e  same 

conform ational s t a t e  of th e  s 2- su b u n it  a lthough  th ey  must n e c e s s a r i ly  

bind to  d i f f e r e n t  reg ions o f  th e  B2-s u b u n it  and (b) w hether both 

th e  a- and Bz- su b u n it  e x h ib i t  conform ational t r a n s i t io n s  upon forming 

th e  a 2apo6z-com plex.

The small am plitudes ob ta ined  from d i r e c t  o b se rv a tio n  o f th e  a -su b u n it 

and apofl2-su b u n it  r e a c t io n s ,  n e c e s s i ta te d  th e  developm ent o f te c h ­

n iques to  m onitor th e  p ro te in  assem bly u sing  s ig n a ls  d eriv ed  from 

a r t i f i c i a l  probes p re se n t during  p ro te in  assem bly.



2. EXPERIMENTAL MATERIALS AND METHODS

2.1  M a te r ia ls

2 .1 .1  Chemicals

A ll chem icals fo r  th e  growing o f  b a c te r ia l  s t r a in s  were ob tained  

from Saarchcm, Johannesburg , South A fr ic a . Ammonium su lp h a te  fo r  

biochem ical work and rhodamine 8 iso th io c y a n a te  were ob ta ined  from 

E. Merck AG, D arm stadt, Germany. Chrom atographic m a te r ia ls  were 

products o f Pharm acia, U ppsala, Sweden. The f lu o re s c e in  is o th io ­

cy an a te , an ilin o -n a p h th a le n e -su lp h o n a te  and brom ophenol-blue orobes 

were ob ta ined  from th e  Sigma Chemical Company, S t.  Louis M issouri, 

USA. A ll o th e r  chem icals were o f  th e  h ig h e s t p u r i ty  a v a i la b le  from 

E. Merck o r B r i t i s h  Drug Houses, Poole , D orse t, England.

2 .1 .2  B io lo g ica l M a te ria ls

Mutant s t r a in s  o f S .a o l i  K12 (trpBS and t rp  A2/F'A2) were k indly  

donated by Dr I P  Crawford (S cripps C lin ic  and Research Foundation, 

La J o l la ,  C a l i fo rn ia ,  USA) and served  as sources o f e - su b u n its  and 

62-su b u n its  re s p e c t iv e ly .

N ative dgBa-con'plex was p u r if ie d  from the m utant s t r a in  B .c o i i  w3110 

trpR _cys8"btrpLD102trpL'+trpA +/F'colVBcysB'1" AtrpLD102trpB+trpA+ (abbre­

v ia te d  name : S . o o l i  t r p  R'AtrpLD102/F' atrpLD102) which was a gene­

rous g i f t  from Dr E W M iles (N ational I n s t i t u t e s  o f H ealth , Bethesda, 

Maryland, USA).
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A n  chem icals fo r  th e  growing o f  b a c te r ia l  s t r a in s  were ob tained  

from Saarchem, Johannesburg , South A fr ic a . Ammonium su lp h a te  fo r  

biochem ical work and rhodamine B iso th io c y a n a te  were ob ta ined  from 

E. Merck AG, D arm stadt, Germany. Chromatographic m a te r ia ls  were 

products o f Pharm acia, U ppsala, Sweden. The f lu o re s c e in  iso th io -  

cy an a te , an ilin o -n a p h th a le n e -su lp h o n a te  and brom ophsnol-blue probes 

were ob ta ined  from th e  Sigma Chemical Company, S t.  Louis M isso u ri, 

USA. Al 1 o th e r  chem icals were o f  th e  h ig h e s t p u r i ty  a v a i la b le  from 

E. Merck o r B r i t i s h  Drug Houses, Poole , D orse t, England.

2 .1 .2  B io lo g ica l M a te r ia ls

Mutant s t r a in s  o f E .o o l i  K12 (trpBS and t r p  A2/F'A 2) were kindly  

donated by Dr I P Crawford (S c rip p s C lin ic  and R esearch Foundation, 

La J o ) la ,  C a l i fo rn ia ,  USA) and se rved  a s  sources o f  o -su b u n its  and 

62-su b u n its  r e s p e c t iv e ly .

N ative 02B2-complex was p u r if ie d  from th e  m utant s t r a in  E .c o l i  w3110 

trpR-cysB'fltrpLD102trpB"l'trpA +/ F ,colVBcysB+ AtrpLD102trpB +trpA+ (abbre­

v ia te d  name : E .c o l i  t r p  R"AtrpLD102/F' 6trpLD102) which was a gene­

rous g i f t  from Dr E W Miles (N ational I n s t i t u t e s  o f H ealth , Bethesda, 

Maryland, USA).
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2 .1 .3  B u ffe rs

0 .2  mM EDTA

0 .2  mM d i th io th r e i to l

0 .1  M potassium -phosphate  b u f fe r  pH 7 .5

:ein E stim ation

2 .3  Enzym  A c t iv i ty  Assays

The b u f f e r  h e re a f te r  re fe r re d  to  as th e  s tan d ard  b u f fe r  con tained  

th e  reag en ts  l i s t e d  below

C o ncen tra tions o f p ro te in  in  crude e x tr a c t s  were determ ined by the 

method o f  Lowry e t  a l .  (1951) u sing  bovine serum albumin as s tan d ard . 

C o ncen tra tions o f  p u r if ie d  su b u n its  o f tryp tophan  synthase were 

ob ta ined  from th e  s p e c if ic  absorbance v a lu es  and m olecular w eights 

given in  Table 2.

One u n i t  o f a c t i v i t y  in  th e  in d o le  to  tryp tophan  re a c tio n  (See 

Table 1) i s  dei med as th e  d isappearance  o f 0 .1  pmole o f in d o le  

in  20 m inutes a t  37°C. The B .,-subunit a c t i v i t y  was measured in 

th e  p resence  o f o -su b u n it  a t  a co n c e n tra tio n  tw enty tim es th a t  o f 

the  B g-subunit. The « -su b u n it a c t i v i t y  was measured in  the  presence 

o f  82- s u b u n it  a t  a c o n c e n tra tio n  tw ice th a t  o f  th e  a -su b u n it .

The su b u n its  were d i lu te d  w ith a b u f fe r  c o n ta in in g  the reagen ts  

l i s t e d  below (Adachi & M iles, 1974).

4



TABLE 2

S p e c if ic  absorbance and m o lecu la r w eights of try p to p h an  syn thase  su b u n its

R eferences

(a ) Adachi e i  a l .  (1974)

(b ) Henning e t  a l .  (1962)

(c ) Hathaway & Crawford (1970)
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20 mM pyridoxal phosphate

0 .2  mM d i th io th r e i to l

5 mM EOTA

0.5  mg/mi bovine serum albumin 

100 mM potassium  phosphate b u f fe r  pH 7 .8

The re a c tio n  was i n i t i a t e d  by adding a 0 .05  m& a l iq u o t  o f enzyme, 

con ta in in g  both o -su b u n it  and 82- su b u n it  a t  th e  re q u ire d  concen­

t r a t i o n s ,  to  0 .2  mfc o f assay  medium a t  37*0. A fte r  20 m inutes a 

3 a l iq u o t  o f  in d o le  reag en t (M iies, 2970) was added to  th e  assay

so lu tio n  and th e  absorbance a t  540 nm was measured a f t e r  s tanding

fo r  5 m inu tes . A s tan d a rd  curve o f absorbance versus  in d o le  concen­

t r a t io n  was drawn by addin '-, ni o f  Indo le  reag en t to  0 .25  m( o f 

a so lu tio n  c o n ta in in g  in d o le  a t  co n c e n tra tio n s  ranging  from 0 to  

0 .4  mM. The enzyme a c t iv i t y  was then c a lc u la te d  from th e  q u a n tity  

o f th e  in d o le  consumed d u ring  th e  20 m inutes o f re a c tio n  which was 

ob tained  from th e  s tan d ard  cu rve . The a ssay  medium con tained  the 

reag en ts  l i s t e d  below.

.TV ~1

5 mM EOTA

0 .25  mM d i th io th r e i t o l

0 .375 mM pyridoxal phosphate 

0 .5  mM indo le

50 mM L -se r in e

0.625 mg/me bovine serum albumin 

125 mM Tris-HCJ. b u ffe r  pH 7 .8  a t  37-C.



The minimal medium used fo r  b a c te r ia l  growth was s t e r i l i z e d  by au to - 

c lav in g  a t  121CC fo r  15 m inutes and con ta ined  th e  reag en ts  l i s t e d

0 .8  mM MgSOi,

10 mM c i t r i c  ac id

60 mM «2HP0i,

17 mM NaNHi.HPOi,

2 .4 .1  S to rage  o f  B a c te r ia l  S tr a in s

The s .  c o l i  s t r a in s  t r p  A2/F'A2 and t r p  B8 were s to re d  on n u tr ie n t  

agar s la n ts  a t  4°C. S tra in s  were p e r io d ic a l ly  screened  by growing 

them on m W mal medium a g a r  p la te s  supplem ented v;ith 0.5% (w/v) 

D-glucose in  th e  presence o r absence o f 5 yg/ml L -tryp tophan . Sub- 

c u l tu r in g  o f b a c te r ia l  c o lo n ie s  which grew on p la te s  co n ta in ing  

tryp tophan  ensured the i n t e g r i t y  o f th e  s t r a in s .

The E. a o l i  s t r a in  t r p  R'aLD102/F'&LD1Q?. was s to re d  on L uria bro th  

agar s la n ts  a t  4°C. Screening  was perform ed on minimal medium agar 

p la te s  supplem ented w ith  the reag en ts  given below.

0.5% (w/v) D-glucose

5 yg/mE indo le

50 ug/me 5-methyl (D,L) tryp tophan

I

5
S i



The s t r a in  was m ain ta ined  s in ce  i t  produces tryp tophan  syn thase 

c o n s t i tu t iv e ly  and i s  th e re fo re  ab le  to  grow on th e se  p la te s  by 

co n v ertin g  th e  in d o le  p re se n t on th e se  p la te s  in to  L-tryptophan 

fo r  in c o rp o ra tio n  in to  p ro te in s .  O ther contam ina ting  b a c te r ia l  

s t r a in s  which have u n a lte re d  t r p  operons cannot grow on th e se  p la te s  

because 50 ug/ml 5-m ethyl(D ,L) tryp tophan  re p re s se s  th e  t r p  operon 

p rev en tin g  L-tryp tophan  sy n th e s is .  The 5-m ethyl(D ,L) tryp tophan  

cannot be u t i l i s e d  by th e  enzymes involved in  p ro te in  sy n th es is  

and th e  contam inating  b a c te r ia  a re  th e re fo re  p revented  from growing 

because o f L -tryp tophan  d e p le tio n .

2 .4 .2  Growth o f B a c te r ia l  S tra in s

O vernight n u t r ie n t  b ro th  c u l tu r e s  o f B. c o l i  s t r a in s  (40 mt) were 

used to  in n o cu la te  72 8 ( fo u r  28 I  g la s s  c o n ta in e rs  w ith  s in te re d  

g la s s  b u b b le rs )  o f minimal medium supplemented w ith  0.05% (w/v) 

ac id  hydro lysed  ca se in  and 0.5% (w/v) D -glucose. Media f o r  the  

trpA 2/F'A 2 and t r p  8B s t r a in s  a lso  contained  in d o le  a t  d e rep ressing  

co n c e n tra tio n s  (5 ug/mK) w hile  th e  trpR~ALD102/f'&LD102 s tr a in  re ­

quired  th e  a d d itio n  of 15 ug/m i o f L -tryp tophan .

The b a c te r ia l  growth was m onitored by w ithdraw ing samples and measu­

r ing  t h e i r  t u r b i d i t i e s  a t  540 ntn a f t e r  a p p ro p ria te  d i lu t io n  with 

w ater. Growths were te rm in a ted  a f t e r  16 to  18 hours o f growth a t 

37°C.

The c e l l s  were h arvested  by c e n tr ifu g a tio n  through a Beckman JCF-Z
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The s t r a in  was m ain ta ined  s in ce  i t  produces tryp tophan  synthase 

c o n s t i tu t iv e ly  and i s  th e re fo re  ab le  to  grow on th e se  p la te s  by 

co n v ertin g  th e  in d o le  p re se n t on th e se  p la te s  in to  L-tryptophan 

fo r  in c o rp o ra tio n  in to  p ro te in s .  O ther contam ina ting  b a c te r ia l  

s t r a in s  which have u n a lte re d  t r p  operons cannot grow on th e se  p la te s  

because 50 ng/mt 5-m ethyl(D ,L) tryp tophan  re p re s se s  th e  t r p  operon 

p rev en tin g  L -tryp tophan  sy n th e s is .  The 5 -m ethy l(0 ,L ) tryp tophan  

cannot be u t i l i s e d  by th e  enzymes involved  in  p ro te in  sy n th esis  

and th e  contam inating  b a c te r ia  a re  th e re fo re  p reven ted  from growing 

because o f L -tryp tophan  d e p le tio n .

2 .4 .2  Growth o f  B a c te r ia l  S tr a in s

O vernight n u t r ie n t  b ro th  c u l tu re s  of E. o o l i  s t r a in s  (40 mt) were 

used to  in n o c u la te  72 e ( fo u r  18 I  g la s s  c o n ta in e rs  w ith s in te re d  

g la s s  b u b b le rs) o f minimal medium supplemented w ith  0.05% (w/v) 

acid  hydro lysed  ca se in  and 0.5% (w/v) D -glucose. Media fo r  th e  

trpA2/F M 2 and t r p  88 s t r a in s  a lso  con ta ined  in d o le  a t  d e rep ressing  

c o n c e n tra tio n s  (5 ug/m i) w hile th e  trpR"AlD102/F'6L0102 s tr a in  re ­

quired th e  a d d itio n  o f 15 jjg/mt o f L -tryp tophan .

The b a c te r ia l  growth was m onitored by w ithdraw ing samples and measu­

r ing  t h e i r  t u r b i d i t i e s  a t  540 nm a f t e r  a p p ro p ria te  d i lu t io n  w ith 

w ater. Growths were te rm in a ted  a f t e r  16 to  18 hours o f growth a t  

37°C.

The c e l l s  were h arvested  by c e n tr ifu g a tio n  through a Beckman JCF-2 

continuous flow  ro to r  a t  18 000 rpm a t  400 mt min’ 1. The c e l l s

v



were then  suspended in  0 .13  M - NaCt and cen tr ifu g e d  befo re  being 

s to red  a t  -70°C.

2 .5  P u r if ic a t io n  o f  T ryptophan Synthase Subunits

The req u ired  q u a n tity  o f b a c te r ia  were thawed in  th e  s p e c if ie d  b u ffe rs  

a t  4°C and th e  c e l l s  were d is ru p te d  by so n ic a tio n  o f 50 me a liq u o ts  

f o r  10 m inutes u sin g  a Model 20 MSE so n ic a to r  (20 KHz). The tempe­

ra tu re  o f  th e  suspension  was kept below 10°C by coo lin g  w ith an 

i c e - s a l t  m ix tu re .

2 .5 .1  P u r if ic a t io n  o f th e  g -su b u n it

The a -s u b u n it  was p u r if ie d  from 900 g o f E. o o l i  t r p  88 accord ing  

to  th e  method o f K irschner e t  a t .  (1975).

The p u r if ie d  a -su b u n it  was d ia ly se d  a g a in s t w ater and c r y s ta l l i s e d  

by th e  method o f  Henning e t  a l .  (1962), The c r y s ta l s  were s to red  

a t  4°C in  a s o lu t io n  c o n ta in in g  th e  reag en ts  l i s t e d  below.

2 mM d i th io th r e i to l

55% sa tu ra t io n  o f ammonium su lp h a te  ( a t  0°C)

10 mM potassium  phosphate b u f fe r  pH 7 .8

(Note t h a t  a l l  ammonium su lp h a te  so lu tio n s  were p repared  by adding 

s o l id  ammonium su lp h a te  to  so lu tio n s  accord ing  to  th e  ta b le s  given
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2 . 5 .2  P u r i f ic a t io n  o f th e  B r-sub u n lt

The B j-su b u n it was p u r if ie d  from F. a o l i  trpA 2/F 'A 2 by two d i f f e r e n t  

methods as d esc rib ed  below.

F i r s t  Method : Method o f BarthoTmes e t  a l .  (1976)

The gg-subim ft was p u r if ie d  by a s c a lin g  down o f t h i s  method fo r

250 g wet w eight o f S. c o l i  trpA 2/F 'A 2. Three se p a ra te  p u r i f ic a t io n s

re s u lte d  in  e 2- su b u m t w ith  s p e c if ic  a c t i v i t i e s  o f 1800, 2040 and 

1830 u n i t s  mg' 1 re s p e c t iv e ly .

Second Method : M o d ifica tion  o f  th e  Methods o f  Wilson & Crawford 

(1965) and Adachi & M iles (1974)

The crude e x t r a c t  o f B2-su b u n it  was su b jec ted  to  th e  f i r s t  hea t

s te p  and pro tam ine su lp h a te  trea tm en t as d e sc rib ed  by Wilson & 

Crawford (1965). The su p e rn a tan t was then made 5 mM in  NH-,0H (by 

adding NH20H from a 0 .5  M sto ck  so lu tio n  a t  pH 7 .5 ) .  Powdered

ammonium su lp h a te  was added to  ach ieve  a co n cen tra tio n  o f 3556 

s a tu ra tio n  (C a lcu la ted  f o r  a tem pera tu re  o f 0 °C). A fte r s t i r r i n g  

fo r  45 m inutes a t  46C, th e  suspension was c e n tr ifu g e d  a t  12 000 g 

fo r  30 m in u te s . The p r e c ip i ta te  was suspended in  a b u ffe r  con ta in in g  

th e  reag en ts  l i s t e d  below, to  g ive  a f in a l  co n cen tra tio n  o f 2x104 

u n i ts  mfc*1.
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0 . 2  tnM PLP

1 tnM d l tM o th r e i to l

0 .5  mM phenylmethane sulphonyl f lu o r id e  (A sto ck  so lu tio n  

o f  t h i s  reag en t in  ethanol was p repared  and th e  

req u ired  q u a n t i ty  o f  sto ck  s o lu t io n  was added

to  th e  b u f fe r  j u s t  before  th e  b u f fe r  was to  be

100 mM potassium  phosphate b u ffe r  pH 7 .8

This enzyme so lu tio n  was d fa ly se d  a g a in s t th e  above b u f f e r  fo r  4

hours and then d ia ly se d  fo r  12 hours a g a in s t t h i s  b u f f e r  supplemented 

w ith ammonium su lp h a te  a t  18.5% s a tu ra tio n  (c a lc u la te d  a t  a

tem pera tu re  o f  0eC). The suspension  was c e n tr ifu g e d  a t  15 000 g

fo r  30 m inutes and the su p e rn a ta n t was c l a r i f i e d  by c e n tr i fu g a t io n  

a t  80 000 g f o r  3 hours (Beckman 50 Ti ro to r ) .

The su p e rn a ta n t was d ia ly se d  f o r  16 hours a g a in s t a b u f fe r  con ta in in g  

th e  reag en ts  l i s t e d  below.

L v - '

W

I

5 mM NH20H 

5 mM EDTA

1 mM d i th io th r e i t o l  

0 .5  mM phenylm ethanesulphonyl f lu o r id e

(added from an e thanol stock  s o lu t io n  as described  

above)

18.5% sa tu ra t io n  o f ammonium su lp h a te  (c a lc u la te d  fo r  

a tem pera tu re  o f 0°C)

100 mM potassium  phosphate  b u ffe r  pH 7 .8



The suspension  was then cen tr ifu g e d  a t  12 000 g fo r  30 m inutes. 

