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An X-ray solution scattering study of the cofactor and activator induced 
structural changes in yeast pyruvate decarboxylase (PDC) 
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Structure and activation pattern of pyruvate decarboxylase (PDC) from yeast was studied by synchrotron radiation X-ray solution scattering. The 
results give a direct proof that the reversible deactivation of PDC at pH 8.0 is accompanied by the dissociation of the tetrameric holoenzyme into 
dimeric halves. The kinetics of this process was followed. At pH 6.5 the dimeric halves reassociate to a tetramer even in the absence of cofactors. 
The changes of the scattering pattern upon binding of the substrate-like activator pyruvamide indicate that the structure expands in the course 

of the enzyme activation. 
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1. I N T R O D U C T I O N  

P y r u v a t e  deca rboxy la se  is an  enzyme f rom the 
cy toso l  tha t  ca ta lyzes  the  d e c a r b o x y l a t i o n  o f  2-oxoac ids  
to  the  co r r e spond ing  a ldehydes .  The  enzyme ext rac ted  
f r o m  yeast  is an  trz6'2 t e t r a m e r  [1] wi th  a molecu la r  mass  
o f  240 k D a  [2]. In  phys io log ica l  cond i t ions  a r o u n d  p H  
6.0 the  two co fac to r s  t h i amine  p y r o p h o s p h a t e  ( T P P )  
a n d  M g  2+ are  b o u n d  in a quas i - i r revers ib le  manne r .  A t  
p H - v a l u e s  a b o v e  7.0 the  cofac to r s  a re  re leased  and  an  
a p o e n z y m e  is fo rmed .  Prev ious  studies [3] suggested 
tha t  s imu l t aneous ly  the  t e t r amer ic  enzyme dissocia tes  in 
two  d imer ic  halves.  R e c o m b i n a t i o n  o f  the  a p o e n z y m e  
in to  the  ho loenzyme  takes  p lace  at  p H  values  be low 7.0 
in the  presence o f  T P P  and  Mg 2+. 

T h e  ac t iv i ty  o f  P D C  is regu la ted  by  the subs t ra te  as 
ind ica t ed  by  a s igmoida l  dependence  o f  the  ra te  on  
subs t r a t e  concen t r a t i on  [4-7]  and  a lag phase  in the  ap-  
p e a r a n c e  o f  p roduc t s  co r r e spond ing  to  enzyme act iva-  
t ion  [8]. C o n s e r v a t i o n  o f  the  va r ious  r egu la to ry  states 
o f  the  enzyme by cross - l ink ing  [9] and  r e t a r d a t i o n  o f  
subs t r a t e  ac t iva t ion  by  i m m o b i l i z a t i o n  o f  the  enzyme 
on a sol id  ma t r ix  [10] suggest  tha t  a s t ruc tura l  change  
occurs  du r ing  the t r ans i t ion  f rom the inact ive  to  the  
subs t r a t e -ac t iva ted  fo rm.  In the  present  so lu t ion  X - r a y  

sca t te r ing  s tudy we have  inves t iga ted  the  s t ruc tura l  
changes  dur ing  enzyme d issoc ia t ion  and  r e c o m b i n a t i o n  
as well  as dur ing  subs t ra te  ac t iva t ion .  

2. M A T E R I A L S  A N D  M E T H O D S  

PDC was extracted from yeast from the brewery Wernesgriin [1]. 
The enzyme is homogeneous as indicated by SDS-PAGE, with a 
specific activity of 50-60 units/mg. The activity was determined spec- 
trophotometrically using alcohol dehydrogenase (ADH; Boeh- 
ringer-Mannheim) and NADH (AWD Dresden) as complementary 
enzyme system [11]. Pyruvamide was synthesized according to Vogel 
and Schinz [12]. TPP was obtained from Serva (Heidelberg). All 
other chemicals were of analytic grade. Protein concentrations were~ 
determined at 280 nm using an extinction coefficient of 281 000 
M -1 .cm-I. 

The X-ray solution scattering measurements were made at 7°C on 
the X33 camera [13] of the EMBL in HASYLAB at the storage ring 
DORIS of the Deutsches Elektronen Synchrotron at Hamburg using 
the standard data acquisition and evaluation systems [14,15]. Static 
scattering patterns were recorded during 3 min in the range 1.5 x l0 -2 
_< s -< 2.2 x 10- ~ nm- 1, where s = 2sin0/A,A is the wavelength and 20 
the scattering angle. The dissociation of PDC was followed with a 
time resolution of 30 s. 

