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S u b s t r a t e  E f f e c t  o n  R i b o f l a v i n - S e n s i t i z e d  
P h o t o i n a c t i v a t i o n  o f  T a k a - A m y l a s e  A 

I t  is k n o w n  t h a t  the  presence  of subs t r a t e  cons iderably  
pro tec t s  Taka-amylase  A from hea t -  and  UV-inac t iva-  
t ion a,2. The prote in  s t ruc ture  of Taka-amylase  A com- 
posed of a single po lypep t ide  chain is held b y  4 - S - S -  
links 3 and hydrogen  bridges be tween  pept ide  chains.  
These links m a y  be broken by  the  t he rma l  v ib ra t ion  a t  
h igher  t e m p e r a t u r e s  to br ing  abou t  the  des t ruc t ion  of 
enzyme s t ruc ture .  Such des t ruc t ion  leads to hea t -  
d e n a t u r a t i o n  and - inact ivat ion.  I r r ad ia t ion  wi th  the  UV- 
l ight  longer  t h a n  abou t  250 n m  main ly  gives rise to  the  
cleavage of - S - S -  bond  in cyst ine  to  -S" "S- radicals  and 
the  ox ida t ion  of the  o ther  amino acid residues ~. These 
events  yield the  pho to- inac t iva t ion .  In  the  case of UV- 
inac t iva t ion ,  the  subs t r a t e  inhibi ts  no t  only the  pho to -  
chemical  process of inact ivat ion,  b u t  the  t he rma l  pro- 
cesses due to the  microscopic local hea t ing  by  the  in ternal  
convers ion of exc i ta t ion  energy into hea t  and due to the  
macroscopic  t empe ra tu r e  of the  sys t em 2. 

The pho to - inac t iva t ion  sensi t ized by  r iboflavin is also 
inh ib i ted  b y  the presence of subs t ra te .  The effect  of sub- 
s t ra te  (soluble starch) concen t ra t ion  on the  rat io of the  
ini t ial  ve loc i ty  of pho to - inac t iva t ion  a t  20 ~ in the  presence 
of subs t r a t e  (R) to t h a t  in the  absence of subs t ra te  (R0) is 
shown in Figure  1. This rat io decreases s t rongly  even in 
the  presence  of small  amoun t s  of subs t ra te .  Figure 2 
shows the  effect  of subs t ra te  on hea t -  and pho to - inac t iva -  
t ion at  var ious  t empera tu res .  H e a t  t r e a t m e n t  in the  dark  
or i r rad ia t ion  wi th  visible l ight absorbed  by  445 r im-band 
of r ibof lavin  was carried out  for 10 and 60 min  under  
aerobic condit ions.  The i r radia t ing  l ight  was isolated f rom 
a 500 W pro jec t ion  lamp by  means  of appropr ia te  glass 
filters. The ac t iv i ty  was measured  a t  40 ~ by  the  blue 
value m e t h o d  5. The pho to - inac t iva t ion  observed  is caused 
by  the  effects  of bo th  hea t -  and pho tochemica l  processes. 
Ribof lav in  is uns table  under  i l luminat ion wi th  visible 
l ight  and,  in the presence of oxygen,  is decomposed  ir- 
revers ibly  to lumif lavin  or lumichrome 6.s and  ribose 
side chain 9. Lumif lav in  is conver t ed  to lumichrome 
finally. These  der ivat ives  as well as r iboflavin in the i r  
t r ip le t  s ta tes  m a y  form ' t r ip le t - t r ip le t  complexes '  wi th  the  
so lva ted  oxygens  in the  t r ip le t  g round  states.  The allowed 
mul t ip l ic i ty  of the  complex  is singlet,  t r ip le t  and  qu in te t  
according to  the  spin conserva t ion  law. The s inglet  com- 
plex is al lowed to dissociate into s inglet  dye and  singlet  
oxygen,  and  the  t r ip le t  one into singlet  dye and  t r ip le t  
oxygen.  The la t te r  process s t ands  for the  quench ing  of 
t r ip le t  s ta te  of dye by  oxygen.  The exci ted singlet  s ta te  
of oxygen  crea ted  by  the  former  process is me tas t ab le  and  
h ighly  react ive.  The react ive oxygen  may  react  wi th  
wa te r  to produce  hydrogen  peroxide  which oxidizes the  
amino acid residues or m a y  di rec t ly  oxidize them.  This  is 
the  main  mechan i sm for the  pho to - inac t iva t ion  of Taka-  
amylase  A sensit ized by  r iboflavin.  Such photochemicaI  
process is t e m p e r a t u r e - d e p e n d e n t ,  while t h a t  in the  UV- 
inac t iva t ion  in the  absence of r ibof lavin  is i n d e p e n d e n t  of 
t empe ra tu r e .  As shown in Figure 2, curve (1) and (5), the  
t e m p e r a t u r e - d e p e n d e n t  pho tochemica l  process gives rise 
to  a gradual  decrease of ac t iv i ty  wi th  increasing the  
t e m p e r a t u r e  in the  region below abou t  40 ~ where no 
appreciable  hea t - inac t iva t ion  occurs as shown in curve 
(3) and (7). The ac t iv i ty  decreases rap id ly  to zero a t  
h igher  t e m p e r a t u r e s  in bo th  cases of photo-  and  hea t -  
inac t iva t ion ,  as the  result  of hea t -dena tu ra t i on .  But ,  in 
the  case of photo- inac t iva t ion ,  the  ac t iv i ty  begins to  
decrease a t  lower t e m p e r a t u r e  t h a n  in the  case of hea t -  
inac t iva t ion  owing to the  combined  effect  of heat -  
d e n a t u r a t i o n  and photo-oxida t ion .  