The p r e c ip i ta te  was very slow ly and c a re fu l ly  d isso lv ed  by the 

ad d itio n  o f small amounts v f p r e c ip i ta te  to  a b u f fe r  con ta in in g  

th e  reag en ts  l i s t e d  below

2 mM d i th io th r e i t o l  

100 mM potassium  phosphate b u f fe r  pH 7 .8

The b u f fe r  was s t i r r e d  slow ly  a t  25°C during  th e  d is so lv in g  process 

and f u r th e r  a d d itio n s  o f  p r e c ip i ta te  were on ly  made once  th e  prev ious 

ad d itio n  was f u l ly  d is so lv e d .

A b u f fe r  tem perature  o f  25eC was re q u ire d  s in ce  a ttem p ts  to  d isso lv e  

th e  apoB z'Subunit a t  56C re s u l te d  In a maximum c o n cen tra tio n  o f 

d isso lv ed  p ro te in  o f 1 .5 mg mE"1. Small ad d itio n s  o f p re c ip i ta te d  

p ro te in  prevented  clumping o f th e  p ro te in  and reduced th e  tim e 

req u ired  fo r  th e  d is so lv in g  p ro cess .

The p ro te in  s o lu t io n ,  which con tained  10 mg mfc" 1 o f apoB a-subunit, 

was c l a r i f i e d  by c e n tr i fu g a t io n  a t  room tem pera tu re  and then p laced 

in  a p o ly s ty re n e  ic e -b u c k e t. By p lac in g  th e  ice -b u ck e t in a 4°C 

cold room, th e  p ro te in  so lu tio n  was cooled to  4eC over a period  

o f about 8 hours. This slow coo ling  o f th e  p ro te in  so lu tio n  was 

found to  enhance the c r y s t a l l i s a t i o n  o f th e  spoS z-subun lt.

The req u ired  q u a n tity  o f powdered ammonium su lp h a te  (Di Je so , 1968) 

was added to  th e  apogg-subunit suspension  to  in c re a se  th e  ammonium 

su lpha te  s a tu ra t io n  by IX. These ad d itio n s  were c a r r ie d  out tw ice



P u r if ic a t io n  o f th e  apos2-s u b u n it  from 200 g, o f B. a o l i  trpA Z/F'trpA Z 

by a m o d ifica tio n  o f th e  methods o f Adachi 6 M iles (1974) and Wilson 

S Crawford (1965). The r e s u l t s  re p re se n t an average of fo u r p u r i f i ­

c a tio n s  .





a day fo r  two days. The c ry s ta l '-  ob tained  were s to red  a t  4°C in 

a b u ffe r  c o n ta in in g  th e  re a g e n ts  l i s t e d  below.

2 mM d i th r io th r e i t o l

0 .5  mM phenylm ethanesulphenyl f lu o r id e

26% sa tu ra t io n  o f ammonium su lp h a te  (c a lc u la te d  a t  0°C)

100 mM potassium  phosphate  b u ffe r  pH 7 .8

Table 3 c o n ta in s  a summary o f  th e  p u r i f ic a t io n  procedure desc rib ed

2 .5 .3  P u r if ic a t io n  o f  N ative Tryptophan Synthase and D isso c ia tio n  

in to  Subunits

The c 2B2-complex was p u r if ie d  by th-= method o f Tschopp & K irschner 

(1980a). D isso c ia tio n  o f  th e  a 2holoe2-comp1ex was ach ieved  by a 

m o d ifica tio n  o f th e  method o f  M iles & Moriguchi (1977) as d escribed

f t

The enzyme (1 .3  g in 50 mfc) was d ia ly sed  o v e rn ig h t a g a in s t a b u ffe r  

c o n ta in in g  th e  fo llow ing  re a g e n ts .

1 mM EDTti

0 .5  mM d i th io th r e i t o l

40 mM B icine b u f fe r  pH 7 .8  a t  4°C

I f The d ia ly se d  enzyme so lu tio n  was made 1 M w ith  re sp e c t to  KSCN and 

10 mM w ith re sp e c t to  NH20H. The m ix ture  v -;ncuj:V-;d a t  22°C %

 ..
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fo r 10 m inutes and then loaded on to  a coiumn (4 .4  x 2 50 cm) packed  

w ith  Sephadex G-100, The p ro te in  was e lu te d  a t  4°C w ith th e  b u ffe r  

d e s c r ib e d  r .b o v e . C r y s ta l l i s a t io n  o f  the  a -su b u n it  and a p o S a -s u b u n i t  

was p e rfo rm e d  as  d e sc rib ed  under s e c tio n s  2 .5 .1  and 2 .5 .2  

re s p e c tiv e ly .

2 .6  E q u ilib riu m  D ia ly s is

Equilib rium  d ia ly s i s  was perform ed ir : p a ir s  o f Perspex c e l l s  (0 .;-: 

ml volume) s ep a ra ted  by S a r to r iu s  SM11533 membranes. Those raembrar.es 

are  permeable to  p ro te in s  w ith  m olecular w eights below 70 000. 

Equilib rium  d ia ly s i s  experim ents w ith PIP and MS were a ls o  perfo rm ^ ' 

w ith S a r to r iu s  SM 11533 membranes s in ce  th e  la rg e  pore s iz e  o f t h i s  

membrane allow ed rap id  t r a n s f e r  o f th e  lig an d s  between chambers.

Samples were d ia ly se d  by load in g  one chamber w ith  p ro te in  and twe 

opposite  chamber w ith  l iq u id .

2 .6 .1  PLP Binding to  th e  Apofiz'Subunit

The b ind ing  to  PLP to  th e  apo02-su b u n it was perform ed as d escribed  

by Bartholmes e t  a l .  (1976) excep t th a t  th e  c o n c e n tra tio n s  of f re e  

and bound PLP were measured by B onav ita 's  method (S to rv ic k  e t  a l , , 

1964). Samples o f  0 .1  mfc were withdrawn a f t e r  12 hours o f d ia ly s i s  

a t  room tem pera tu re  (about 24°C) and d i lu te d  w ith  b u f fe r  to  3 ml. 

A liquots o f 0 .1  m% o f a b u f f e r  co n ta in ing  th e  reag en ts  l i s t e d  below 

were added to  che d i lu te d  samples and the samples were then Incubated 

fo r  30 m inutes a t  35°C.



0 .0 3  M KCN

0 .2  M sodium phosphate b u ffe r  pH 7.4

The pH o f  th e  incubated  samples was a d ju s te d  w ith  HCt to  between

3 and 4 and th e  f lu o re scen ce  measured on a Perkin-E lm er model 204 

f lu o r im e te r  ( e x c i ta t io n  w avelength was 325 nm and th e  em ission was 

measured a t  415 nm). The PLP co n c e n tra tio n s  were ob tained  from 

a c a l ib ra t io n  curve o b ta ined  by p rep a rin g  so lu tio n s  w ith known PLP 

co n c e n tra tio n s  and t r e a t in g  th e  PLP so lu tio n s  in  a manner s im ila r  

to  th e  samples from th e  eq u ilib r iu m  d ia ly s i s  experim en ts.

2 .6 .2  ANS Binding to  th e  apogg-subunit

ANS b inding to  th e  ap oB j-subun it was measured a t  room tem peraturr 

(about 24eC). C o ncen tra tions o f  ANS were m easured spec tropho to - 

m e tr ic a lly  u sin g  th e  m olar a b s o rp t iv i ty  o f 4 .95  x ' 3 M-1 cm* 1 a t 

355 nm (Daniel & Weber, 1966).

k i

2 .6 .3  e -s u b u n it  Binding to  th e  ApoB^-subunit

A fte r d ia ly s i s  a t  room tem pera tu re  fo r  20 hours , samples were w ith­

drawn from both  chambers. The e -su b u n it  a c t i v i t y  was measured in 

th e  s tan d ard  in d o le  to  try p tophan  assay  and th e  o -su b u n it  concen­

t r a t i o n  was c a lc u la te d  from i t s  s p e c if ic  a c t i v i t y .

2 .6 .4  Curve F i t t i n g

The d a ta  fo r  non -co o p era tiv e  binding  was p lo t te d  accord ing  to  the  

Scatchard  e q u a tio n :-

%



where v  = moles o f  iig an d  bound per mole o f p ro te in  

\L )  = c o n c e n tra tio n  o f f re e  ligand  

n  = number o f  i n t r i n s i c a l l y  id e n t ic a l  s i t e s  

Xa = m icroscopic  a s s o d a i io n  c o n s ta n t o f  th e  in d iv id u a l

s i t e s  f o r  l ig a n d .

Curves were f i t t e d  to  th e  db ta  by th e  l e a s t  squares  procedure o f 

W ilkinson (1961).
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2 .7  S pec tro p h o to m e tric  and F lu o rim e tn c  S p ec tra  and T i t r a t io n s

2 .7 .1  D iffe re n c e  S pec tra

D iffe ren ce  s p e c tra  were reco rded  on a rye-Unicam SP8-200 s p e c tro ­

photom eter equipped w ith  w a te r  jack e ted  c e l l  h o ld e rs  a t  24#C. Two 

c u v e tte s  in  th e  re fe re n c e  beam con tained  o -su b u n lt  and B z 'subun it 

re sp e c t iv e ly  o r  p ro te in  and lig an d  r e s p e c t iv e ly .  One o f th e  two 

sample c u v e tte s  co v ta in ed  a m ix ture  o f th e  c i-subun it and 82-su b u n it  

o r  p ro te in s  p lu s  lig a n d  a t  th e  same co n c e n tra tio n s  as in  th e  re fe ren ce  

c u v e tte s .

2 .7 .2  T i t r a t io n s  o f  th e  P ro te in s  w ith  Ligands

A s in g le  c u v e tte  c o n ta in in g  dye (th e  l ig a n d )  a t  a s p e c if ic  concen­

t r a t io n  was p laced  In th e  sample beam of th e  spec tropho tom eter o r 

fluorim ete:* (Perk in-E lm er Model 204) equipped w ith  w ater ja c k e te d  

c e l l  h o ld e rs  a t  24°C. A liq u o ts  o f a c o n cen tra ted  stock  so lu tio n  

o f p ro te in  c o n ta in in g  dye ( a t  th e  same c o n c e n tra tio n  a s  th a t  o r i ­

g in a l ly  in  th e  c u v e t te ) were added to  th e  cu v e tte .

Curve f i t t i n g  was perform ed by th e  method d esc rib ed  in  Section  2 .6 .4 .

2 .8  F luo rescence  Energy T ra n sfe r  Experim ents

2 .8 .1  L ab e llin c ' o f  S ubun its

L ab e llin g  o f p ro te in s  was c a r r ie d  out in  0 .1  M -potassiure-phosphate



b u ffe r  pH 8 .2  supplem ented w ith  20 nM-PLP fo r  th e  l a b e l l in g  of the 

62-su b u n it .  The FITC and RITC dyes were d isso lv ed  in t h i s  b u ffe r  

by th e  ad d itio n  o f KOH u n t i l  a pH o f 9 .5  was o b ta in ed . Various 

c o n c e n tra tio n s  o f  dye were re a c te d  w ith the o -su b u n it (3  to  4 mg 

,n6-1 fo r  5 to  60 m inutes and w ith  th e  ho log2- su b u n it  (2 to  3 mg)

me-1 fo r  15 m inutes a t  25°C.

The re a c tio n  was te rm in a ted  by p ass in g  th e  m ix tu res  th rough a Sephadex 

G-25 column e q u i l ib r a te d  w ith  th e  d e s ire d  b u f fe rs .  The la b e lle d

o-RITC complex e x h ib ite d  a flu o re sc e n c e  char upon d i lu t io n  w ith

b u ffe r  which in d ic a te d  th e  p resence  o f  two . (es o f l a b e l le d  o- 

su b u n it. I t  was though t t h a t  th e  two sp ec ie s  p re se n t were monomers 

Of a -su b u n it  and dim ers o f a -s u b u n i t .  Removal o f th e  presumed a - 

su b u n it dim ers was ach ieved  by f i l t r a t i o n  through a Sephadex G-100

C oncen tra tions o f  th e  la b e l le d  p ro te in s  were e s tim a ted  from the 

p ro te in  absorbances a t  278 nm co rre c te d  f o r  th e  sm all abso rp tio n

o f  the  dye a t  278 nm. Bound dye co n c e n tra tio n s  were ob ta ined  from 

absorbance m easurements and th e  m olar a b s o r p t iv i t i e s  o f th e  FITC 

and RITC dyes given by Gennis e t  a l .  (1972).

2 .8 .2  F luo rescence  Energy T ransfc

The a -su b u n it was la b e l le d  by re a c tio n  w ith  RITC a t  a c o n cen tra tio n

s ix  tim es th a t  o f th e  a -s u b u n it  f o r  10 m inutes a t  25°C o r w ith FITC

a t  a c o n c e n tra tio n  ten  tim es th a t  o f  the  a -su b u n it  f o r  ID m inutes

a t  25°C. The h o loB a-subun it was la b e lle d  by re a c tio n  w ith  FITC

a t  a co n c e n tra tio n  tw ice th a t  o f th e  ho loe2- su b u n it  f o r  15 minutes

a t  25"C.



were recorded  a t  24°C a t  equal co n cen tra tio n s  o f s u b u n its .  D ifference 

sp e c tra  were o b ta ined  by su b tra c t io n .

2 .9  Pressure-jum p and S topped-flow  Experiments

2 .3 .1  Pressure-jum p Apparatus

The p ressure-jum p ap p a ra tu s  was s im ila r  to  th a t  d e sc rib ed  by Davis 

'  Gutfreund (1976) end th e  d a ta  s to rag e  system  was s im i la r  to  th a t  

.ribed  by Davis (1 9 8 1 a ,b ). The l i g h t  source f o r  i n t r i n s i c  f lu o re s -  

ence measurements was a 200 W Xenon a rc  bulb p .v . d by a 250 W 

Xenon a rc  power supply  (A pplied Photophysics, London, Wl, U .K .). 

Sample em ission was m easured a f t e r  passing  through  WG320, 0G590 

o r  GG435 o p tic a l f i l t e r s  {JENAer Glaswerke, S cho tt & Gen, M ainz).

2 .9 .2  S topped-flow  A pparatus

Experiment5 were performed w ith  th e  s topped-flow  appara tus  d escribed  

by Bagshaw e t  a l .  (1972 ), f i t t e d  w ith a 2 mm path o p tic a l c e l l ,  

used in  co n junc tion  w ith  th e  p e r ip h e ra l o p tic s  and e le c tro n ic s  o f 

th e  pressure-jum p ap p a ra tu s . The l i g h t  source used was a 12V-100 W 

q u artz  halogen bulb and sample e x c i ta t io n  was achieved w ith a 

monochromator en tra n c e  s l i t  o f 5 mm and an e x i t  s l i t  o f 20 nm band

The s topped-flow  ap p a ra tu s  dead time was measured w ith th e  2 ,6  d i -  

ch lo ro p h en o lin d o p h en o l-asco rb ic  ac id  system (Tonomura e t  a l . ,  1978) 

and was app rox im ately  3 ms. A ll stopped-flow  experim ents were p e r­

formed a t  room tem pera tu re  which v aried  from 22°C to  27°C.



2 .9 .3  E x tra c tio n  o f  Rate C onstants from Experim ental Curves

The d a ta  from th re e  to  f i v e  re la x a tio n s  or t r a n s ie n ts  a t  each p ro te in  

c o n cen tra tio n  were averaged . Rate c o n s ta n ts  were o b ta ined  from 

Ifn e a r  le a s t  squares l in e s  f i t t e d  to  th e  exp o n en tia l curves of th e  

averaged d a ta .



3. HBW.TS

3 .1  P u r i f ic a t io n  o f T ryptophan Synthase Subunits

•P u rif ic a tio n  o f th e  n a t iv e  a 2holoB2-comp]ex and subsequent d i s s o c i ­

a tio n  of t h i s  complex p rov ided  th e  most conven ien t rou te  fo r  o b ta in in g  

tryp tophan  sy n thase  s u b u n its .  The reasons For t h i s  a re  tw ofold. 

F i r s t l y ,  bo th  try p to p h an  syn thase  subun its  could  be p u r if ie d  From

a s in g le  s t r a i n  o f b a c te r ia  and secondly , th e  o v e ra ll  y ie ld s  o f both

su b u n its  o b ta in ed  per l i t r e  o f b a c te r ia l  growth medium were g re a te r

than when th e  su b u n its  were p u r if ie d  from two d i f f e r e n t  b a c te r ia l  

s t r a in s .

C ry s ta ls  o f  th e  p u r i f ie d  su b u n its  (F ig . 1} were su b jec ted  to  SOS

polyacrylam ide gel e le c tro p h o re s is  on 7.5% g e ls  accord ing  to  the method 

o f Weber S Osborn (1969). Densitom eter scans o f th e  c r y s ta l l in e  

m ateria l a re  given in  F igure 2.

The scans o f  th e  su b u n its  shown in  F igure 2 in d -' s te  th a t  the p u r i ty  

o f the su b u n its  i s  f a r  g r e a te r  than th a t  su g g e s .td  by th e  r a t io s  o f 

the  s p e c if ic  a c t i v i t i e s  o b ta ined  to  the  maximum s p e c if ic  a c t i v i t i e s  

fo r  th e  su b u n its . The o -su b u n it  prepared by K irschnar a t  a l .  (1975) 

had a s p e c if ic  a c t i v i t y  o f 5500 u n its  m g '! w hile  th e  e2-su b u n it  p re ­

pared by Bartholm es s t  a l .  ( 1976) had a s p e c i f ic  a c t i v i t y  o f 4100 

u n its  mg"1. The r a t io s  of s p e c if ic  a c t i v i t i e s  a re  given below.

o-subum ’t

S2- su b u n it

3300/5500 = 0.60

2100/4100 = 0.51



Figure I. C ry s ta ls  o f  th e  tryp tophan  syn thase  su b u n its  

The su b u n fis  tvere o b ta ined  by d is s o c ia tio n  o f  th e  tryp tophan  

complex p u r if ie d  by th e  method o f Tschopp & K irschner (1980a)

A: a -su b u m 't w ith a s p e c i f ic  a c t i v i t y  of 3300 u n i ts  mg*1.

B: apog2-su b u n it  w ith a s p e c i f ic  a c t i v i t y  o f 2100 u n i ts  mg- 1 .



FI GURE 1A

F I GURE I S



Figure 2 D ensitom eter scans o f SDS polyacrylam ide gel e le c tro p h o re s is  

of c r y s t a l l i n e  tryp tophan  sy n th ase  su b u n its .

A: a-subuni t

B apoB2-su b u n it
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3 .2  Binding o f  PLP to  th e  ApoBz'Subunit by E qu ilib rium  D ia ly s is

Binding o f PLP to  the apoB2-su b u n it  was measured in  o rd e r  to  a s c e r ta in  

w hether th e  low er s p e c if ic  a c t i v i t y  m ate ria l prepared  here i s  v a s tly  

d i f f e r e n t  from h igh  s p e c if ic  a c t i v i t y  apoB z-subunit w ith re sp e c t to  

PLP b inding .