3. R E S U L T S  A N D  D I S C U S S I O N  
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3.1. Solution X-ray scattering patterns 
Solu t ion  X - r a y  sca t ter ing  pa t t e rns  o f  P D C  were ob-  

t a i ned  in 0.1 M sod ium ci t ra te  buf fe r ,  p H  6.2, in the  
p r o t e i n  concen t ra t ion  range  1 - 7 . 2  mg P D C / m l .  In  this  
range  the f o r w a r d  scat ter ing is p r o p o r t i o n a l  to  the  p ro -  
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Fig. I. Time dependence of the forward scattering (o), the enzymatic activity (o) and the apparent radius of gyration during the dissociation of 
PDC in glycine/phosphate buffer pH 8.0. [PDC] = 7.2 mg/ml. 

tein concentration and the radius of  gyration has a con- 
stant value of  4.1 +_ 0.1 nm, in agreement with previous 
observations [16]. A concentration-dependent aggrega- 
tion of  PDC can thus be excluded. Even after exposures 
o f  30 min corresponding approximately to a dose of  0.5 
Mrad no loss of  enzymic activity could be detected. 

3.2. Dissociation of  holo-PDC into apoenzyme and 
recombination of  the apoenzyme with the co factors 

Release of  T P P  and Mg 2+ from holo-PDC was in- 
itiated by changing the pH from 6.2 to 8.0. The kinetics 
of  this process can be monitored by the decrease in ac- 
tivity (Fig. 1) which has a rate constant of  6.7 x 10 -4 

s-] .  The decrease in activity is paralleled by a reduction 
of  50°70 of  the forward scattering and of  the radius of  
gyration by about 0.45 nm which occur at the same rate. 
This indicates that under the conditions used the forma- 
tion of  apo-PDC is accompanied by a change in quater- 
nary structure. The reduction of  the forward scattering 
corresponds to the dissociation of  the holoenzyme in 
two dimeric halves as previously inferred [3]. The 
distance between the centres of  the dimers in the 
tetramer calculated from the radii of  gyration using the 

parallel axis theorem is 3.7 nm in agreement with 
previous observations [16]. 

After dissociation, adjusting the pH to 6.5 results in 
a rapid recovery of  the forward scattering to its initial 
level, although the sample does not present measurable 
enzymic activity. Reactivation only occurs after addi- 
tion of  excess T P P  and Mg 2+. The most significant 
changes in the scattering curves occur at s > 0.1 nm-1. 
Thus, at pH 6.5 the dimeric halves reassociate to a 
tetramer even in the absence of  cofactors. This tetramer 
then recombines with the cofactors to give the en- 
zymatically active holoenzyme. 

These results are in agreement with previous observa- 
tions which had shown that the recombination rate is in- 
dependent of  the apoenzyme concentration and that 
protein association processes play no role in the recom- 
bination [10]. Further, it had been shown that at pH 6.2 
the apoenzyme bound to a solid matrix can be recom- 
bined with the cofactors to the active form. This would 
not be expected if the enzyme existed under the form of  
dimeric halves at this pH. 

Whereas, as illustrated in Fig. 2, the scattering for s 
< 0.1 nm -1 hardly changes after recombination with 
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Fig. 2. Guinier plot of the scattering patterns of PDC (A and C), after addition of 50 mM pyruvamide (B) or 10 mM TPP+ 10 mM Mg 2+, 
respectively (D). The two sets of curves are displaced by one logarithmic unit for better visualization. [PDC] = 7.2 mg/ml. Inset: plot of log I(s) 

vs s for A and B. 

the cofactors, there are significant differences between 
the pattern of apo- and holo-PDC at larger angles. 
These differences indicate, in agreement with circular 
dichroism studies [17], that upon binding of the cofac- 
tors, conformational changes take place in the subunits 
and/or their interfaces. 

3.3. Activation of  PDC with the substrate-like 
activator pyruvamide 

Comparison of the scattering pattern of PDC in the 
presence and absence of pyruvamide (Fig. 2) indicates 
that significant changes occur at larger angles. The in- 
tensity in the low angle region is not affected by addi- 
tion of pyruvamide, but there is an increase of the 
radius of gyration of PDC from 4.1_+0.1 nm to 
4.3 _+ 0.05 nm in the pyruvamide-activated enzyme. This 
indication of a structural change upon activation cor- 
responding to an expansion of the enzyme correlates 
well with the accelerated 1H/3H exchange in the 
presence of pyruvate [18] as well as the enhanced reac- 
tivity of SH-groups of activated PDC with SH-reagents 
[19]. 

The observation of structural changes upon activa- 
tion is also in line with previous studies indicating that 
fixation of PDC to a solid matrix strongly delays activa- 
tion by the substrate [10] but that an active conforma- 

tion can be conserved by appropriate cross-linking in 
the presence of substrate [19]. 
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