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I r radia t ion of t ransketolase  by visible light in the presence  of methylene blue leads to 
loss of its enzymic activity. The relat ionship between the rate of photoinactivation and 
the concentrat ion of enzyme and of the sens i t izer  was investigated. The ionic s trength 
has pract ica l ly  no effect  on the photoactivation p rocess .  

Photooxidation is widely used in the study of the proper t ies  of enzymes.  This method has been used 
by the wr i t e r s  to investigate functional groups of the t ransketolase of Bakers '  yeas t  [1]. 

In the present  investigation the effect  of the experimental  conditions on photoinactivation of the enzyme 
was studied. 

E X P E R I M E N T A L  M E T H O D  

A crystal l ine  specimen of t ransketolase  was obtained f rom bakers '  yeas t  by the method of Racker  
et  al. [8]. Photooxidation was ca r r i ed  out in thermostat ical ly  control led ceils (22 • 1~ placed 21 cm f rom 
the source of radiation (a 200-W incandescent lamp, with a red  filter) . The thickness of the layer  of the 
i r radia ted  samples was 2 mm, their volume 0.5 ml, and pH 7.6. The composition of the samples (in moles) 
during i r radiat ion (final concentrations) was as follows: glycyl-glycine buffer 0.1; t ransketolase 1.4.10-6;  
methylene blue 2.5 �9 10-~. Similar  tests were ca r r i ed  out, but without the photosensi t izer ,  as the control.  
Activity was determined as descr ibed previously  [1]. An enzyme sample with specific activity of 12 i.u. 
was used. 

E X P E R I M E N T A L  R E S U L T S  

The rate of photoinactivation of t ransketolase as a function of methylene blue concentrat ion is shown 
graphical ly in Fig. 1. With an increase  in the concentrat ion of photosensi t izer  (from 3 �9 10-7 to 0.6 �9 10 -5 M) 
the rate of photoinactivation of the enzyme at f i r s t  increased,  then remained vir tual ly unchanged over a 
wide range of concentrat ion changes (from 0.6 �9 10-5 to 2.4 �9 10-5), af ter  which it decreased  gradually and 
fell to zero.  The initial r i se  of the curve was due to the fact  that the rate of photooxidation (other conditions 
being equal) is determined by the concentrat ion of one of the subst ra tes  of the oxido-reduetion reaction,  
in this case the concentrat ion of methylene blue.* The subsequent fall of the curve on a fur ther  increase 
in the methylene blue concentrat ion can evidently be explained by assuming that the sens i t izer  begins to 
l imit  the penetration of light into the inter ior  of the solution, so that in fact  the intensity of illumination 

*Slowing of photooxidation in the presence  of insufficient sens i t izer  has also been observed during the in- 
vest igation of other enzymes  [4, 6, 11]. 
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Fig .  1. P h o t o i n a c t i v a t i o n  of t r a n s k e t o l a s e  wi th  d i f f e r e n t  c o n c e n t r a t i o n s  
of m e t h y l e n e  b lue  in a s a m p l e  i r r a d i a t e d  w i th  l i g h t  f o r  30 rain.  A b s c i s s a  
- m e t h y l e n e  blue c o n c e n t r a t i o n  (in M" 10-5); o r d i n a t e  - d e g r e e  of pho to -  
i n a c t i v a t i o n  (in % of i n i t i a l  a c t i v i t y ) .  

F ig .  2. P h o t o i n a c t i v a t i o n  of t r a n s k e t e l a s e  p r e s e n t  in d i f f e r e n t  c o n c e n -  
t r a t i o n s  in s a m p l e  i r r a d i a t e d  wi th  l i gh t  fo r  15 ra in .  A b s c i s s a - p r o t e i n  
c o n c e n t r a t i o n  (in M .  10-6); o r d i n a t e  - d e g r e e  of p h o t o i n a c t i v a t i o n  (in % 
of i n i t i a l  a c t i v i t y ) .  

T A B L E  1. E f f e c t  of T e m p e r a t u r e  
on Ve loc i ty  of P h o t o i n a c t i v a t i o n  of 
T r a n s k e t o l a s e  
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T A B L E  2. E f f e c t  of Ionic  S t r eng th  on 
P h o t o i n a c t i v a t i o n  of T r a n s k e t o l a s e  
(du ra t i on  of i r r a d i a t i o n  15 rain;  m e t h -  
y lene  b lue  c o n c e n t r a t i o n  2.4 �9 10-5 M) 

S air added 
to sample •!•a 

~ ~a ~ i ~  o 

~) o ~ - , ' :  :.2. 

Nothing add. 
i(Cl 
KNOa 
NH4NOa 

7 7 
3,6 3,6 
2,6 2,6 

55 
42 
62 
50 

--26 
+12 
--9 

f a l l s  and  the r a t e  of the p r o c e s s  i s  s lowed .  T r a n s k e t o l a s e  a c -  
t i v i ty  in the s a m p l e  wi th  m e t h y l e n e  blue k e p t  in d a r k n e s s  r e -  
m a i n e d  c o m p l e t e l y  i n t ac t  w h a t e v e r  the c o n c e n t r a t i o n  of the s e n s -  
i t i z e r ,  i nd i c a t i ng  tha t  the s e n s i t i z e r  i t s e l f  had  no i n h i b i t o r y  
e f f e c t  on the e n z y m e .  