Figure 3 re p re s e n ts  a Scatchard  p lo t o f th e  PLP b ind ing  to  the  apoBz- 

su b u n it. There i s  a g-oa c o : , e la t io n  between th e  experim ental p o in ts  

and tn e  so l id  curve which was p lo tte d  using th e  A dair param eters 

repo rted  by Bartholm es e t  a l .  (1976). This m ui •• t t s  ;i, t  th e  lower 

a c t i v i t y  apoB z-subunit prepared  here d isp la y s  th e  same PLP b inding 

p ro p e r tie s  a s  th e  high s p e c if ic  a c t i v i t y  apo82-s u b u n it  o f Bartholmes 

e t  a l .  (1976).

3 .3  B inding o f  th e  o -S ubun it to  th e  ApoBz-Subunit by E quilib rium  

D ia ly s is

Binding o f th e  e -su b u n it  to  th e  apos2-s u b u n it ,  in  v arious so lv e n ts , 

was in v e s tig a te d  fo r  two rea so n s. The f i r s t  being th a t  k in e t ic  s tu d ie s  

in s tandard  b u f f e r  p recluded a co o p era tiv e  b ind ing  mechanism which 

has been rep o rted  by Bartholmes & Teuscher (1979) (see  Section  3 .5 .3 .4 ) .  

The second reas  ■■ . 's  to  compare the lower s p e c if ic  a c t i v i t y  su b u n its  

prepared here w ith  those prepared  by Bartholii.es & icu sch e r (1979).

Subunit a s s o c ia tio n  was measured by eq u ilib riu m  d ia ly s i s  and Scatchard 

p lo ts  o f  th e  r e s u l t s  are  given in F igure 4. The re le v a n t  thermodynamic 

co n s tan ts  fo r  th e  subun it a s so c ia tio n  a re  p resen ted  in  Table 4.



N on-cooperative subun it b inding occurs in  b ic in e  w ith  lower a f f i n i t y  

than  in  phosphate o r pyrophosphate. This phenomenon i s  no t merely 

due to  io n ic  s tre n g th  d if fe re n c e s  because th e  in c lu s io n  o f 0 .2  M-KCl 

in  th e  b ic in e  b u ffe r  does n o t a f f e c t  subun it a s s o c ia tio n  (see 

F igure 48). Pyrophosphate co n v erts  th e  bind ing  to  a co o p era tiv e  

mechanism w ith binding  a f f i n i t y  in te rm e d ia te  between th a t  o f b ic in e  

and phosphate.

The s c a t t e r  o f  th e  d a ta  in  th e  Scatchard  p lo t  f o r  subun it a s so c ia tio n  

in  phosphate (see  F igure 4A) i s  f a i r l y  la rg e  and may be due to  p a r t ia l  

d is s o c ia t io n  o f th e  apoga-dimer in to  apoiii-monomers a t  th e  low 

c o n c e n tra tio n s  used here (Hathaway & Crawford, 1970). With the d a ta  

a v a i la b le  from th e se  experim ents and w ith o u t evidence to  th e  con tra ry  

a n o n -coopera tive  mechanism has been assumed. The l i n e a r i t y  o f the  

re le v a n t p lo t  i s  reasonab le  b u t c e r ta in ly  a concave curve would a lso  

f i t  th e  d a ta .  Such a curve would in d ic a te  th e  presence o f  nega tive  

c o o p e ra tiv ity  o r  two d is s im ila r  s ic e s  on th e  apoSz-dim er. C e rta in ly  

th e  d a ta  exclude the p o s s ib i l i t y  o f  a convex curve and th e re fo re

exclude p o s i t iv e  c o o p e ra tiv ity .

Since th e  mechanism o f a -su b u n it  bind ing  in  pyrophosphate i s  d if f e r e n t

from th a t  in  b ic in e ,  th e  pyrophosphate ion  must a f f e c t  th e  m olecular

conform ation o f th e  apoB2-su b u n it .  In a d d i t io n ,  th e  ob serv a tio n  th a t  

d i f f e r e n t  b ind ing  mechanisms op e ra te  in  pyrophosphate and phosphate , 

im p lie s  th a t  th e  phosphate ion a f f e c ts  th e  m olecu la r conform ation 

o f th e  apoB z-subunit in  a d i f f e r e n t  manner to  th a t  o f  th e  pyrophosphate 

ion . The d iffe re n c e  in  subun it bind ing  a f f i n i t i e s  in b ic in e  and 

phosphate su g g ests  th a t  the  m olecular conform ation o f th e  o -su b u n it

may a lso  be a l te r e d  by the phosphate ion.



F ig u re  3  S c a tc b a rd  p l o t  o f  th e  b in d in g  o f  PLP to  1 4 .7  »M- 
a p o 02 - s u b u n i t .

The so lid  curve has been p lo tte d  u sing  the A dair param eters  determ ined 
by Bartholmcs e t  a l .  (1976) o f i|<i = Z. 3 x l0 5 M' 1 and i/i2 = S.OxIO11 M"? .

The A dair Equation i s  given below:

_ 2 ( k i [ L ]  + k ,k : [ L ] % )

V " l+ Z ki(L ] + k ik 2iL ]2

where V i s  th e  number o f moles of ligand  bound p e r  mole o f apogg-
su b u n it,

[ L] i s  th e  concen tra tio n  o f f re e  lig an d

and kj and k2 a re  the  a s s o c ia tio n  c o n s ta n ts  f o r  the b inding
of th e  f i r s t  and second ligands to  th e  two s i t e s  o f  the 
apoB2-su b u n it .

Hots th a t w ith  th e  nomenclautre  used here  th e  param e te rs  determ ined 
by Bartholmes e$ a l .  {1976) are  given by th e  fo llo w in g  r e la t io n s .



FIGURE 3



Figure 4 Sca tchard  p lo ts  f o r  th e  a s s o c ia t io n  o f . t h e  o -su b u n tts  and 
th e  apoB2-s u b u n its  o f tryp tophan  sy n thase  in  v a rio u s so lv e n ts .

The experim ents were performed a t  room te m p e ra tu re " (24°C w ith  a 
va r ia tio n  o f  2°C) in  b u ffe rs  c o n ta in in g  0 .2  mM-EDTA and
0 .2  m M -d ith io th re ito l .

A; (o) s tan d ard  b u ffe r

(e) stan d ard  b u ffe r  con ta in in g  500 uM - ANS

B: ( a ) 50 mM - B icine pH 7 .5
(i) 0 .2  M -  KCK in  50 mM - B icine pK 7.5

(0) 0 .1  M - sodium pyrophosphate pH 7.5

Solid  curves have been p lo tte d  w ith  param eters l i s t e d  in  Table 4.



FI GURE 4 A

2.0

1.5

1.0

0 . 5

0
0 0.5 1.0 1.5 2.0

' O



F I GURE 4 8

0.2

0. 15

0 . 0 5

2 .0



TABLE 4 Thermodynamic c o n s ta n ts  fo r  th e  a s s o c ia t io n  o f e - su b u n its  
and apoB z-subunits o f tryp tophan  sy n th ase  in  v a rio u s so lv e n ts

(a) The a n a ly s is  o f th e  non-coopera tive  b ind ing  was by th e  method 
o f W ilkinson (1961) as d escribed  in  S ec tion  2 .6 .1 .

(b) The d a ta  fo r  th e  co o p era tiv e  bind ing  was f i t t e d  to  th e  Adair 
Equation as d esc rib ed  in  S ec tion  3 .2 .



Type of 
Binding co n s ta n ts  o f :

(7m)_____

Sodium
pyrophosphate

Potassium
phosphate

500 uM-ANS 
in  potassium  
phospate

no n -co o p e ra tiv eU )

c o o p p - * '

n o n -coopera tive^ '1'

n o n -co o p e ra tiv eU )

0.93

3.1



3 .4  Methods fo r  O bserving  Subunit Assembly

3 .4 .1  D iffe ren ce  S pec tra  o f Assembled S u b m its

D ifference sp e c tra  o f a -su b u n it bound to  both th e  apo and ,,o1o forms 

o f the 62- s u b u n it  were recorded to  e s tim a te  th e  absorbance change 

accompanying su b u n it assembly.

The d if fe re n c e  speccrum fo r  th e  a 2apoe2-compJex in  Figure  5 has a 

maximum absorbance in c re a se  o f 0 .013 u n i ts  a t  286 niti. The concen­

t r a t io n  o f bound a -su b u n it  in  th e  ojapoB ^com plex form and in  the 

a 2apQ|32-contp1ex form has been c a lc u la te d  a s  = 8 '^  |jM using

th e  d is s o c ia t io n  co n s tan t given in  Table 4. T h erefo re , assembly 

o f 2 yM -a-subunlt in to  1 uM-a2apoB2-complex p ro v id es  an absorbance 

change o f 0 .003 u n i t s  a t  286 nm.

The d if fe re n c e  spectrum  fo r  th e  aghologg-com plex in  F igure 6 has 

a maximum absorbance in c re a se  o f 0 .043 u n i ts  a t  410 nm. The concen­

t r a t io n  o f bound a -su b u n it  in th e  aiholoGg-com plex form and in  th e  

aaholoBz-complex form has been c a lc u la te d  as M bound * 15 nM using  

th e  apparen t a s s o c ia t io n  co n s tan t o f 3 ,2x10’ M*1 as determ ined by 

Creighton & Yanofsky (1966). T h erefo re , assem bly o f 2 uM -a-subunit 

in to  1 gM-a2h o loe2-c<?fr^lex prov ides an absorbance change o f 0.0057 

u n i ts  a t  410 nm.

Assembly o f th e  OfholoGg-complex p rov ides  an absorbance change a t  

410 nm n e a rly  tw ice th a t  o f th e  assembly of th e  o 2apoB2-complex f o l ­

lowed a t  286 nm. In a d d itio n ,  the assem bly o f th e  holo-complex has 

th e  advantage th a t  th e  a -su b u n it does not absorb in  th e  <110 nm range.



Figure S D iffe ren ce  spectrum  o f  th e  a zapo6z- f r e e  su b u n its

The experim ent was performed in  standard  b u ffe r  a t  24"C. 
co n cen tra tio n s  were 14.4 uM -a-subunit and 10.4 y M -ap o s-s ite s .

P ro te in
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Figure 6 D iffe ren ce  spectrum  o f  th e  a 2h o lo 62-com plex and f r e e  su b u n its

. was performed w ith p ro te in  c o n c e n tra tio n s  o f 17.4 yM- 
15 .2  pM -ho?og-sftes in a b u f fe r  c o n ta in in g  the reag en ts

The experim ent

0 .2  tnM d i th io th r e i to l

20 yN PLP
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T h erefo re , in  k in e t ic  experim ents th e  a -su b u n it  c o n cen tra tio n  could 

be v aried  w ithou t ra is in g  th e  t o ta l  background absorbance o f the 

unassembled su b u n its .

For th e  assembly o f  th e  apo-complex, in c re a s in g  the a -su b u n it  concen­

t r a t io n  would in c re a se  th e  to ta l  background absorbance o f the  un­

assem bled su b u n its  due to  the i n t r i n s i c  absorbance o f the a -su b u n it 

a t  286 nm. The sm a lle r absorbanc, change due to  subun it assembly 

must then be measured a g a in s t a la rg e r  background s igna l req u irin g  

h igher s ig n a l a m p lif ic a tio n .  For t h i s  reason  v a rio u s dyes were in ­

v e s tig a te d  a s  to  t h e i r  s u i t a b i l i t y  f o r  use as probes of su b u n it a s ­

sembly in  th e  absence o f PLP.

3 .4 .2  Probes C o v alen tly  Bound to  Subunits

F luorescence energy t r a n s f e r  between FITC and RITC dyes would be 

expected  to  in c re a se  when th e  subunits., to  which th e  dyes a re  bound, 

assemble in to  th e  agGg-complex. This flu o re sc e n c e  energy t r a n s fe r  

would only be ob serv ab le  i f  a number o f  requ irem en ts are  s a t i s f i e d .  

One o f  th e se  requirem ents i s  th a t  th e  FITC and RITC m o eities  must 

not in h ib i t  subun it assem bly. I t  was th e re fo re  necessary  to  s ta n ­

d a rd ise  th e  su b u n it la b e l l in g  procedures in  o rd e r t h a t  they  m aintain 

t h e i r  maximum s p e c if ic  a c t i v i t i e s .

3 .4 .2 .1  L abe lling  o f  Subunits w ith  FITC and RITC

Both FITC and RITC con ta in  th e  iso th io c y a n a te  fu n c tio n a l group which 

re a c ts  w ith  uncharged amine groups un ly s in e  s id e  chains and the 

f re e  N-term inus o f th e  p ro te in .
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• Tryptophan synthase subun its  were re a c te d  w ith in c re a s in g  concen­

t r a t io n s  o f FITC and RITC and th e  c o n c e n tra tio n s  o f bound dyes and 

s p e c if ic  a c t i v i t i e s  of subun its  were determ ined (F igu re 7 ). The

a -su b u n it  m ain tained  i t s  maximum s p e c if ic  a c t i v i t y  as th e  e x ten t 

o f dye l a b e l l in g  was in c reased . In c o n tr a s t  th e  ho loB g-suhunit l o s t  

over h a lf  o f i t s  s p e c if ic  a c t i v i t y  as the  e x te n t o f la b e llin g  was 

in c rea sed .

The la rg e  d if fe re n c e  between th e  a -su b u n it  b ind ing  curves (F igure 7A) 

fo r  FITC and RITC suggests th a t  th e  a -su b u n it  b inds a propo rtion

o f th e  RITC dye in  a d i f f e r e n t  manner to  th e  b ind ing  o f the FITC

dye. Chromatography o f a -su b u n it  la b e l le d  w ith  a dye to  p ro te in  

c o n cen tra tio n  r a t i o  o f 6 :1 in d ic a te d  th e  p resence o f two d i f f e r e n t  

forms o f RITC la b e lle d  a -su b u n it  (F igure 8 ).

The f i r s t  peak in  F igure 8 e lu ted  a t  a p o s i t io n  c lo se  to  the arrow

and th e re fo re  e x h ib i ts  e lu tio n  behav iou r o f a g lo b u la r  p ro te in  w ith

a m olecular weight o f about 68 000. Al! o f th e  a -su b u n it  a c t i v i t y ,  

loaded on to  th e  column was recovered  in  th e  second peak of F igure 8 

{ fra c tio n s  10 to  28), w ith th e  f i r s t  peak having no d e te c ta b le  enzyme 

a c t iv i t y .  Although fu r th e r  experim ents were n o t perform ed, th e  mate­

r i a l  p re se n t in  the f i r s t  peak might be h igh ly  la b e l le d  in a c tiv e

dim ers o f th e  a -su b u n it  p re se n t in  very low c o n c e n tra tio n s ,

The e x te n t o f la b e l l in g  th e  a -su b u n it  p re se n t in th e  second peak 

of F igure 8 was in v e s tig a te d  as shown in  F igure 9. A fte r  removal

of th e  m a te ria l e lu te d  in  the  f i r s t  peak from a Sepahdex G-100 column, 

the  rem aining a -su b u n it  e x h ib its  a maximum r a t i o  of bound RITC to 

a -su b u n it co n cen tra tio n  of between 1 .5  and 2. This e x te n t o f la b e l l in g

matches th a t  o f la b e l l in g  th e  a -su b u n it  w ith th e  FITC dye (F igure 7A).

. i



Figure 7 The e x te n t o f  la b e l l in g  th e  e -s u b u n it  and holop2-su b u n it  
w ith  FITC and RITC

A. la b e l l in g  o f th e  a -su b u n it  w ith  FlTC(o) and RITC(e)

B. la b e l l in g  o f th e  ho loB a-subunit w ith FITC(o) and RITC(e)

Left hand ax is  (-------- ) n i s  th e ' r a t i o  o f th e  co n c e n tra tio n  o f bound
dye to  th e  c o n c e n tra tio n  o f a - su b u n its  o r 
,'ioloB]-protom ers.

Right hand a x is  ( ............ ) S p ec ific  a c t i v i t y  o f enzyme a f t e r  l a b e l l in g .

H orizontal a x is . The r a t io  o f th e  co n c e n tra tio n  of dye to  
th e  co n cen tra tio n  o f a -s u b u n its  o r h o log i- 
protomers in the re a c t io n  m ix tu re .
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Figure 8 E lu tion  p r o f i le  o f  RITC la b e lle d  a -s u b u n jt  passed  through 
a Sephadex G-100 column

;>Hparation o f 1 .5  m£ o f RITC la b e lle d  a -su b u n it  (2 mg/ml) on a Sephadex 
G-100 column (1 .6  x 30 cm) w ith standard  b u f fe r  a t  room tem pera tu re . 
The arrow in d ic a te s  the  p o s it io n  o f e lu t io n  of bovine serum albumin 
w ith a m olecular w eight o f 68 000, sep ara ted  under id e n t ic a l  
co n d itio n s.
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Figure 9 E xten t o f l a b e l l in g  th e  a -su b u n it  w ith  RITC

o -su b u n it o f 2 mg/mt was reac ted  w ith  500 yM-RITC f o r  0 to  120 m inutes 
and then passed through a Sephadex G-25 column. The e lu te d  p ro te in  
f r a c t io n  was then passed through a Sephadex G-100 column as shown 
in  F igure 8 .

L eft Hand Axis n i s  the  r a t i o  o f th e  co n cen tra tio n  of bound 
RITC to  th e  c o n c e n tra tio n  o f a -su b u n it .
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All experim ents performed w ith RITC la b e l le d  a -su b u n it  u t i l i s e d  a - 

subun it chromatographed on a Sephadex G-100 column.

3 .4 .2 .2  F luo rescence  Energy T ran sfe r Experiments

R a d ia tio n le ss  energy t r a n s f e r  from th e  p ro te in  bound FITC moeity 

to  th e  p ro te in  bound RITC m oeity would be expected to  occur upon 

subun it assem bly. This energy t r a n s f e r  would be in d ic a te d  by a de­

creased  f lu o re scen ce  a t  th e  maximum em ission  w avelength o f FITC (about 

520 rnn) and an in creased  f luo rescence  a t  th e  maximum em ission wave­

leng th  o f  RITC (about 580 nm).

D ifference f lu o re scen ce  sp ec tra  were ob ta ined  fo r  th e  assembly of 

the  azapoBa-complex with th e  a -su b u n it  la b e lle d  w ith  RITC and the 

B2- su b u n it  la b e l le d  w ith  FITC. F igure 10 i l l u s t r a t e s  the decreased 

flu o re scen ce  a t  520 nm due to  f lu o re scen ce  energy  t r a n s f e r .  This 

flu o re scen ce  d ecrease  was apparen t w ith in  20 seconds o f mixing the 

la b e lle d  su b u n its  and remained c o n s ta n t f o r  up to  30 m inutes (data  

not shown). As shown l a t e r  in Section  3 .5 .3 ,  su b u n it assembly involves 

slow re a c tio n s  which a re  observable  over p e rio d s o f 5 to  20 m inutes. 

T herefore t h i s  flu o re scen ce  energy t r a n s f e r  between RITC la b e lle d  

a -su b u n it  and FITC la b e lle d  62-su b u n it  could not be used to  m onitor 

th e  slow re a c tio n s  accompanying subun it assembly.

A second la b e l l in g  system was in v e s tig a te d  in  o rd e r  to  a s c e r ta in  

whether th e  slow rea c tio n s  invo lved  in  the  su b u n it assembly could 

be observed under d if f e r e n t  co n d itio n s . The c^BpoGz-complex was 

assembled w ith  u n lab e lled  apos2- su b u n it  and on equim olar m ixture 

o f a -su b u n it la b e lle d  w ith FITC and a -su b u n it  la b e lle d  w ith RITC.



This second la b e l l in g  system has th e  advantage th a t  the  02-su b u n it  

m ain tain s i t s  maximum s p e c if ic  a c t i v i t y  whereas in  th e  form er system 

re a c tio n  w ith FITC decreased  th e  02-su b u n it  a c t i v i t y .  In a d d itio n , 

the  a -su b u n it  m ain ta in s  i t s  maximum s p e c if ic  a c t i v i t y  when la b e lle d  

e i t h e r  w ith FITC o r w ith RITC (see F igure 7A).

The f lu o re scen ce  d iffe re n c e  spectrum o b ta ined  f o r  t h i s  la b e l l in g  

system i s  shown in F igure 11. The f lu o re scen ce  decrease  observed 

a t  520 nm was complete w ith in  20 seconds o f mixing th e  su b u n its  and 

remained c o n s ta n t f o r  up to  30 m inutes. As d iscu ssed  above, t h i s  

la b e l l in g  system could no t be used to  m onitor th e  slow rea c tio n s  

accompanying su b u n it assem bly. However, an im portant observa tion  

was made w hile reco rd ing  em ission sp ec tra  o f RITC la b e l le d  a -su b u n it 

mixed w ith apo62-su b u n it .  A s ig n i f ic a n t  d ecrease  o f 28% o f th e  in ­

t r i n s i c  RITC f lu o re scen ce  em ission was observed over 15 m inutes. 

This change in  th e  flu o re scen ce  o f th e  RITC bound to  th e  a -su b u n it 

occurred upon assem bly w ith apo62-su b u n it  i r r e s p e c t iv e  o f th e  presence 

of a -su b u n it  la b e l le d  w ith FITC, F igure 12 i l l u s t r a t e s  the RITC 

flu o re scen ce  d ecrease  accompanying su b u n it assem bly.

The RITC probe provides a s e n s i t iv e  means o f m on ito ring  subun it a s ­

sembly and has been used in  stopped-flow  experim ents (see Section  

3 .5 .3 .2 ) .



ire  10 F luorescence sp e c tra  and d if fe re n c e  spectrum  o f la b e lle d
su b u n its  and th e  assem bled c^apo^-com plex

Emission sp e c tra  o f la b e l le d  su b u n its  and assembled a 2apoe2- 
complex in  standard  b u ffe r  a t  24*C. Spectra  were recorded a t  
an e x c i ta t io n  wavelength o f 475 nm.

( - - - )  2 .8  uM -a-subunit la b e l le d  w ith  RITC
( . . . )  1 ,6  uM -apoB-sites. la b e l le d  w ith  FITC
(— ) a m ix ture  o f th e  la b e lle d  su b u n its  a t  eq u iv a len t con-

c e n tra tr io n s

D iffe rence  flu o re scen ce  spectrum  o f th e  assem bled a 2apoB2-complex 
and la b e lle d  su b u n its  as shown in graph A.
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Figure 11 Fluorescence sp e c tra  and d if fe re n c e  spectrum  o f la b e lle d
su b u n its  and th e  assembled ozapoBa-complex

A Emission sp e c tra  o f  la b e lle d  subunfts and assembled a 2apofl2- 
complex in  s tan d ard  b u ffe r  a t  24°C
Spectra  were recorded a t  an e x c i ta t io n  w avelength o f 475 nm.

(— ) A m ixture  o f 1 .5 pM -a-subunit la b e l le d  w ith  RITC and
1.5 tiM -apoB-sites.

( . . . )  A m ixture o f 1.5 yM -a-subunit la b e l le d  w ith FITC and
1.5 viM-apofi-sites

{— ) A m ixture  of 1 .5 uM-cvsubunit la b e l le d  w ith RITC,
1.5 yM -a-subunit la b e lle d  w ith FITC and 1.5 uH-apos-

B D ifference flu o re scen ce  spectrum of the assem bled o^apoBz-compIex 
and la b e lle d  a -su b u n it  and apoBg-subunit as shown in Graph A.
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F igure 12 F luorescence decrease  o f  RITC bound to  th e  a -su b u n it  a f t e r  
a d d itio n  o f apo02-su b u n it

The flu o re scen ce  em ission of 1 yM -a-subunit la b e lle d  w ith RITC was 
m onitored a t  590 nm. A fte r  2 m inutes 2 pM -apoe-sites was added and 
the flu o re scen ce  was observed • f o r  18 m inutes. The s ig n a l change 
rep re se n ts  a d ecrease  o f about 28% o f  th e  s ig n a l p r io r  to  ad d itio n  
of apo02-su b u n it .  The experim ent was performed in  s tandard  b u ffe r  
a t  24°C and th e  e x c i ta t io n  w avelength was 560 nm.
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3 .4 .3  Probes N on-covalen tly  Bound to  Subunits

Although th e  c o v a le n tly  bound RITC probe proved usefu l 1n m onitoring 

subun it assem bly, la rg e  am plitudes a re  on ly  obta ined  w ith  r ea c tio n s  

where th e  B a-subunlt c o n cen tra tio n  i s  in excess over the  a -su b u n it 

co n cen tra tio n . Under co n d itio n s  where th e  a -su b u n it  concen tra tio n  

i s  in excess over th e  e 2-subun1t  c o n c e n tra tio n , the am plitudes ob ta ined  

are  low er. A d i f f e r e n t  type o f probe th a t  e x h ib i ts  la rg e  am plitudes 

even w ith a -su b u n it  in  e x cess , would th e re fo re  complement the  RITC 

probe system. For t h i s  reason a l te r n a t iv e  probes were sought th a t  

would m onitor su b u n it assembly by a mechanism d i f f e r e n t  from th a t  

o f the  RITC probe.

Two probes th a t  are  n o n -covalen tly  bound to  the  tryp tophan  synthase 

subun its  were found which allow  su bun it assembly to  be follow ed e i th e r  

by m onitoring  f lu o re scen ce  o r absorbance changes. F luorescence changes 

accompanying su b u n it assembly were observed in  the presence o f th e  

ANS probe w h ile  the  8PB probe provided absorbance changes. However, 

before th e se  probes could be used *wo p o s s i b i l i t i e s  had to  be in v es­

t ig a te d .  The f i r s t  was w hether the  probes bind to the a -su b u n it ,  

th e  B g-subunlt o r to  th e  &2e 2-complc^ and th e  second was w hether 

the probes i n h ib i t  su b u n it assembly.

The r e s u l t s  p resen ted  below d e riv e  from in v e s t ig a t io n s  in to  the b inding 

and in h ib i to ry  p ro p e r t ie s  of th e  ANS and BPB probes.



3 .4 .3 .1  The B inding o f  AJiS to  th e  ApoB2-S u b u n it by Equilib rium  D ia ly s is

E quilib rium  d ia ly s i s  was used to  in v e s t ig a te  th e  binding  of ANS to  

th e  apoB z'Subunit. A Scatchard p lo t f o r  t h i s  bind ing  is  shown in 

F igure 13.

The n o n - l in e a r i ty  o f th e  p o in ts  in  F igure 13 in d ic a te s  th e  presence 

o f  two i n t r i n i s i c a l l y  d if f e r e n t  c la s se s  o f b inding s i t e s  on the apo62- 

su b u n it fo r  th e  ANS lig an d . At low lig an d  co n c e n tra tio n s  th e  lower 

a f f i n i t y  s i t e s  do n o t p lay  a s ig n i f ic a n t  ro le  in  th e  binding  p ro p e r tie s  

o f  th e  apoB z-subunit. The s ig n i f ic a n t  ro le  played by th e  h igher 

a f f i n i t y  s i t e s  was in v e s tig a te d  by f lu o re scen ce  and absorbance t i ­

t r a t io n s  in  th e  presence of low lig an d  co n c e n tra tio n s . The r e s u l t s  

o f ' >ese in v e s t ig a t io n s  a re  desc rib ed  in  th e  fo llow ing  se c tio n .

3 .4 .3 .2  The Binding o f th e  ANS and BPB Probes to  Tryptophan Synthase

Subunits

F luorescence and absorbance s p e c tra l  changes accompany the binding  

o f  ANS and BPB to - th e  a -su b u n it ,  apoB z-subunit and th e  a 2apoB2-complex 

re s p e c t iv e ly .  F igures 14 and 15 re p re se n t ty p ic a l sp e c tra l  changes 

f o r  th e  b inding o f th e  probes to  th e  su b u n its .

Q u a n tita tiv e  measurement of th e  bind ing  o f th e  ANS and BPB lig an d s  

by th e  h igher a f f i n i t y  s i t e s  o f th e  su b u n its  was achieved by f lu o ­

rescence and absorbance t i t r a t i o n s  re s p e c t iv e ly .  The flu o rescen ce  

enhancement r e s u l t in g  from ANS binding  i s  shown in  Figure 16 w hile

th e  absorbance enhancement r e s u l t in g  from 8P8 binding  is  shown in

F igure 17. The d a ta  was analysed by th e  method o f W ilkinson (1961),
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as d escribed  in  S ec tion  2 .6 .4 ,  and the v arious binding  param eters

are  c o lle c te d  in  Table 5.

T i t r a t io n s  performed by adding ANS and BPB l ig a n d s  to  p ro te in  so lu tio n s

r e s u l t  in  high co n cen tra tio n s  o f th e  lig an d s  w ith  s e l f  quenching 

o f ANS flu o re scen ce  and high absorbance o f BPB s o lu t io n s .  Therefore

the t i t r a t i o n s  weie performed by adding p ro te in  to  th e  lig an d

s o lu tio n s . The form er t i t r a t i o n  method r e s u l t s  in  sa tu ra tio n  of 

p ro te in  b inding s i t e s  w ith  accu ra te  d e te rm in a tio n  o f the  number of 

s i t e s  occupied. The second t i t r a t i o n  method ach ieves sa tu ra tio n  

when a l l  lig an d  is  in  a bound form and a high p ro te in  concen tra tio n  

e x is t s .  Under th e se  co n d itio n s th e  maximum number o f lig an d  m olecules 

bound per p ro te in  m olecule would be one. This t i t r a t i o n  method is  

weighted towards th e  d e te rm in a tio n  o f bind ing  co n s ta n ts  and not the 

number o f s i t e s .  For t h i s  reason th e  v a lues  of n in  Table 5 a re  

only approximate and m erely In d ic a te  tre n d s  in  th e  binding  behaviour 

of th e  p ro te in s  concerned.

An a n a ly s is  o f th e  lig an d  and su b u n it bind ing  s to ic h io m e tr ie s  provides 

a p o ss ib le  mechanism whereby the ANS and BPB dyes provide signal 

changes which r e f l e c t  su b u n it assembly (Table 6 ). The to ta l  number 

o f moles of lig an d  bound to  unassembled su b u n its  in  l in e  3 of Table 6 

rep re se n ts  th e  maximum ligand  b inding p r io r  to  subun it assem bly. 

Line 4 of Table 6 shows th a t  assembled a 2apoB;>-cornplex binds le s s

lig an d  than t h e  unassembled su b u n its . This im p lies  th a t  th e  assembly 

o f subun its  in to  th e  a 2apoe2-complex must r e s u l t  in  th e  d is so c ia tio n

r a p ropo rtion  of bound lig an d . Since unbound lig an d  has lower

f i > 'rescence o r absorbance than bound lig an d  (see Table 5 ), the  d is ­

so c ia tio n  of ligand  r e s u l t s  in  p a r t  o f the s igna l change observed

.1  '
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during  subun it assem bly. I t  i s  a lso  p o ss ib le  th a t  s igna l changes

re s u l t  from a l t e r a t io n s  in  the  i n t r i n s i c  flu o re scen ce  and absorbance 

values of the  re sp e c tiv e  lig an d s  due to  a l te r e d  loca l environment 

during  subun it assembly.

The k in e t ic s  o f th e  b inding of ANS and BPB dyes by th e  a -su b u n it,  

apo62-su b u n it  and th e  a 2apos2-complex was a lso  in v e s tig a te d . This 

was necessary  in  o rd e r to  ensure th a t  th e  dye binding  and d is so c ia tio n  

Is  f a s t e r  than su b u n it assem bly. Under th e se  co n d itio n s  the s ig n a ls  

derived  from th e  probes would n o t m erely r e f l e c t  th e  d isso c ia tio n  

of th e  probes from th e  su b u n its . On th e  c o n tra ry , th e  probes would 

r e f l e c t  the  su b u n it assem bly. In a d d itio n  th e  concen tra tio n  a t  which 

th e  probes may be used must be such th a t  i n h ib f  io:' o f subun it assembly 

is  kept a t  a minumum. The k in e t ic  experim ents th a t  were performed 

are  d escribed  in  Section  3 .5 .2 .



F igure 13 Scatchard  p lo t  o f  ANS b ind ing  to  th e  apogg-subunit
in v e s tig a te d  by equ ilib riu m  d ia ly s i s

Various co n cen tra tio n s  o f ANS were d ia ly se d  a g a in s t 16 pM -apoe-sites 
in  standard  b u ffe r  a t  room tem perature .
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Figure 14 F luorescence sp e c tra l  changes 
to  th e  o -su b u n it

Lower Curves 20 pM-ANS in  standard  b u ffe r

Upper curves 20 yM-ANS in the presence o f
b u f f e r  a t  24'C

(— -)  E x c ita tio n  sp ec tra  »• ".orded
o f 508 nm fo r  ANS and 470
su bun it

( . . . ) Emission spec tra  recorded a 
o f 365 nm.

accompanying ANS b inding 

a t  24°C

14 yM -a-subtm it in standard

a t  an em ission wavelength 
nm in  th e  presence o f a -

t  an e x c i ta t io n  wavelength
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Figure 15 Absorbance s p e c tra ]  changes accompanying BPB binding

(—- )  0.92  y/if-SPg in standard b u f fe r  a t  24°C

(— ) 9.92  pM-BPB in  th e  presence o f 48.4 uM-apo6- s i t e s
in s tan d ard  b u f fe r  a t  24°C.
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Figure 16 F luorescence enhancement as ANS b inds to  p ro te in

The flu o re scen ce  o f 20 uM-ANS in  s tandard  b u ffe r  a t  24*C was measured 
as th e  p ro te in  c o n cen tra tio n  in c rea sed . Excita  -ion wavelength was 
400 nm and the em ission wavelength was 475 nm.

H orizontal l in e s  on the r ig h t  hand s id e  re p re se n t th e  maximum 
flu o re scen ce  in t e n s i t i e s  fo r  20 yM-ANS bound to  the p r o te in s . Curves 
have been drawn w ith  th e  param eters l i s t e d  in  Table 5.

( . . . )

( . . . )

f— )

a -su b u n it

apoe2-su b u n it

a 2apo(.5-complex.
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Figure 17 Absorbance enhancement as BPB b inds to  p ro te in

The absorbance of 9,92 yM-BPB in  standard  b u f fe r  a t  24*C was 
as the  p ro te in  concen tra tio n  in c rea sed . The absorbance was 
a t  611 r,m.

H orizontal l in e s  on the r ig h t  hand s id e  re p re se n t the 
absorbance In c rea ses  fo r  9 .92 yM-BPB bound tc  th e  p ro te in s , 
have been drawn w ith the param eters l i s t e d  in  Table 5.

( . . . )  e -su b u n it

( - - - )  apoe2-subun i1:

(— ) n2apo|32-comp1ex

measured
measured

maximum
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Binding Param eters f o r  ANS and .8PB binding  to  a -su b u n it ,  
apoB ?-subunit and a 2apo62-complex

The maximum number o f moles o f lig an d  bound per mole o f 
p ro te in

The maximum flu o re scen ce  i n t e n s i t i e s  and absorbance changes 
r e s u l t in g  from ANS and BPB binding re s p e c t iv e ly .



ANS 8PB

Protein n A ssociation  
con stan t (K) 

( oM'1)

FImax A ssociation  
con stan t (K) 

(uM"1)

W

a-su b u n it 0 .6 0.09 425 1 0.05 0.160

apo62-subum‘t 2 .3 0.07 480 0.41 0.610

1.3 0.24 280 0.12 0.550- ;



TABLE 6 A n a ly s i s  o f  l i g a n d  and p ro te in  b ind ing  s to ic h io m e tr ie s

The values of n have been taken from Table 5



Line P ro te in

ANS BPS

2 moles o f a -su b u n it 1.2 2

1 mole o f apoBa'Subim it 2.3 2 .3

Total lig an d  bound to  2 moles o f a -su b u n it 
and 2 mole o f  apos2-su b u n it p r io r  to  
subun it assembly 3.5

1 mole o f a 2apoB2-coniplex 1.3

Ligand not bound to  p ro te in  a f t e r  assembly
2.2



3 .5  K in e tic s  o f  Subunit-Dye In te ra c t io n s  and Subunit Assembly

3 .5 .1  R elaxation  Times fo r  V arious Binding Mechanisms

In th i s  s e c tio n  eq ua tions w ill be derived  r e la t in g  re la x a tio n  tim es 

to  ra te  co n s tan ts  and re a c tn n t co n cen tra tio n s  fo r  a number of d if f e r e n t  

bind ing  mechanisms.

S ing le  S tep Mechanism

C onsider th e  b im o lecu lar re a c tio n  o f sp ec ie s  A and 6 to  g ive spec ies  

C as shown in  Equation 11 (B ernasconi, 1976).

AtB-rr"c (11)
The re sp e c tiv e  eq u ilib riu m  co n cen tra tio n s  o f re a c ta n ts  and products 

a t  any tim e, t ,  a re  given by [A ], [B] and [ C ] . I f  th e  system i s  qu ick ly  

pertu rbed  in  such a way th a t  th e  e x is t in g  co n c e n tra tio n s  o f re a c ta n ts  

and products a re  no longer eq u ilib riu m  c o n c e n tra tio n s , then the system 

w ill  e x h ib i t  a r e la x a tio n  to  a new eq u ilib riu m  p o s i t io n .  The new 

eq u ilib riu m  co n cen tra tio n s  o f r e a c ta n ts  and products are  then  given 

by [A ] , [ i ]  and [C] w ith th e  changes in  co n c e n tra tio n s  defined  by 

th e  fo llow ing  th re e  eq ua tions.

[A] » IB] + a[A]

[B] -  [B] + a[B]

[C] = [ C ]  + A[C]

The r a te  o f change o f the  c o n cen tra tio n  o f product C in Equation 11



- ^ £ 1  -  k .„ [A |[B I -  k . i f C l .  

and the s u b s t i tu t io n  of th e  above th re e  eq u a tio n s r e s u l t s  in 

t S 4 f L  ■ k titA H B )  + k+1( I» ]a [B ]  + [S ]a [A l)

+ k+i &[A]a[B] -  k .^ C ]  -k _ ;6 [C ] .

At the new eq u ilib riu m  p o s itio n

■ 0 -  k+1(A liB l -  k .,IC ]

and s u b s t i tu t in g  i  th e  p reced ing  eq u a tion  r e s u l t s  in

Equation 12.

- ^ £ 1  = U i( [ A l l [ B ]  + [B ]1 [A I)  + k t ,  -  k_ ,a[C l (12)

Relaxation k in e t ic s  re q u ire s  th e  p e r tu rb a tio n s  o f co n cen tra tio n s to

be small rompared w ith  to ta l  co n cen tra tio n s  of sp ec ie s  in  o rd e r to

lin e a r iz e  eq ua tions such as Equation 12. This im plies th a t  a (A ] , 

MB] «  I ty  ,[B ] and the k+, A[A]a[B] term can then  be n eg lec ted  in 

Equation 12.