Relationship between Rate of Photoinactivation of the 

E n z y m e  and I ts  C o n c e n t r a t i o n .  The c h a n g e s  in the r a t e  of pho to -  
i n a c t i v a t i o n  of t r a n s k e t o l a s e  when p r e s e n t  in d i f f e r e n t  c o n c e n -  
t r a t i o n s  in the i r r a d i a t e d  s a m p l e s  a r e  i l l u s t r a t e d  in F ig .  2. The 
c a u s e  of the d e c r e a s e  in the r a t e  of p h o t o i n a c t i v a t i o n  wi th  an 
i n c r e a s e  in the c o n c e n t r a t i o n  of the e n z y m e  is  e v i d e n t l y  the 
s a m e  as  tha t  du r ing  a d e c r e a s e  in the c o n c e n t r a t i o n  of m e t h -  
y l e n e  b lue :  f e w e r  m o l e c u l e s  of the s e n s i t i z e r  a r e  p r e s e n t  fo r  
e a c h  m o l e c u l e  of p r o t e i n .  The p o s s i b i l i t y  of mutua l  s c r e e n i n g  
of the p r o t e i n  m o l e c u l e s ,  p r e v e n t i n g  the a p p r o a c h  of e x c i t e d  
m o l e c u l e s  of the dye to t hem,  l i k e w i s e  canno t  be r u l e d  out [3]. 

P h o t o i n a c t i v a t i o n  of T r a n s k e t o l a s e  a t  D i f f e r en t  T e m p e r -  
a t u r e s .  As  the r e s u l t s  in Tab le  1 show,  the r a t e  of p h o t o i n a c -  
t i va t i on  fe l l  wi th  a d e c r e a s e  in t e m p e r a t u r e  f r o m  22 to 2~ 
and m o r e  r a p i d l y  a t  pH 7.5 than a t  pH 9.0. The d e c r e a s e  in 
the d e g r e e  of p h o t o i n a c t i v a t i o n  in the co ld  i s  e x p l a i n e d  by a 
d e c r e a s e  in  the r a t e  of p h o t o o x i d a t i o n  of the a m i n o  a c i d  r e s -  
i dues ,  d e s t r u c t i o n  of wh ich  l e a d s  to l o s s  of e n z y m e  a c t i v i t y  [5]. 
A c c o r d i n g  to Wei l  [12], who i n v e s t i g a t e d  the t e m p e r a t u r e  d e -  
pendence  of pho toox ida t ion  of v a r i o u s  a m i n o  a c i d s ,  th i s  d e -  
p e n d e n c e  i s  m o s t  m a r k e d  in the c a s e  of t y r o s i n e .  F o r  i n s t a n c e ,  

with a decrease in temperature from 20 to 2~ the rate of tyrosine breakdown is reduced by almost five 
times. Meanwhile, the decrease in the rate of photooxldation of histidine was only 45-50%. This tem- 

perature dependence of photooxidation of amino acids evidently applies to enzymes also [13]. 

In the previous investigation [i] it was shown that photoinactivation of transketolase is due to de- 
struction of the histidine residue (or residues) in the enzyme molecule. Meanwhile, the curve of velocity 

of photoinactivation versus pH indicated that the loss of activity at high pH values (8-10; the region of photo- 
oxidation of tyrosine residues) could be due to photooxidation not only of the histidine, but also of the 

tyrosine residues. However, since with a change in temperature from 22 to 2~ the observed decrease 

in the rate of photoinactivation at pH 7.5 was higher than at pH 9.0 (Table i), this explanation of the in- 

crease in the rate of photoinactivation of the enzyme in the alkaline region [I] by photooxidation of tyro- 
sine residues seems doubtful. 
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Effect  of Ionic Strength. The work of Bellin and Jankus [2] has shown that ionic s t rength  has no ef fec t  
on the photooxidation of f r ee  amino  ac ids .  In the case  of protein,  however ,  ionic s t reng th  may influence 
its s t ruc tu re  and thus change the reac t iv i ty  of the photooxidized amino acid res idues .  In terac t ion  of the 
ions d i rec t ly  with the photooxidized groups  of the prote in  or  with the molecule  of the sens i t i ze r  is a lso  
a poss ibi l i ty .  For  instance,  the p re sence  of pa ramagne t i c  cat ions or  halogens during photoi r radia t ion  
of t a k a - a m y l a s e  inhibited i ts  photoinactivation,  by shortening the per iod during which the sens i t i ze r  ( r ibo-  
flavin) was in an exci ted  s tate  [7, 9, 10]. The r e su l t s  of the invest igat ion of the ef fec t  of ionic s t rength  
on the photoinactivat ion of t r anske to lase  a re  given in Table 2. Of all the sa l ts  invest igated only KC1 had 
any apprec iab le  e f fec t  on the ra te  of photoinact ivat ion of the enzyme.  However,  methylene blue was s t rongly  
decolor ized  in the p resence  of KC1 (both in the expe r imen ta l  sample  and in the control  - in darkness) :  a c -  
cording to the photomet r ic  data,  by 10 t imes  during an e x p e r i m e n t  las t ing 15 rain. Special exper imen t s  to 
study photo i r rad ia t ion  of t r anske to la se  in the p re sence  of s ens i t i ze r  in a concentrat ion of 2.4 �9 10 -6 M dem-  
ons t ra ted  a dec rea se  in the ra te  of photoinact ivat ion of 27% in 15 rain, i .e . ,  about the same as in the ex -  
p e r i m e n t s  with KC1 desc r ibed  above,  when methylene blue was used in a concentra t ion of 2 .4 .10  -5 M (Table 
2). I t  can thus be concluded that a high ionic s t rength  had v i r tua l ly  no e f fec t  on the ra te  of photoinactivation 
of t r anske to lase .  
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