For th e  sto ich io m etry  of and f o r  mass co nserva tion  in  equation  11 

A[A] = MB] and a[A] + a[CJ = 0.

S u b s titu tio n  o f  th e se  eq ua tions in to  Equation 12 g ives

■ - l k „ ( [ R ]  t  [ B) )  t  k. , 1  MCI



and th e  in te g ra t io n  o f t h i s  d i f f e r e n t ia l  eq ua tion  g ives Equation 13.

A[C] = A[C°] -exp ( - [ k +1([M] + [ 8 ] )  + k - i l t )

= 6(C °I exp ( - t / r ) .  (13)

The re la x a tio n  tim e ( t ) in  Equation 13 i s  defined  as th e  time taken

for- th e  c o n cen tra tio n  o f spec ies  C to  decay to  1 /e  o f the  co n cen tra tion

o f zero  tim e { [C ° ] ) and i s  re la te d  to  th e  eq u ilib riu m  concen tra tio n s

and r a te  c o n s ta n ts  as shown in Equation 14.

' k+i ( [* !  + IB }) + k_; (14)

Experiments where re a c ta n ts  A and 8 a re  mixed to  I n i t i a t e  re a c tio n , 

cannot g en e ra lly  be analysed  b y re la x a tio n  k in e t ic s  because th e  changes 

in  co n cen tra tio n s a[A] and 6[B] a re  n o t small in  comparison to  [A] and 

[ 5 ] .  T herefore the k+ iA [A H U ] term cannot be neglec ted  and 

equation 12 cannot be l in e a r iz e d ,

However, mixing experim ents under p s e u d o - f i r s t  o rd e r co n d itio n s r e ­

q u ire s  th a t  one o f th e  r e a c ta n ts  I s  in  v a s t excess over the second 

r e a c ta n t .  Under th e se  co n d itio n s [A] >> [ B] = a[A] , a[B] and the 

k+1a lA ]6 [B ' term becomes small in comparison to  th e  o th e r  te rn s  o f 

Equation 12. N eglecting th i s  term from Equation 12 and in te g ra tin g  

the r e s u l ta n t  equa tion  g iv es  Equation 15.

a[C] = A[C6 ] exp{-[k+1([A ]+ [B ]) + k - i l t )  = i [ ; Ble x p ( -k ’t )  (15)

The observed pseudo f i r s t  o rd e r ra te  co n s tan t (k 1) i s  re la te d  to  the 

equ ilib rium  co n cen tra tio n s  and ra te  c o n s ta n ts  as shown in Equation 16

%



Forward and rev e rse  ra te  co n s tan ts  a re  ob ta ined  from the slopes and 

in te r c e p ts  o f l i n e a r  p lo ts  o f  t -1 o r k ' versus  [A0] where [A0] is  

th e  o r ig in a l concen tra tio n  of sp ec ies  A.

M ultip le  Binding S i te s

I f  Mechanism 31 re p re se n ts  a bind ing  re a c tio n  of sp ec ie s  A and B, 

then Mechanism 17 rep re se n ts  th e  b inding re a c tio n  with C rep laced  

w ith sp ec ie s  AB.

I f  sp ec ies  B has N in t r i n s i c a l l y  id e n tic a l b inding s i t e s  fo r  spec ies  

A, the  sequ en tia l bind ing  o f A to  B i s  rep resen ted  by Equation 18.

vith d is s o c ia tio n  c o n s ta n ts  given by

(18)

The seq u en tia l d is s o c ia t io n  c o n s ta n ts  in  Equation 18 a re  r e la te d  to  

th e  in t r i n s i c  d is s o c ia tio n  co n sta n t (K) fo r  th e  bind ing  of A to  each 

s i t e  on spec ies  B by th e  s t a t i s t i c a l  f a c to r  in  Equation 19.



( N + l J - n  x  K
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(19)

where n = 1 ,2  N

For N b inding s i t e s  on B, th e re  a re  N p o ss ib le  re c ip ro c a l re la x a tio n  

tim es r e la t in g  to  N b inding s te p s . One o f the N re c ip ro c a l re la x a tio n  

tim es i s  given by Equation 20 which d i f f e r s  from Equation 14 in  th a t  

th e  c o n cen tra tio n  of B i s  rep laced  by th e  co n cen tra tio n  of unoccupied 

b inding s i t e s  on B. The o th e r  rec ip ro ca l re la x a tio n  tim es a re  derived  

below.

The i n t r i n s i c  forw ard and reverse  ra te  c o n s ta n ts ,  r e la te d  to  th e  binding 

o f A to  bind ing  s i t e s  on B, a re  ob tained  from the s lo p es  and in te r c e p ts  

re sp e c tiv e ly  o f  a l in e a r  p lo t o f k ' versus  ( [S ]  + X [B ]).

Two Step Mechanisms

C onsider th e  b im o lecu lar re a c tio n  o f sp ec ie s  A and B to  give C which 

undergoes an unim olecular re a c tio n  to  produce D as shown in Mechanism 

21 (B ernasconi, 1976).

k ‘ = = k+1([A] + X [B ]) + k. ( 20)

w h e r e  X l B ]  =  ^  n  [ A ^ _ ^ B ]

k+i
A + B D ( 21)

The two p o ss ib le  rec ip ro ca l re la x a tio n  tim es fo r  Mechanism 21 are  

coupled through sp ec ie s  C which is  common to  both re a c tio n s .



The lin e a r iz e d  r a te  eq ua tions fo r  spf.c ies C and D are  given below.

-  k t l U « ) + [ B 1 )  4 [ A )  t  k . j i t o .  -  k+ 2 i [ C ]  -  k . , » [ c ]

-  k+ 2 i [ c ]  -  k . 2  i t 01.

These two eq ua tions a re  combined w ith th e  conserva tion  o f  mass re q u ire ­

m ent, a [A] + ti[D] + a[C] = 0, to  give

-  (k + iU A M B M  + k+z + k .j)A [c ]  + (k+1( [ 5 ] + [ ^ i ) - k - 2 )6[D]

= - k + j i t c ]  + k -2 f i[ o]

The two eq ua tions above may be so lved  sim u ltaneously  (B ernasconi, 

1976) to  g ive S o lu tio n s 22 and 23.

V 1 + V 1 -  + k _ i+ k + :+ k . :  (22 )

t , - 1 T , - '  -  k+1 (k+a+k-a ) ( [ R ] + (B I )  + k . j k -8  (23)

I f  the b im olecular re a c tio n  o f A and B is  s u f f ic ie n t ly  f a s te r  than 

the unim olecular re a c tio n  o f C to  D, then th e  re c ip ro c a l re la x a tio n  

tim e o f the independent f a s t e r  stop  i s  giver, by Equation 14.

Thu second re c ip ro c a l re la x a tio n  tim e i s  given by

t , ~ l k+i {k+2+k.2) ( [ f i ] + [ B ] ) -i- k . ik - 2

T j" 1 k + i ( [ 5 ] + [ 5 ] ) + k-..

which s im p lif ie s  to  Equation 24.
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U 2 ( [ a ] +[ b1 )
+ k_2 '  (24)

2 1L1+ ([R ]h-[B1)

where K_i = k - i/k + i

The h yperbo lic  p lo t o f r 2 11 versus ( [R ]+ [6 } ) may provide values fo r 

Kj, k+2 and k .2 i f  re c ip ro c a l re la x a tio n  tim es can be ob ta ined  over 

a s u f f ic ie n t ly  wide range o f [A] and [B] c o n c e n tra tio n s :

t 2-1 « k..2 whan [A] + [B] «  K.j

T2_ 1 » k42+k -2 when + »  K-i

and K.j i s  ob ta ined  from th e  slope o f  the graph of

( t 2-1  -  k -2)* ’ versus  ([fiJ + tB D '1.

The o v e ra ll  a s so c ia tio n  co n s tan t f o r  Mechanism 21 i s  given by

and th e  two p a r t ia l  equH ibrlufli c o n s ta n ts  are  given by

Combination of these  th re e  eq ua tions y ie ld s

m x m
{1 + k+2/ k . 2 }



which s im p lif ie s  to  g ive Equation 25.

K -  Kj (-------— ) -  K1 (1 + Kg) (25 )

A second example o f  two s te p  mechanisms which w tli  be considered  here 

i s  th a t  o f two seq u en tia l b im o lecu la r re a c tio n s  as shown in  Mechanism

K+l

The lin e a r iz e d  r a te  eq ua tions fo r  sp ec ie s  C and E a re  given below

k t ,  U A ! < - [ 6 i ) i  [ A ]  +  k . 2a [ E ]  -  k „ , « t c ]

-  kt 2 U 6] + [B ]  ) i t c ]

•  k+2 ( [ C ]  +  [ D ]  ) l[C ] -  k _ z  M E ]

For conserva tion  o f mass a[A] + n[C] + a [E ] = 0 , and the fo llow ing 

two d i f fe r e n t ia l  equa tions are  o b ta ined .

= fk+jirAj+rB])'* k .j  + k+2 ( m +E B ])H tC ]

+ [ k+i ( t A] + [ B] ) - k .2]a [E ]

~ ^d i^  ~ = "k+2( [ C]+ [0 ])& [C] + k_2A[E]

Solving th ese  sim ultaneous equa tions g ives so lu tio n s  27 and 28.



V 1 ^ - 1 = k + ^ tM + lB ] )  + k + a d C l+ lD ])  + k .!  + k_2 (27)

= k+1k+2(fA ]+[B ] ) ( [C )+ [D ]) + k.H k . 2( [A l+ [B ])

+ K l* -z (28)

A sp ec ia l case u f Mechanism 26 is  th e  b inding of two monomers to  

id e n tic a l s i t e s  on a dimer as shown in  Mechanism 29.

k+2

S pecies C, D and £ o f  Mechanism 26 have been rep laced  w ith  AB, A md

A2B re s p e c tiv e ly .  Equations 27 and 28 fo r  Mechanism 26 a re  th e re fo re

m odified to  g ive th e  fo llow ing  two eq u a tio n s.

t i -1 + Ta-1 = k + i([A )+ [B ]) + k+2([AB3*[A] ) + k_j + k .2

= k+1k+2((A ]+ [B ])([A B 3+[A ]) + k+1k_2 ([A )+ [B ])

+ k_ik_:

When the f n f t i a l  concen tra tion  o f  A is  in  v ast excess  over  the  i n i t i a l  

concen tra tio n  o f B ([A 0] »  [B0] ) ,  th e  two equa tions above sim p lify  

to  Equations 30 and 31

k j '+ k 2‘ = (k+j + , t 2)[A03 + k_i+k_2 (30)

k i ' k2 ' -  k+jk+2[ A0 ] 2 + k+ik_2(Acl] + k_1k_2 (31)



3 .5 ,2  K in e tic s  o f  Pro tein /D ye In te ra c tio n s

The ANS and BPB dyes bind to  each o f th e  a -su b u n it ,  apo62~subunit 

and dgapoBz-complex w ith d if f e r in g  a f f i n i t i e s  and s to ic h io m e tr ie s . 

(See Table 6 fo r  a summary of th e  dye b inding s to ic h io m e tr ie s ) .

During subun it assem bly, the  free  dye co n c e n tra tio n s  w ill a l t e r  as 

w ill the  r a t io s  o f dye bound to each o f th e  th re e  p ro te in s  involved . 

This r e d is t r ib u t io n  o f th e  dyes must occur a t  a f a s t e r  r a te  than the 

subun it assembly re a c tio n s  in  o rd e r to  u t i l i z e  th e  dye absorbance 

o r f luo rescence  changes to  m onitor the  e x te n t o f su b u n it assembly. 

A second requirem ent fo r  th e  use o f  ANS and 6PS as probes fo r  th e  

subun it assembly i s  t h s t  th e  dyes must not i n h ib i t  th e  subun it assembly 

to  any s ig n if ic a n t  degree.

K inetic  s tu d ie s  o f th e  b inding o f  ANS and BPB by the a -su b u n it ,  apes*" 

subun it and a 2apoB2‘ Complex were performed in  o rd e r to  ensure th a t  J

the p ro te in -dye  in te r a c t io n s  do not occur in  the same tim e period  -j

a s  the  subun it assem bly rea c tio n s . The r e s u l t s  o f th e se  s tu d ie s  a re  t
"W

presented  below. In h ib itio n  o f subun it assembly by ANS was a lso  .4

in v e s tig a te d  and the r e s u l t s  a re  given in  Section  3 .5 .2 .3 .  . :
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3 .5 .2 .1  K in e tic s  o f  BPB In te ra c tio n s  w ith  Tryptophan Synthase and 

i t s  Subunits

The b inding o f th e  BPB ligand  to  the  a -su b u n it ,  apo02-su b u n it and 

the a 2apoe2-comp1ex was s tu d ied  in  th e  pressure-jum p appara tus .

All th re e  p ro te in s  e x h ib ited  an exponen tia l in c re a se  in  absorbance 

which was complete w ith in  15 seconds fo llow ing  a p re ssu re  re le a se  

o f 10 to  20 MPa. F igure 18 p re sen ts  a ty p ic a l re la x a tio n  curve fo r  

the apoB a-subunlt. Pressure-jum p experim ents w ith on ly  BPB in s tandard  

b u ffe r  re s u lte d  in  a small am plitude absorbance decrease  which was 

complete w ith in  5 ms. The i n i t i a l  decrease  in  absorbance observed 

in Figure Id was a lso  observed  w ith  o -su b u n it and c^apoBj-complex 

and i s  th e re fo re  independent of th e  bind ing  of BPB to  th e  p ro te in s .

Figure 19 shows th e  l in e a r  in c rease  o f  rec ip ro ca l re la x a tio n  tim es  

w ith p ro te in  co n cen tra tio n s  1n th e  p resence o f 5 yM-BPB. This m- 

c e n tra tio n  dependence i s  c o n s is te n t w ith  a b inding mechanism such 

as th a t  given in  Equation 32.

P + n BPB -■■■ P(3t>B)n (32)

where P re p re se n ts  the a -su b u n it ,  apos2- su b u n it  o r th e  c^apoBrcom plex. 

and n re p re se n ts  the  number o f moles of BPB bound per mole o f p ro te in .

The rec ip ro ca l re la x a tio n  tim e c o n cen tra tio n  dependence i s  given by 

Equation 20 (see Section  3 .5 .1  fo r  the d e r iv a tio n  o f Equation 20).



k+i([BPs] + X[P])

where X[P] = I  n[ P(BPB)^N_n j]

The da ta  p o in ts  in  F igure 19 have been f i t t e d  to  Equation 20 by an 

i te r a t iv e  procedure o f f i t t i n g  a le a s t  squares l in e  through th e  p o in ts  

and c a lc u la tin g  th e  a p p ro p ria te  d is s o c ia tio n  c o n s ta n ts . The f re e  

p ro te in  s i t e  and f re e  BPB co n cen tra tio n s  were c a lc u la te d  from the 

to ta l  co n cen tra tio n s and th e  c a lc u la te d  d is s o c ia t io n  c o n s ta n ts . The 

param eters ob ta ined  from th ese  experim ents a re  given in  Table 7.

The a s so c ia tio n  co n s tan ts  ob tained from k in e tic  experim ents (K+I) a r e  

in  agreement w ith those ob tained  from eq u ilib riu m  measurements except 

fo r  the  apoe2-su b u n it (see Table 7 ). This d isagreem ent im p lies th a t  

a more complex mechanism than th a t  given in  Equation 32 governs the 

binding o f BPB to  th e  apoB g-subunit. For th e  purposes o f th is  

in v e s tig a tio n  the mechanism fo r  apoe2- su b u n it  bind ing  BPB was not 

req u ired . The im portant conclusion  i s  th a t  th e  forw ard and reverse  

ra te s  a re  much f a s t e r  than the r a te s  o f subun it assem bly (see Section  

3 .5 .3 .1 ) .

The f re e  BPB may then  be considered  to  be in  eq u ilib riu m  w ith the 

p ro te in  bound BPB during  the course o f subun it assem bly.



FIGURE IB Transm ission change o f BPS in  th e  presence o f  apoB2-su b u n it  
fo llow ing  th e  re le a se  o f  10 MPa p re ssu re  a t  th e  0.05s 
p o s itio n

The p ressure-jum p experim ent was performed w ith 24.4 uM- 
ap o g -s tte s  and 5 yM-BPB in  standard  b u ffe r  a t  24°C.



TR
AN

SM
IS

SI
ON

 
{%

) 
611

 
nm

F I GURE 18



Figure 19 C oncentration  dependence o f th e  re c ip ro c a l re la x a tio n  
tim es f o r  th e  in te ra c t io n  o f  BPB w ith  th e  a • 'Subunit, apogg- 
su b u n it and ogapoBa-complex

The d a ta  was ob ta ined  from p ressure-jum p experim ents i 
co n cen tra tio n s  o f  the re sp ec tiv e  pr-oteins were varied  
b u ffe r  con ta in in g  5 uM-BPB.

Solid  l in e s  were drawn as described  in th e  te x t .

A: a -su b u n it

B: apoe2-subun1t

C: a 2apo62-complex.

n which the 
in  standard
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TABLE 7 K ine tic  param eters and a s so c ia tio n  co n s ta n ts  f o r  th e  bind ing  
o f BPS to  th e  o -su b u n it ,  apoB2-su b u n it  and a 2apoB2-complex 
o f  tryp tophan  synthase

(a ) K+! = k + i/k .1  = s lo p e / in te rc e p t

(b ) The a s so c ia tio n  co n s tan ts  from Table 5 a re  included  fo r  
comparison.



 £.
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3 .5 .2 .2  The K in e tic s  c? ANS In te ra c t io n s  w ith  Tryptophan Synthase

and i t s  Subunits

The k in e tic s  o f ANS b inding to  the a -su b u n it ,  apo82-su b u n it  and o2apoB2- 

complex was s tu d ied  in  th e  stopped-flow  ap p a ra tu s . No re a c tio n s  were 

observed when 100 uM-ANS was mixed w ith a -su b u n it  o r w ith  the a 2apoB2~ 

complex. This im p lies  th a t  the b inding o f ANS to  th e se  p ro te in s  is  

compi ue w ith in  the dead tim e o f th e  in trum ent.

Mixing experim ents w ith the apoB2- su bun it showed a rap id  increase  

in  flu o re scen ce  follow ed by a slow er in c rease  as shown in 

F igure 20. No fu r th e r  f luo rescence  changes were observed up to  a 

period  o f 5 m inutes.

The im portan t conclusion  here  i s  th a t  no re a c tio n s  tak e  p lace  in  th e  

same tim e period  as th a t  o f subunit assembly (see S ection  3 .5 .3 .1 ) .

3 .5 .2 .3  E ffec t o f ANS C oncentration  on th e  K in e tic s  o f Subunit 

Assembly

High ANS co n cen tra tio n s  were found to  in h ib i t  th e  subun it assembly 

whereas low ANS co n cen tra tio n s d id not prov ide la rg e  enough f lu o ­

rescence s ig n a ls  fo r  m onitoring .su b u n it assem bly. For these  reasons 

th e  e f f e c t  o f ANS co n cen tra tion  on th e  k in e t ic s  of subun it assembly 

was s tud ied  to  f in d  th e  most s u ita b le  ANS c o n cen tra tio n  fo r  m onitoring 

subun it assembly and w ith minimal in h ib i t io n .

The RITC dye re q u ire s  an e x c ita tio n  wavelength o f  567 nm which is  

beyond the e x c i ta t io n  spectrum o f ANS (see Fig 14 in  Section  3 .4 .3 .2 ) .



Therefore i f  AMS is  p re se n t i t  does n o t I n te r f e r e  w ith th e  fluo rescence 

s igna l derived  from th e  RITC dye. Subunit assembly in  th e  presence 

o f low ANS co n c e n tra tio n s  could th e re fo re  be monitored by mixing RITC 

labe??ed o -su b u n it w ith  excess e2-su i?unit.

A l in e a r  r e la t io n s h ip  between th e  observed ra te  c o n s ta n t, k , ' ,  and 

[ANSd was achieved by p lo tt in g  th e  da ta  on a log arith m ic  sca le  as 

shown 1n F igure 20A. A s t r a ig h t  l in e  has been f i t t e d  to  th e  data  

o f F igure 20A and 1s described  by E quat:on 33.

1oge (SOxlq1) = - ( 3 .  Ix l0 '3)[A N S0] + 7x10-2 (33)

At ANS co n cen tra tio n s  below 50 yM, the decrease o f th e  observed ra te  

co n stan t was w ith in  14% o f the  value w ithou t ANS. The reac tio n  amp­

l i tu d e s  a t  t h i s  ANS concen tra tio n  were s u f f ic ie n t ly  la rg e  and th e re fo re  

a l l  experim ents in  th e  presence o f ANS were performed w ith  50 uM-ANS.



Figure 20 Fluorescence change fo llow ing  th e  mixing o f  ANS and apoBz- 
su b u n it in  a stopped-flow  in strum en t

The f in a l c o n cen tra tio n  o f ANS was 50 yM and th a t  o f th e  apoe-protomer 
was 4 uM. The experim ent was performed in  s tandard  b u ffe r  a t  room 
tem perature  w ith an e x c ita tio n  w avelength of 400 nm. The em ission 
m s  m onitored through  a GG435 f i l t e r .
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F igure 20A E ffe c t o f ANS c o n cen tra tio n  on th e  observed r a t e  constan t 
f o r  th e  assembly of tryp tophan  syn thase  su b u n its .

The experim ents were performed by mixing RITC la b e lle d  a -su b u n it 
w ith excess e2- stjbim’ t  'in The presence o f v arious ANS concen tra tio n s 
in  standard  b u ffe r  a t  room tem perature . Final co n cen tra tio n s  were 
0 .6  uM -a-subunit and 6 pM -B ,-s ites . The e x c ita tio n  wavelength was 
567 nm and th e  em ission was observed through an OG 590 f i l t e r .  The 
equation  o f th e  l in e  f i t t e d  to  the da ta  i s  given by Equation 37.
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3 .5 .3  K ine tics  o f Subunit Assembly

The k in e tic s  of subun it assembly was in v e s tig a te d  in th e  stopped-flow  

apparatus w ith  th e  AMS and RITC flu o re scen ce  probes. In the presence  

o f  ANS, th e  re a c tio n  am plitudes ob ta ined  w ith (a  ] > [ B20I were la rg e r  

than w ith [ 620! > U 0] .  In c o n tra s t  the a -su b u n it  bound RITC probe

provided la rg e r  re a c tio n  am plitudes w ith [625] > I ct^} than w ith [ a 0]

> [ B2o] • Because o f these  phenomena, subun it assembly was f i r s t

in v e s tig a te d  In th e  presence of ANS w ith U 0] ' > [ B20I •

3 .5 .3 .1  Subunit Assembly in  th e  Presence o f  ANS and w ith  [ a g l^ lB z a l

r igu res  21 and 22 p re se n t ty p ic a l tim e cou rses  fo r  th e  flu o rescen ce  

change a f t e r  mixing apo^-sublm  • w ith  excess a -su b u n it ,  The d ev ia tio n  

o f f luo rescence  in  F igure 22 from i t s  f in a l  eq u ilib riu m  v alue can

be f i t t e d  to  a s in g le  exponential given by : aF^ = 6^° exp ( -k 3' t ) .  

However th e  curve shown in F igure 21 re q u ire s  th e  f i t t i n g  o f th e  sum 

o f two exn o n en tia ls  given by : iF t  = aF® e x p ( - k j 't )  + e x p f -k ^ 't ) ,

.A s shown in  F igure 23A, 1 in c re a se s  l in e a r ly  w ith in c rea sin g  e-

subunit c o n cen tra tio n  thereby  in d ic a tin g  a b inding re a c tio n . In 

F igure 238, kg' approaches a p la teau  value o f 3.25x10'% s" 1 and in d i­

c a te s  an iso m erisa tio n  s tep  subsequent to  a bind ing  s te p . In 

Figure 23C, th e  k 3' value of l . lx lO " 3 s-1 appears independent o f ct- 

subun it concen tra tio n  over the range o f co n cen tra tio n s  used in th e se  

experim ents, This c o n cen tra tio n  independence i s  c o n s is te n t  w ith an 

iso m erisa tio n  s tep .

The data o f F igure 23A is  c o n s is te n t w ith Mechanism 18 w ith th e  con­

c e n tra tio n  dependence o f k ^  given by Equation 20 ( fo r  convenience 

these  equa tions a re  rew ritten  below).



c u - .

A + A{n_ 1) '  ' '  AnB (n = 1 ,2 .......... N) (18)

kV = k+1 ( [A] ■. X[B]) + k_i

where X{B] = I  n [A jN. n jB]

Under pseudo f i r s t  o rd e r co n d itio n s o f fag ] >> f&2D] , Equations 18 

and 20 can be m odified to  give Equations 18A and 20A.

e + ---------  n an B2 (n = 1, 2 ) (18A)

k%' = k + i [ o 0J + k_, (20A)

A s tr a ig h t  l in e  f i t  to  th e  da ta  o f F igure 23A prov ides the  ra te  con­

s ta n ts  given in  Table 8 .

The da ta  in  Kiqure 23B is  c o n s is te n t w ith Mechanism 21, w ith the

concen tra tio n  dependence of k2 ' given by Equation 24.

k+i k+2
A + B !=•= C 0 (21)

, , k + 2  ( I S ]  +  [ B ] )

’ V ,  * ( [» ]  + [B ]) * k- 2 {M)

wliere K., = k -1/k +1

Under pseudo f i r s t  o rd e r  co n d itio n s of [ a 0] »  [ B20] Equations 21 

and 24 may be modified to  g ive Equations 21A and 24A.
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A + A,n -1 jB -  AnB (n = 1 , 2 , . . . ,N) (18)

k , ' -  k+i ( [5 ]  + X["B]) + k -i

where X[8 j = I  n [A ^ _ n j 8 ] (20)

Under pseudo f i r s t  o rd e r co n d itio n s o f [ag ] >> [ &20) , Equations 18 

and 20 can be m odified to  g ive Equations ISA and 20A.

0 + a (n- i ) s 2 a n62 = 1>2 ) ( 18A)

h '  =  k + I [ « 0 I  +  k , ,  {ZOA}

A s t r a ig h t  l in e  f i t  to  th e  da ta  o f F igure 23A prov ides th e  ra te  con­

s ta n ts  given in  Table 8 ,

The da ta  in  F igure 238 i s  c o n s is te n t w ith Mechanism 21, w ith the 

concen tra tio n  dependence of k2 ' given by Equation 24.

, _ k+a ([A] i  [ B p  

'  * _ . + ( [ * ] +  [ S ] )

where K., = k_1/k +1

Under pseudo f i r s t  o rd e r co n d itio n s o f [ a 0] >> [ 620I Equations 21 

and 24 may be m odified to  give EquatV 1 21A and 24A.
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“  T ° ( n - i ) B2   = 0 ne 2 c f  ans2*

where (n = 1, 2 )

and 0nB2* i s  an isomer of <^62

( 2 « )

The re le v a n t k in e t ic  param eters a re  ob tained  from Figure 23B by the 

method of W ilkinson (1961) and a re  given in  Table 8 .

Mechanism 21A re q u ire s  th a t  the  K_i value o b ta ined  from Figure 238

must equal th e  k_ i/k+ [ value c a lc u la te d  fo r  F igure 23A (see Table 8 ).

Since K_i i s  n e a r ly  an o rd e r o f magnitude l a rg e r  than k_L/k + i,  the

assembly mechanism must be more complex than  th a t  given in  Equations 

18A and 21A.

Mechanisms ISA and 21A assume th a t  th e  a -su b u n it b inding to  the  @162- 

complex i s  eq u iv a len t to  th e  a -su b u n it b inding to  th e  62- su b u n it.  

I t  i s  p o ss ib le  th a t  th e  d iscrepancy  between K_3 and k . j /k + i  in  Table 8 

may be due to  d if fe re n c e s  in  th e  binding o f th e  f i r s t  and second a - 

su b u n its  to  th e  B z-subunit. For t h i s  reason th e  binding  o f only one 

a -su b u n it to  th e  Sg-subunit was in v e s tig a te d  under th e  cond itions

o f [ b2o3 > [o0]. These co n d itio n s req u ired  the use of th e  a -su b u n it 

bound RITC probe and i s  d escribed  in the  follow ing  se c tio n .



Figure 21 Fluorescence change a f t e r  mixing apoBg-subunit w ith excess 
o -su b u n it in  th e  stopped-flow  ap p a ra tu s .

Final co n cen tra tio n s  were 20.0 yM -a-subunit, 1.10 y H -apos-s ites  and
50 yM-ANS in  standard  b u ffe r .  The experim ent was performed a t room
tem perature w ith an e x c ita tio n  wavelength o f 400 nm. The em ission
was monitored through a GG435 f i l t e r .

All p ro te in  so lu tio n s  fo r  stopped-flow  experim ents con tained  50 yM- 
ANS in  o rd e r to  p reven t r e - e q u i l ib r a t io n  o f ANS w ith th e  p ro te in s
a f t e r  mixing.
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Figure 22 Fluorescence change a f t e r  5 m inutes from th e  tim e o f mixing 
apoSg-subunit w ith excess a -su b u n it  in  th e  stopped-flow  
appara tus

The experim ental co n d itio n s  were those given in  F igure 21.
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Figure 23 C oncentration dependence o f  th e  observed r a t e  con stan ts  
on th e  a -su b u n it  concen tra tio n

The f in a l c o n cen tra tio n  of ANS was 50 jiM and th e  [ a 0l / [ 6 i o l  r a t io  
was between 18 and 20. The experim ents were performed in  standard  
b u ffe r  a t  room tem perature  w ith an e x c i ta t io n  wavelength o f 400 nm. 
The em ission was m onitored through a GG435 f i l t e r .

A: Dependence o f Iq 1 on [ a 0]

B: Dependence of k2’ on [ a 0 ]

C: Dependence o f k3' on [ a 0]
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F I GURE 23  B
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TABLE 8 K inetic  param eters f o r  th e  assembly o f  tryp tophan  synthase 
su b u n its  in  th e  presence o f ANS when [ o 0] » [ B 2o]

Thu param eters a re  ob tained  from the curves in F igure 23 fo r  Mechanisms 
ISA and 21A.



TABLE 8

Figures____________________ K ine tic  Param eter

Figure 23A k+1 5. I x K ^ f t V
k_i 7 xlO-3  s " 1
k . i /k +1 1.4x10-6 M

Figure 23B k+, S.OxlCT2 s " 1
k_, 2 .5 x 1 0 -  s " 1

F igure 23C



3 .5 .3 .2  Subunit Assembly M onitored w ith  th e  RITC Probe and vrith 

[ f ls - s i te s p ]  »  [ b01

F igures 24 and 25 p re se n t ty p ic a l time courses fo r  the fluo rescence 

change a f t e r  mixing RITC la b e lle d  a -su b u n it w ith excess e2-su b u n it.

The d ev ia tio n  of f luo rescence  in  F igure 25 from i t s  f in a l  equ ilib rium  

value can be f i t t e d  to  e s in g le  exponen tia l given by : AFt  = ex p (-k ^ t) .  

The curve shown in  F igure 24 can a lso  be f i t t e d  to  a s in g le  exponential 

given by : aFt  = aFj 0 ex p (-k 1' t ) .

The l in e a r  in c rea se  o f kV w ith th e  concen tra tio n  o f  a p o S r s i t e s o 

in  F igure 26A in d ic a te s  a b inding re a c tio n  c o n s is te n t w ith Mechanism 

11 w ith th e  concen tra tio n  dependence o f k j ' given by Equation 16.

In F igure 26B, th e  k4 ‘ value o f 8.5x13"** s " 1 appears independent of 

[ e ^ s i t e s g ]  over the range o f  co n cen tra tio n s  used in  these  e x p e r i­

ments. This behaviour in d ic a te s  an iso m erisa tio n  re a c tio n  co n s is te n t 

w ith Mechanism 21 w ith the c o n cen tra tio n  dependence o f k4' given by 

Equation 24.

Under pseudo f i r s t  o rd e r  co n d itio n s o f [ 0, - s i t e s o ]  »  [ a 0] , Equations 

11, 16, 21 and 24 can be re w ritte n  to  g ive Equations 11B, 16B, 218, 

and 24B.

k+i
a + Si <xSi (11B)

kV = k+ i [ 6 z - s i t e s 0] + k . j  (16B)

k+j k+i)
a+St aBi a6 i* (21B)



where 0 S1* 1s an isomer of c

k+i, [ o . - s i t e s 0]
K _^[ 6,-sitesQ] (248)

A s t r a ig h t  l in e  f i t  to  th e  da ta  o f F igure 26A provides the k in e tic

param eters given in  Table 9. The ki,' v a lues  in  F igure 266 could not

be ob tained a t  B j - s i te  co n cen tra tio n s below 3 uM because the reac tion  

am plitudes were too  low. For t h i s  reason th e  K.J value could not

be ob tained  from Figure 268 but is  indeed le s s  than 3 yM.

There are  two im portan t d if fe re n c e s  between th e  experim ents performed 

.w i th  the ANS probe and the RITC probe. F i r s t ly ,  th e  k+i value of 

2 .4 x l0 3 M*1 s ' 3 fo r  the RITC probe (see  Table 9) and the k+j value

of 5 .1x10s M*1 s_! fo r  the ANS probe (see Table 8) d i f f e r  by a fa c to r  

o f two. Secondly, th e  sum of two exponentia l curves ob tained with 

th e  ANS probe (see Figure 21) was not observed w ith the RITC probe. 

These two d if’fe re c e s  could be asc rib ed  e i t h e r  to  th e  d i f f e r e n t  f lu o ­

rescence probes used in  th e  experim ents or th e  d if f e r e n t  subunit 

c u n ce n tra tra tio n s  w ith which the experim ents were performed.

In o rder to  e lim in a te  th e  p o s s ib i l i ty  th a t  th e se  two d iffe ren ces  are  

due to  th e  flu o re scen ce  probes, the  su b u n it assembly was in v e s t i ­

gated  in the  presence o f ANS under th e  co n d itio n s of [ B i - s i te s 0] »

U o l •



F igure 24 F luorescence change a f t "  mixing RITC la b e lle d  a -su b u n it 
w ith  excess g2-su b u n it  in  the stopped-flow  appara tu s

F inal co n cen tra tio n s were 7 .2  o M -ap o ^ -s lte s  and 0.72 pM -a-subunit 
In s tandard  b u ffe r . The experim ent was performed a t  room tem perature 
w ith an e x c ita tio n  wavelength of 567 run. The em ission was monitored 
through an 0G59D f i l t e r .
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Figure 25 F luorescence change a f t e r  mixing RITC la b e l le d  a -su b u n it 
w ith excess  B j-subunit in  th e  stopped-flow  appara tus

The experim ental c o n d itio n s  were those given in  F igure 24.
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F igure 26 C oncentration  dependence of th e  observed r a t e  co n s tan ts  
on th e  ap o B j-s ite s  concen tra tio n

The [ Bj- s ite S p ] / [ oq] r a t io  of 10 was used f o r  a t )  experim ents. The 
rea c tio n s  were performed in  standard  b u ffe r  a t  room tem perature  w ith 
an e x c ita tio n  wavelength of 567 nm. The em ission was m onitored through 
an 0G 590 f i l t e r .

A. Dependence o f  k , ' on [ 0i - s i t e s o]

8. Dependence of k,,' on [ 6i - s i t e s 0]-
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K inetic  param eters f o r  th e  assem bly o f  tryp tophan  syn­
th ase  su b u n its  under th e  co n d itio n s  o f  [ B i - s i t e s 0] »

TABLE 9



TABLE 9

Figure Probe k+i (M - 's - l) k -l ( s ' 1) k_i/k+, (M) k ,/ ( s " 1) K„t (M)

26A R1TC 2.4  x 103 2,9 x 10-3 1.2 x lO" 6

28 ANS 1.8 x 10' 2.4 x 20-3 1.3 x lO" 6

268 R1TC 0.85 x 10-3 , 3 , 1 0 - .



3 .5 .3 .3  Subunit Assembly in  th e  Presence o f  ANS and w ith  [ B i - s i te s 0j 

»  [a0]

As mentioned e a r l i e r ,  th e  reac tio n  am plitudes are  small when [ B i - s i te s 0] 

> [ a 0] in the  presence o f ANS. However, the am plitudes were la rg e  

enough to  o b ta in  r e l ia b le  data  fo r  the f a s t  re a c tio n  corresponding 

to  k i ' in  F igure 24.

F igure 27 p re sen ts  a ty p ic a l time course fo r  the  change of fluo rescence 

a f t e r  mixing a -su b u n it  i"h excess g^ -subunil in the  presence o f ANS. 

The curve has been f i t t e d  w ith an exponentia l given by AFt  = &F° 

e x p ( -k j’t ) .  F igure 28 shows the l in e a r  in c rea se  of V  with [ S i - s i t e s 0] 

which is  c o n s is te n t w ith Mechanism 11B and Equation 16B. A s t r a ig h t  

l in e  f i t  to  the data  o f Figure 28 provides the  k in e t ic  param eters 

given in  Table 9.

The k in e tic  param eters fo r  the  subun it assembly with the ANS and the

RITC probes a re  s im ila r .  This s im ila r i ty  " to g e th er w ith the obser­

va tion  th a t  a re a c tio n  corresponding to  k2 ' (see F igure 21) is  absen t, 

im plies th a t  the subun it assembly can be monitored with e i th e r  the

ANS or RITC probe. The discrepancy  between th e  subunit assembly

mechanisms in  th e  presence o f  ANS w ith  [ a 0] > ( Sy.ol and w ith  the

RITC probe w ith [ B r s i t e s 0] »  [ a 0] can be a t t r ib u te d  to  the d i f f e r e n t  

subun it co n cen tra tio n s  used in the  experim ents.

In th e  case o f [B j-s ite s f l]  >> ( a 0) , only a s in g le  a -su b u n it binds 

to  each 62-su b u n it  whereas w ith [ a 0] »  [B2o ) .  th e  a 2S2-complex is  

formed. I t  i s  t h i s  b inding of two a -su b u n its  to  each Sa-subunit which 

must account fo r  th e  observation  o f k2 1 in F igure 21 and the fa c to r  

o f two d iffe re n c e  In the k+i values given in Tables 8 and 9.



Figure 27 FIuoresence change a f t e r  mixing o -su b u n it w ith excess 
apo62"£ubum"t in  th e  stopped-flow  appara tus

Final co n cen tra tio n s were 9.0 yM-6- s i t e s ,  0 .55 uM-a-subunit 
50 gM-ANS in  standard  b u ffe r . The experim ent was performed a t  room 
tem perature  w ith an e x c ita tio n  wavelength of 400 nm. The 
was monitored through a GG 435 f i l t e r .



FI GURE 27
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Figure 28 C oncen tration  dependence v f  th e  observed r a te  constan t 
on th e  apoB }-sites co n cen tra tion

The [ B i- s l te s o J /f a g ]  r a t io  o f 16 was used fo r  a l l  experim ents. The 
re a c tio n s  were performed in  s tandard  b u ffe r  a t  room tem perature 
w ith an e x c ita tio n  wavelength of 400 nm. The em ission was monitored 
through a GG 435 f i l t e r .
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At th i s  s tage  th e  da ta  o f Figures 23A and 23B must be reconsidered . 

The r a t io s  o f k i 7 k 2 ' a re  le s s  than an o rd e r of magnitude and th e re fo re  

th e  two observed ra te  con stan ts  should be tr e a te d  as coupled. The 

ap p ro p ria te  p lo ts  would be ( k j1 + k , 1) and ( ^ ' kz ') p lo t te d  'a g a in s t 

[ a 0] . This was not o r ig in a l ly  done because sep a ra te  p lo ts  fo r  k t 1 

and k z ' , such as in Figures 23A and 23B, would g ive reasonable  e s ­

tim a te s  fo r  the  re sp e c tiv e  -ate co n s ta n ts . This i s  because the k17 k 2 ' 

r a t io s  are  c lo se  to  an o rder o f magnitude a t  high o -su b u n it concen­

t r a t io n s .

For th e  reasons given above, th e  da ta  from th e  experim ents performed 

in th e  presence o f ANS, w ith [ a 0] »  [ 520] , was r e p lo tte d  according 

to  th e  method fo r  coupled observed r a te  co n s ta n ts .

3 .5 .3 .4  Treatm ent fo r  Coupled Observed Rate C onstants

P lo ts  o f (k i '+ k 2 ' ) and (k 1'k 2 ' )  versus [ a 0j a re  given in F igure 29. 

For th e  data  to  be c o n s is te n t w ith a mechanism such as th a t  given 

in  Equation 21, (k1 'k 2' )  must be l in e a r ly  dependent upon [ a 0] as 

described  in Equation 23 (see Section  3 .5 .1 ) .  In spec tion  of Figure 298 

shows th a t  th e  da ta  p o in ts  a re  n o n -lin e a r . T herefore a l te rn a t iv e  

mechanisms were sought which are  c o n s is te n t w ith a n o n -lin ea r  depen­

dence of (kj 'k 2' ) on [c ig ].

Mechanism 18 assumes th a t  both apo62-su b u n it  s i t e s  a re  in t r i n s i c a l l y  

id e n tic a l and th a t  no o -su b u n it in te r a c t io n s  occur in  th e  a 2s 2-complex. 

However, i f  the. binding, o f the f i r s t  o -su b u n it were to  a l t e r  the  a f ­

f i n i t y  of the  a i 82-complex fo r  the second a -su b u n it ,  then the binding 

would be c o n s is te n t w ith Mechanism 34.



Figure 29 C oncentration  dependence o f  th e  sum o f  observed ra te  con­
s ta n ts  and th e  product o f  observed r a te  co n s tan ts  on the 
a -su b u n it concen tra tio n .

The f in a l c o n cen tra tin  of ANS was 50 uM and the [ a 0 ] / [ 8io j r a t io  
was between 18 and 20. The experim ents were performed in standard
bu ffe r  a t  room tem perature w ith an e x c i ta t io n  wavelength of 400 nm.
The em ission was monitored through a GG 435 f i l t e r .

A: Dependence of k ; ' + kg' on [ a 0]

B: Dependence o f k ^ 'k g ' on [« 0 ]
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k+i
(34)

In Mechanism 34 the a f f i n i t i e s  fo r  o -su b u n it o f the B2-subum 't and 

the aG2°-complex are  d if f e r e n t  due to  o -su b u n it in te ra c t io n s  in  the

Mechanism 34 i s  described  by the general mechanism of Equation 29 

with A rep laced  w ith a -su b u n it ,  B rep laced  w ith s2-su b u n it ,  A8 rep laced  

with cgg'-com plex and A2B rep laced  w ith o2S2~complex, Equations 

35 and 36 a re  ob tained  from Equations 30 and 31 by a l te r in g  th e  

param eters to  s u i t  the cond itions ap p licab le  to  Mechanism 34.

The data  in  F igures 29A and 29B has been analysed by th e  f i t t i n g  of 

a le a s t  squares l in e  and a le a s t  squares parabola  re sp e c tiv e ly . The 

le a s t  squares param eters are  given in  Table 10 while th e  ra te  constan ts  

fo r  Mechanism 34 a re  given in Table 11.

3 .5 .4  Summary o f  Tryptophan Synthase Subunit Assembly.

k i 1 + k2' = (k+1 + k+2) K ]  + k . ,  + k-2 (35)

k ; ' k z ' -  k+ik+2 i o 0 J 2 + k+ ] k_ ,  [ a 0 ] + k - i k . 2 (36)

N on-cooperative o r p ossib ly  n eg a tiv e ly  cooperative subun it assembly 

in phosphate b u ffe r  occurs by Mechanism 38, The averaged r a te  

constan ts  fo r  Mechanism 38 are  given in  Table 12.



TABLE 10 L east squares param eters f o r  th e  assembly o f tryptophan 
syn thase  subun its  by Mechanism 34

Fhe experim ents were performed in  th e  presence of ANS and w ith 
[ b 0]>>i 620I •

(a ) Equation of l in e  i s  k i '+ k 2 ’ = m[a0] +c

(b) Equation o f parabola is  k / k g '  = a [ a 0] 2+ b [a0]+c



TABLE 10

Figure m a b c

29A8 5 .61xl03H"J s ' 1 1.9xlC- 2s_1

298b 2.5x106M'2s - 2 AQM-'s" 2 7 .7x lQ -5s -2



TABLE 10

F igure m a b c

29A3 5.61Xl0*M -l:-l 1 .9 x l0 -2s - 1

29Bb 2 .5 x l0 6M"2s ' 2 49M- 1s - 2 7 .7 x l0 '5s - 2



TABLE 11 K ine tic  c o n s tan ts  fo r  th e  assembly o f  tryp tophan  synthase 
su b u n its  by Mechanism 34

The experim ents were performed in the presence o f ANS w ith [e o ]>>[820] .

(a ) K_i * k . j / fc , ,

(b) K_2 3 k_2/k+z



Constant Value

k+i 4.8 x 103 M" 1 s-

k -i 8.7 x 10-3 5- l

K-l3 1.8 x IQ- 5 M

k+2 0.6 x ]0 3 M' 1 s":

k-a 10.0 x 10*3 s-1

x V 17 x 10-6 %

1



k-'|| 1 
l ( k+ i

(38)

U +2

where oBz* and a 282* a re  isomers o f  aSz” and a 28z re sp e c tiv e ly  

and a 2e2** I s  a second isomer of a aBa.

Assembly o f  su b u n its  to  form the in te rm ed ia te  a ^ -c o m p U x  can be 

monitored when I By - s i t e s 0l >> [ s 0] . Data fo r  th e  concen tra tion  

dependence of k j ' was ob tained w ith both the RITC and ANS probes 

whereas kM' was only observed w ith the RITC probe. The c o n c e n tra tio n _ 

independence of ki, 1 suggests th a t  an iso m erisa tio n  of the aSz'-complex 

occurs forming the oB2*- co(np!ex (see Reaction (4) In Mechanism 3fi).

Subunit atsem bly under the  cond itions o f [ o 0'J [b 2o) r e s u l ts  in

the a 262-comp)ex w ith two coupled observed ra te  c o n s ta n ts , k /  and 

k2' . The observed concen tra tio n  independence of kg' suggests th a t  

an isom erisa tion  of the ag^-com plex  takes p lace .

The B2- s u b u n i t  may be rep resen ted  as being composed of two separate  

domains, BB, one o f which binds the f i r s t  a -su tiu n it to  give the oBB-

4



4

com plex . Iso iperisa tlon  o f  t h i s  com plex can  o c c u r  In e i t h e r  o f  two 

w ays. E ith e r th e  w hole ag e-co m p lex  Isom enses to  g iv e  a aSS-com plex  o r

binding o f a second a -su b u n it gives the  al&j-complex v ia  Reaction 

(7) o f Mechanism 38. In the  l a t t e r  ca se , b in d in g  o f a second a-su b u n it 

w ould give the in te rm ed ia te  aSB a-com plex which u n d e rg o e s  a fu r th e r  

iso m erisa tio n  to  give th e  f in a l aS S a-com plex . This occurs v ia  Reactions 

(5) and ( 6) o f Mechanism 38.

R eactions (4 ) , (3) and ( 6) of Mechanism 38 a l l  rep re sen t sim ila r

iso m erisa tio n  re a c tio n s  and th e i r  observed ra te  co n s tan ts  are  not 

expected to  be v a s tly  d if f e r e n t .  This accounts fo r  the observation  

th a t  th e  k^ ' value fo r  Reaction ( I )  i s  77$ o f the  k3' value (see Tables 

8 and 9 ). However, w ith the a v a ila b le  d a ta ,  i t  cannot be decided 

whether k3’ r e f e r s  to  only Reaction (3) o r to  an average o f the  ra te  

con stan ts  fo r  Reactions (3) and ( 6) o f Mechanism 38. T herefore , the 

ex is ten ce  o f in te rm ed ia te  a 262.*-complex is  u n ce rta in .

I f  the a -su b u n it co n cen tra tion  is  in  v ast excess over the  apoB2-subun it 

concen tra tio n  then the equ ilib rium  ra t io s  o f a 262 to  i t s  isomers may 

be estim ated .

The mechanisms fo r  the  binding o f two a -su b u n its  to  id e n tic a l s i te s  

on th e  apoSa-subunit are  given below.

a + 82 -  aB2 (a)

only one domain isom erises to  give a a ls-com plex . In th e  former case ,

a 232 (b)

(d)



The in t r in s ic  s i t e  d is so c ia tio n  con stan ts  (Ka and Kj,) are  re la te d  

to  the o v e ra ll d is so c ia tio n  constan t (K j) by the follow ing  equations.

Kj -  (0 .9 3 ) 2 (see Table .4)

However fo r  Mechanism 38 assembly is  given by chu fo llow ing  condensed  

mechanism.

2a + e2 = = = =  a 2B2 ~  ~ a 2B2*

where a 2B2* rep re sen ts  isomers of a 262-

The ove ra ll d is so c ia tio n  constan t is  given by

(unbound subun its]
^  [bound forms)

and the eq u ilib riu m  constan t fo r  bound forms is  given by 

Therefore

( a ) 2 x [B2] 

[ a 2B2I + [ a 262*l

j  ..



and su b s t i tu t io n  o f the preceding eq ua tion , Ky = (0 .9 3 ) 2 and K_i,K. 2 

values from Table 12 gives

(0.93)= -  ■■6 * -P-
( 1 + Y T )

Kl -  0 .03

At e q u ilib r iu n  th e  predominant form o f bound complex i s  th e re fo re



TABLE 12 Rate c o n s ta n ts  fo r  th e  assembly o f tryp tophan  synthase 
su b u n its  by Mechanism 38

The ra te  co n s tan ts  have been taken from Tables 8 , 9 and 11 and have 
been averaged where p o ss ib le .



TABLE 12

Constant Value

k + i 3 .0 x 103 M - i

k - i 4.7 x 10-3 s - l

K- ! 3 1.6 X I 0 ' 6 M

k +2 0 .6 x 103 M' 1

k _2 10.0 X 10-3 s ' 1

K - z b 17 x 10-6 m

k g ' 1.1 x 10-3 5-1

k V 0.85 X 10 '3  S - l



4. DISCUSSION

4.1 P u r if ic a tio n  o f Tryptophan Synthase Subunits

The study o f th e  assembly k in e tic s  o f o -su b u n it w ith 62- su b u n it,  

req u ire s  a -su b u n it and 82-subun1t  which was, a t  f i r s t ,  prepared 

m m  E. o o l i  s t r a in s  Trp B8 and TrpA2/F'A2 re sp e c tiv e ly . These 

p u rif ie d  subun its  possessed sp e c if ic  a c t i v i t i e s  between 50$ and 

60$ o f the maximum a c t iv i t i e s  repo rted  by Barthnlmes e t  a l .  (1976). 

Higher s p e c if ic  a c t i v i t i e s  could not be ob tained  using the spec- 

trophotom etric  assay  method of Higgins e f  a l .  (1979) nor could h igher 

a c t i v i t i e s  be ob tained  by reduction  o f ox id ised  subun it th io l groups, 

necessary  fo r  a c t i v i t y ,  as described  by Hogberg-Raibaud & Goldberg 

(1977).

S ingle peaks were ob tained  by e le c tro p h o re s is  o f th e  subun its on 

SOS polyacrylam ide g e ls  (see Figure 2 ), in d ic a tin g  th a t  th e  low 

subunit s p e c if ic  a c t i v i t i e s  are  not due to  impure subunit p rep a ra tio n s 

b u t, ra th e r ,  low enzyme a c t iv i t i e s .  The p o s s ib i l i ty  o f th e  E. o o l i  

mutant s t r a in s  Trp 88 and TrpA2/F'A2 producing low a c t iv i t y  subunits 

ex is ted  and th e re fo re  an a l te rn a t iv e  mutant s t r a in ,  Trp R- aLD102/ 

F'alD102, was o b ta ined . P u r if ic a tio n  of subun its  from th is  s t r a in  

was a lso  advantageous since both subun its could be ob tained  from 

the same s t r a in  m inim ising the q u an tity  o f b a c te r ia l  growth requ ired  

to  produce a s p e c if ic  q u an tity  of p u rif ie d  su b u n its .



Tschopp & Kirschner (1980) used th is  s t r a in  to  produce both a -subun it 

and 82-su b u n it.  P re c ip ita tio n  of the 82-subum‘t  a t  pH 4.5 yielded  

f re e  a -su b u n it and hea t d en a tu ra tio n  of the a -su b u n it y ie ld ed  free  

e2-su b u n it.  In th i s  study a non -d estru c tiv e  method o f  separating  

th e  subun its was used in  o rd e r to  conserve p u r if ie d  p ro te in  and 

to  Jfftu't exposure o f  th e  p ro te in s  to  the  extreme co n d itio n s of pH 4.5 

and tem peratures of over 60eC. In stead  removal of PLP and d is ­

so c ia tio n  o f th e  a 2apoB2-complex was performed follow ing  the method 

o f Miles S Moriguchi (1977) which involved f i l t r a t i o n  on a Sephadex 

G-100 column.

A fter these  a ttem pts a t  p u rify ing  both o -su b u n its  and s 2-subum 'ts 

from a s in g le  d i f f e r e n t  s t r a in  o f b a c te r ia ,  th e  s p e c if ic  a c t i v i t i e s  

were s im ila r  to  those ob tained  p rev io u sly  from E. o o l i  Trp B8 and 

]>pA2/F'A2. I t  th e re fo re  remains u n certa in  why th e  su b u n its  prepared 

here have lowered s p e c if ic  a c t i v i t i e s .  Before proceeding w ith the 

k in e tic  experim ents th e se  low a c t iv i ty  subun its  were compared to 

those prepared w ith high a c t iv i ty  w ith re sp e c t to  PLP and a -subun it 

binding as described  in Sections 3 .2  and 3 .3 . The r e s u l t s  o f these 

binding experim ents ind ica ted  th a t  th e  low s p e c if ic  a c t i v i t y  subunits 

disp layed  s im ila r  binding p ro p e rtie s  to  high s p e c if ic  a c t i v i t y  sub­

u n i ts .  In view of th e se  s im i la r i t i e s  k in e tic  experim ents were then 

performed w ithout fu r th e r  attem pts a t  p u r ify in g  high s p e c if ic  a c t iv i ty



4 .2  S ta b i l i ty  o f th e  apc-Tryptophan Synthase Complex

MVes & Morlguchi {1977} achieved d is so c ia tio n  o f th e  c^apoBa-complex 

by f i l t r a t i o n  on a Sepbadex G-100 column. However Bartholmes & 

Teuscher (1979) could not d e te c t any s ig n if ic a n t  d is so c ia tio n  of 

the a 2apoB2-coinplex on a Sephadex G-100 column. These, seemingly 

c o n trad ic to ry  r e s u l t s  may bp reso lved  by considering  the bu ffe rs  

used in  the  two experim ents. Miles S Moriguchi (i977 ) used b ic ine  

whereas Bartholmes & Teuscher (1979) used pyrophosphate b u ffe r 

implying th a t  th e  s t a b i l i t y  of the apo-ccmplex may depend upon the 

so lven t b u ffe r .

Binding experim ents o f a-subum 'ts and apoBz-subunits in various 

so lven ts  a re  d escribed  in  Section  3.3 and confirm  the g re a te r  s ta ­

b i l i t y  o f the  c^apoBa-complex in  pyrophosphate as compared to  th a t 

in b ic in e  b u ffe r . However the ogapoBg-complex has even g re a te r  s ta ­

b i l i t y  in phosphate b u ffe r  and the b inding process i s  transformed 

to  a non-cooperative and p ossib ly  even a n eg a tiv e ly  cooperative 

mechanism from a cooperative mechanism in  pyrophosphate bu ffe r. 

This a l te r a t io n  o f mechanism in flu en ces the o vera ll assembly process 

of tryptophan synthase as discussed  in the fo llow ing se c tio n .



4 .3  Assembly o f th e  Tryptophan Synthase Complex

The mechanism fo r  th e  ov e ra ll assembly o f tryptophan synthase is  

given below.

(1) 2a + 2PLP + 62  -------—  2e + 62(PLP)2 (2)

I I
(3) 2PLP + a2Bz '  ' " a 2S2(PLP)2 (4)

Bartholraes e t  a l .  (1976) have shown th a t  reac tio n  (1) to  (2) is  

cooperative and re a c tio n  (3) to  (4) is  non -cooperative. Furthermore 

they have p red ic ted  th a t  e i th e r  re a c tio n  (1) to  (3) i s  cooperative 

(and re a c tio n  (2) to  (4) is  then non-cooperative) or re a c tio n  (2) 

to  (4) is  neg a tiv e ly  cooperative (and re a c tio n  (1) to  (3) is  then 

non -cooperative).

The r e s u l ts  o f Bartholmes & Teuscher (1979) have v e r i f ie d  the f i r s t  

o f the  two a l te rn a t iv e s  v iz . th a t  re a c tio n  (1) to  (3) i s  cooperative. 

However th e  r e s u l ts  given in Section  3 .3  show th a t  reac tio n  (1) 

to  (3) i s  cooperative only in pyrophosphate but non-cooperative 

in phosphate w ith re a c t ( 2) to  (4) then n eg a tiv e ly  cooperative. 

The p o s s ib i l i ty  th a t  M action  (1) to  (3) i s  n eg a tiv e ly  cooperative 

cannot, however, be ignored.

For th e  k in e tic  a n a ly s is  o f the  non-cooperative binding of 2 asub- 

u n its  to  a 62-dim er, th e  Bj-dimer may be t re a te d  as c o n s is tin g  of 

two independent g - s i te s ,  This s im p lif ic a tio n  allow s fo r  e a s ie r  

k in e tic  an a ly s is  than fo r  the case of negative co o p e ra tiv ity  in 

which the binding of the  f i r s t  oe-subunit r e s u l ts  in a decreased 

a f f in i t y  fo r  the second a-su b u n it.
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Because of the s im p lified  k in e tic  a n a ly s is  i t  was decided th a t  the  

f i r s t  tryptophan synthase assembly reac tio n  to  be in v e s tig a te d  would 

be th e  non-cooperative assembly o f  a2apo0z -complex <n phosphate 

b u ffe r . The d i f f i c u l t i e s  of m onitoring th e  k in e tic .,  o f assembly 

of c^apoBa-complex are  d iscussed  in the next sec tio n .



4 .4  M onitoring th e  Assembly o f th e  Tryptophan Synthase Complex

The hundred-fold enhancement of a -su b u n it a c t i v i t y  and th ir ty - fo ld  

enhancement of holoB z-subunit a c ." v i ty  when inco rpo ra ted  in to  the 

tryptophan synthase complex suggests th a t  conform ational a l te r a t io n s  

o f th e  subun its  occur during assembly. I t  is  th e se  conform ational 

a l te r a t io n s  which can be observed by follow ing  th e  k in e tic s  o f a s ­

sembly.

In the case o f &2holoe2'Complex the PLP co fac to r  serves as a means 

of m onitoring the e x ten t o f reac tio n  s ince  PLP absorbs in the 

400-430 nm region of th e  spectrum. This region i s  f a r  removed from 

th e  u l t r a v io le t  reg ion  (280 nm) in  which in t r i n s i c  p ro te in  absorp tion  

occurs and th e re fo re  s im p lif ie s  the  design of th e  k in e tic  experim ents. 

Increasing  th e  r a t i o  o f a -su b u n it co n cen tra tion  to  the holog2-su b u n it 

c o n cen tra tion  does not a f f e c t  the signal change observed a t 420 nm 

and th e re fo re  a high signal to no ise  r a t io  is  ob tained .

In th e  case o f th e  c^apoBz-complex the assembly must be followed 

in th e  region of i n t r in s ic  p ro te in  abso rp tion  (280 nm). Increasing  

the r a t io  of th e  a -su b u n it concen tra tion  to  th a i  o f the apogg-subunit 

concen tra tion  in c rease s  the  background ab so rp tion  o f th e  excess 

a -su b u n it and th e re fo re  decreases the s igna l to  no ise  r a t io .  The 

experim ents recorded in  Section 3 .4 .1  in d ic a te  th a t  th e  absorbance 

changes a t  280 nm a r is in g  from subunit assembly are  indeed sm all. 

For th i s  reason fluo rescence  and absorbance probes were in v es tig a ted  

which would allow  th e  subunit assembly to  be monitored with high 

signal to  no ise r a t io s .
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4.5 Probes fo r  M onitoring Assembly o f a 2apo62-Ccimplex

In o rder to m onitor the  b inding of a -su b u n its  to  the apos2-su b u n it , 

robes were requ ired  which e i th e r  re f le c te d  the o -su b u n it to 62-sub- 

u n it  in te rp ro te in  d is ta n c e s  o r a l te r a t io n s  of the loca l environments 

of the probes due to  th e  proxim ity  of the subun its . These requirem ents 

ensure th a t  th e  probe used r e f le c t s  not only the b inding reac tio n s 

of the subun its  but a lso  any la t e r  conform ational changes of the  

B2apor32-compiex. However a probe which o n ly  r e f le c t s  conformation 

changes of p ro te in s  would not allow  f a s te r  e a r l i e r  binding reac tio n s 

to  be monitored.

i t  was i n i t i a l l y  decided to  a ttem pt m onitoring th e  a -subun it to 

82-su b u n it in te rp ro te in  d is tan ce  u t i l i s i n g  fluo rescence  energy t ra n s ­

fe r  measurements. S u itab le  fluo rescence probes were found in a 

review by Fairclough  & Cantor (1978) but the procedure involved 

com pletely coa ting  the su rface  of the p ro te in s  w ith bound probe. 

This would probably  in te r f e r e  w ith the assembly o f the subunits 

because o f the high charges on the subun its re su ltin g  from the high 

loading of the  probes. Lower loading  o f the subun its w ith the probes 

would not coa t the su rfaces  uniform ly and th e re fo re  not y ie ld  abso lu te  

in te rp ro te in  d is ta n c e s  but only re la t iv e  d is tan ces  between probe 

m olecules. As th i s  i s  s u f f ic ie n t  fo r  m onitoring subunit assembly 

the FITC and RITC probes were used w ith lim ited  loading of the sub­

u n i ts  below two probes per subun it protomer.

The r e s u l ts  given in Section  3 .4 .2 .1  i l l u s t r a t e  the successfu l la b e l­

lin g  of tryptophan synthase subun its w ith FITC and RITC. However, 

only lim ited  fluo rescence  energy tr a n s f e r  was observed (see Section 

3 .4 .2 .2 ) .  The observed in t r in s ic  fluo rescence changes of the RITC
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probe when bound to  a -su b u n it re f le c te d  the binding  o f o -subun it to  

the B a-subunit and th i s  system was used to  study tryptophan syn­

thase  assembly under th e  c o n d itio n ; o f [Bal »  [« ] .

A second type o f probe was then requ ired  in  o rder to  m onitor try p ­

tophan synthase assembly when [a ]  »  f BgJ - D icam elli e t  a t .  (1973) 

concluded th a t  hydrophobic bonding plays a ro le  in  the binding of 

the  su b u n its . f t  was th e re fo re  a n t ic ip a te d  th a t  a fluorescence

probe, such as ANS, which binds to  hydrophobic reg ions on membranes

would a lso  bind n th e  hydrophobic reg ions on th e  tryptophan synthase 

su b u n its . A fte r assembly the excess ANS would be excluded from

the re s u l ta n t  a 2apoB2-complex thereby g iv ing  r i s e  to  fluorescence

signal changes. In f a c t  th i s  was found to  occur w ith more ANS being 

bound to  f re e  apoB2-su b u n it than to  f re e  o -su b u n it.  Such a d i s t r i ­

bu tion of ANS allowed th i s  probe to  be used when [a ]  >> [ 82I and 

complemented th e  experim ents w ith RITC. Only low ANS concen trations 

were used because high ANS co n cen tra tio n s decreased  su b u n it assembly 

(see Section 3 .5 .2 .3 ).

In a d d itio n , an absorbance probe, BPB, was a lso  found to  monitor 

subunit assembly in a s im ila r  manner to  th e  ANS fluo rescence  probe. 

The da ta  from these  experim ents have not been presen ted  s ince  s im ila r  

re s u l t s  a re  ob tained  w ith e i th e r  probe.

An approach s im ila r  to  th a t  p resen ted  here could be used to  inves­

t ig a te  the b inding o f  any p ro te in s  which only absorb in  the  u l t r a ­

v io le t  region of the  spectrum. The c r i te r io n  is  th a t  ANS binds 

lo o se ly  to  the hydrophobic regions o f th e  p ro te in s  concerned and 

is  p a r t i a l l y  excluded from the bound p ro te in  complex.



S e if e r t  e t  aZ. (1984) have employed s im ila r  f luo rescence  t i t r a t i o n s  

to  those in  Section 3 .4 .3 .2  to  estim a te  th e  number o f ANS binding 

s i te s  per apogg-dimer and th e  corresponding d is so c ia tio n  con stan t.

T heir r e s u l t s  show th a t  n a 10 ANS m olecules a re  bound per apogg-

dimer w ith a d is so c ia tio n  con stan t a 0 .6  mM. The r e s u l t s  obtained

here in d ic a te  th e  presence of 2 to  3 high a f f in i t y  ANS binding s i te s

per apoBz-dimer w ith a d is so c ia tio n  con stan t o f 0.014 mM (see 

Table 5). One p o ss ib le  reason fo r  the  lower n m ber o f  b ind ing  s i te s  

and lower d is so c ia tio n  con stan ts  ob tained  here i :  th e  presence of 

phosphate b u ffe r . S e i f e r t  e t  a l .  (1984) employed 0 .1  M tr ie th a n o l-  

amine-HCt b u ffe r  thereby  implying th a t  th e  phosphate anion a f fe c ts  

the ligand  binding p ro p e rtie s  o f th e  apoB z-subunit. Indeed, Table 

4 shows th a t  th e  a f f i n i t y  of the  apoBz-subunit f o r  b inding a -su b u n it 

i s  100 fo ld  g re a te r  in  phosphate than in  b ic in e  b u ffe r .



4 .6  Assembly o f  th e  aafpoez-complex

4 .6 .1  Mechanism o f Assembly

Jn th e  presence o f PLP, assembly o f th e  a 2ho1ofs2-complex i s  n eg a tive ly  

cooperative and th e  weaker binding of the second a -su b u n it is  possib ly  

due to  s t e r i c  hinderance {Lane e t  a l . ,  1984). However, th e  la rge  

d is tan ces  measured between o -su b u n its  in  the  aghologg-complex in d ica te  

th a t  s t e r i c  hinderance is  u n lik e ly  to  account fo r  th e  presence of 

nega tive  co o p e ra tiv ity  (Ib e i e t  a l . ,  1985).

Mechanism 38 fo r  assembly o f the  c^apoGg-complex i s  s im ila r  to  the 

mechanism given fo r  th e  c^hologa-complex (Lane e t  a l .  , 1984) w ith 

re sp ec t to  th e  weaker binding o f the  second a -su b u n it and the 

subsequent iso m erisa tio n  re a c tio n s . Comparison o f these  two 

mechanisms shows th a t  th e  "on" and "o ff"  ra te  co n stan ts  fo r  the 

binding o f  th e  f i r s t  a -su b u n it ,  v ia  re a c tio n  (1) o f Mechanism 38, 

are  both approxim ately 103 fo ld  lower than fo r  the  holOBa-subunit. 

This decrease in  ra te  is  reasonable s in ce  th e  transfo rm ation  of 

apoGz-subunit to  holoB2-->ubunit occurs w ith p o s it iv e  co o p e ra tiv ity  

and involves g ross conform ational changes (Bartholmes e t  a l .  , I960).

The e f f e c t  o f t h i s  conform ational change i s  to  r a is e  the  a c tiv a tio n  

energy fo r  th e  t r a n s i t io n  s ta te  involved in  th e  b inding of the a- 

subunit to  apoGg-subunit. I t  i s  p o ssib le  th a t  th e  h igher a c tiv a tio n  

energy may r e s u l t  from th e  a -su b u n it b inding s i t e s  being more 

access ib le  on the holoGg-subunit than on the apoe2-su b u n it.



Since the apog2-su b u n it and th e  ho lofiz-subunit e x is t  in  d if fe re n t  

conform ational s ta te s  the  conclusions drawn frjm  the measured 

d is tan css  between ct-subunUs in the  ogholoBg-complex do not 

n ecessa rily  apply to  th e  agapo82-complex. Furthermore the d is tan ces  

between o -su b u n its  in th e  f in a l equ ilib rium  s ta te  o f azhologg-complex 

bear l i t t l e  s ig n if ic a n c e  to  th e  d is tan ces  1n th e  c^B z-interm ediate 

p rfo r to  iso m erisa tio n  reac tio n s  (3 ) and ( 6) o f Mechanism 38. 

Therefore i t  i s  p o ss ib le  th a t  f o r  Mechanism 38, K_2is  g re a te r  than 

K-i due to  s t e r i c  hinderance in th e  c^Sz- ‘in te rm ed ia te . For th is

reason the 'O '- s u p e rs c r ip t fo r  th e  a ^ z ^ - in te rm e d ia te  has been 

included in  Mechanism 38 and im plies th a t  w hile the  conformation

of th e  B25ubunit i s  u n a lte re d , th e  value o f K_ 2 i s  la rg e r  than K_^.

The equ ilib rium  d ia ly s is  experim ents in Section  3.3 a re  n o t conclusive 

regarding th e  presence or  absence o f nega tive  cooper- The

d isso c ia tio n  con stan t (K^ = 0.93  yM) has been determ in . .wbly

of th e  aaapoBa-coinplex, in phosphate b u f fe r ,  f o r  a not. , ,e ra tiv e  

mechanism. As d iscussed  above th e  f i r s t  and second a -su b u n its  have 

d if f e r e n t  k in e t ic  d is so c ia tio n  constan ts  {K_ 2 > K-i) which might 

a r is e  from s t e r i c  h inderance. This suggests th a t  the  binding

mechanism might be neg a tiv e ly  coopera tive . The value of = 0.93 uM 

then probably re p re se n ts  an approximate value fo r  the  b ind ing ' o f 

the second a -su b u n it.  In order to  e stim a te  the  thermodynamic

d isso c ia tio n  con stan t fo r  the f i r s t  a -su b u n it ,  b inding data  would 

have to  be ob tained  a t  very low a -su b u n it co n cen tra tio n s . This could 

not be achieved by equ ilib rium  d ia ly s is  as d escribed  in Section 

3 .3  since the a -su b u n it concen tra tio n s were measured by enzyme 

a c t iv i ty  assays and the co ncen tra tions a re  a lread y  c lo se  to  the 

as sa y 's  l im i t  o f d e te c tio n . Therefore a d e f in i te  conclusion regarding 

the presence of negative c o o p e ra tiv ity  cannot be made with the



The k in e tic  da ta  in  Table 12 im plies the presence o f  two a l te rn a t iv e s .  

E ith e r  the  assembly mechanism e x h ib its  negative co o p e ra tiv ity  or 

th e  mechanism i s  non-cooperative w ith s t e r i c  hinderance occurring 

only in the a ^ - in t e r m e d ia t e .  Therefore th e  ov e ra ll conformations 

o f the  apoe^-subunit and th e  f in a l eq u ilib riu m  a 2apo62-complex are 

s im ila r  w ith s t e r i c  hinderance a l te r in g  the b inding a f f in i t y  of 

the a t B2°-'s"ntermedfate fo r  the  second o -su b u n it.  Under these 

co n d itio n s n o n -co o p e ra tiv ity  could occur even though s t e r i c  hinderance 

may be p re sen t.



4 .6 .2  Conformational Changes o f '"he B2-Subunit

Tschopp & K irschner {1980b) have compared the cooperative binding 

o f pyridoxine-phosphate  (an analogue o f PIP) to the apoBj-subunit 

w ith  the non-cooperative binding to  the a 2apo62-complex. They con­

cluded th a t  th e  a -su b u n it s t a b i l i s e s  a conform ation of the  62-su b u n it 

which resem bles th e  1R' conformation o f the  apoG z-subunit. This 

im p lie s  th a t  th e  b inding of the a -su b u n it to  the apoGg-subunit induces 

a conform ational change of th e  62-su b u in t which probably corresponds 

to  th e  proposed iso m erisa tio n  re a r tio n s  in  Mechanism 38.

The e f f e c t  o f the holoB z-subunit conform ational change, induced 

by a -su b u n it b in d ing , has been in d ir e c t ly  observed by comparison 

o f th e  r e a c t iv i t i e s  o f  the hoIoBa-subum 't and th e  a 2ho?o62-co!iip?ex 

towards re a c tio n  w ith t ry p s in .  In the case of ho loB j-subun it, r e ­

a c tio n  w ith try p s in  r e s u l t s  in  nick ing  o f th e  62-su b u n it (Hogberg- 

Raibaud & Goldberg, 1977).

However, the holoB z-subunit remains in ta c t  when the agholoBz-complex 

i s  reac ted  w ith try p s in  (M iles & Higgins, 1978). I t  is  not known 

whether th is  p ro te c tio n  of th e  B2-s u b u n it , afforded  by the a -su b u n it, 

occurs in the case of apoS2-su b u n it.  Such experim ents to  compare 

the r e a c t iv i t i e s  o f the  apoBg-subunit and the o^apo^-com plex towards 

re a c tio n  with try p s in  would In d ica te  whether th e  conformation of 

the  apoB a-subunit, s ta b i l i s e d  by a -su b u n it b in d in g , resembles the  

conform ation o f th e  holoBg-subunit o r the  B2-su b u n it  in  the aaholoBa" 

complex. These experim ents would v e r ify  whether the PIP co fac to r 

and a -su b u n it induce s im ila r  conform ational changes in the apoBg-



4 .7  S tru c tu re  and Function o f tM  a 2apo82-conip1ex

The a 2holog2-complex c a ta ly se s  th e  condensation o f indole  and L- 

se r in e  to  give L -tryptophan (Reaction 2 in Table 1) and th e  hydro lysis 

o f  indol egl y cero l-phosphate  to  give indole  and glyceraldehyde-3- 

phosphate (Reaction 1 in Table I ) .

Bartholmes e t  a l .  (1980) have mixed PLP w ith agapogg-complex and 

observed a .binding s te p  followed by two consecutive isom erisa tion  

re a c tio n s . In ad d itio n  the au thors have dem onstrated th a t  fu l l  

enzyme a c t iv i t y  fo r  th e  s2-su b u n it p a r t ia l  reac tio n  (Reaction 2 

in  Table I)  i s  generated during the second iso m erisa tio n  rea c tio n .

However i t  i s  no t known whether the fu l l  enzyme a c t iv i t y  fo r  the 

a -su b u n it p a r tia l rea c tio n  (Reaction 1 in Table I )  i s  generated 

in  the  same iso m erisa tio n  reac tio n  as fo r  th e  gg-subun it p a r tia l  

re a c tio n  or in  the  iso m erisa tio n  rea c tio n s  o f Mechansim 38 lead ing  

to  the  form ation o f the a 2apoB2-complex. In the form er ca se , where 

th e  a c t i v i t i e s  fo r  both th e  a -su b u n it and c^-subun it p a r t ia l  reac tions 

in c rea se  during  the same iso m erisa tio n  s te p ,  th i s  isom erisa tion  

must involve the r e o r ie n ta tio n  o f a l l  four subunits o f th e  ajapoBj- 

complex. In th e  l a t t e r  ca se , where the a c t iv i ty  of th e  a -subun it 

p a r t ia l  reac tio n  is  m aintained constan t during the in c rea se  in ac­

t i v i t y  of the  Bg-subunit p a r t ia l  re a c tio n , th e  iso m erisa tio n  observed 

by Bartholmes e t  a l.  (1980) must involve a change lo ca ted  mainly 

w ith in  the B2-su b u n it sec tio n  of the c^hoW z-ccm plex . D ifferen­

t ia t io n  of these  two p o s s ib i l i t i e s  could be achieved by measuring 

the ra te  of increase  of a c t iv i ty  o f the  a -su b u n it p a r t ia l  reac tion  

during the assembly of a -su b u n it w ith apos2-su b u n it : r  during the 

binding of PLP to  the ajapoBj-com plex.

4
i



While th i s  study has been concerned with th e  assembly o f th e  Q2apo62- 

complex, a s im ila r  experim ental approach has been used to  study 

the assembly o f th e  azholoBz-complex.

Lane e t  a l .  (1984) have shown th a t  b inding o f a -su b u n it 

subunit resuT ts in an 'in i t ia l  ag-complex which subsequently  

to  a f in a l aB*-complex. In ad d ition  fu l l  a -su b u n it and

a c t iv i t i e s  a re  achieved in the Isom erisa tion  process 

synchronous changes o f both a -  and e-protom ers.

to  holoBa* 

iso ver ise s  

62-subun it 

ind ica tin g
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