The subs t r a t e  inhibi ts  pa r t l y  the  t h e rma l  inac t iva t ion  
by  the  fo rma t ion  of subs t ra te -  and p ro d u c t - en zy me  com- 
plexes which  highly  stabilizes the  enzyme s t ruc ture  and  
p reven t s  t he  the rmal  des t ruc t ion  of enzyme1, and  pa r t l y  
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Fig. 1. Effect of substrate on velocity of photo-inactivation sensitized 
by riboflavin. R and R 0 are respectively initial velocities of photo- 
inactivation in the presence and in the absence of substrate at 20 ~ 
pH 5.6. Concentration of Taka-amylase A: 0,005 %. Concentration of 
riboflavin: 3.3 �9 10-5M. Exciting light: light absorbed by 445 nm 

band of riboflavin. 
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Fig. 2. Ef fect  of substrate oi1 heat- and photo- inact ivat ions at 
various temperatures. Dashed line, heat-inactivation; solid line, 
photo-inactivation; o, in the absence of substrate; x, in the 
presence of substrate; (1), (2), (3), (4), treated for 10 min; (5), (6), 
(7), (8), treated for 60 min; concentration of Taka-amylase A, 
0.005% ; coilcentration of starch, 0.6% ; pH 5.6. Exciting light: light 

absorbed by 445 nm band of riboflavin. 
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t h e  p h o t o - o x i d a t i o n  p r o c e s s  of  a m i n o  ac i d  r e s i d u e s  b y  
d e c r e a s i n g  t h e  co l l i s ion  f r e q u e n c y  b e t w e e n  a c t i v e  o x y g e n  
o r  h y d r o g e n  p e r o x i d e  a n d  e n z y m e ,  i n c r e a s i n g  t h e  v i s -  
c o s i t y  of  m e d i u m .  F u r t h e r m o r e ,  t h e s e  o x i d i z e r s  m a y  be  
d e s t r o y e d  b y  t h e  r e a c t i o n  w i t h  s u b s t r a t e  o r  p r o d u c t  
a r o u n d  t h e  e n z y m e ,  c r e a t i n g  a f a v o u r a b l e  c o n d i t i o n  fo r  
e n z y m e  p r o t e c t i o n .  

Zusammen/assung. D u r c h  s i c h t b a r e s  L i c h t  w i r d  d ie  
T a k a - A m y l a s e  A in  G e g e n w a r t  y o n  R i b o f l a v i n  i n a k t i -  

v i e r t .  D ie  I n a k t i v i e r u n g  d e r  A m y l a s e  i s t  d u r c h  p h o t o -  
c h e m i s c h e  u n d  t h e r m i s c h e  E i n w i r k u n g  v e r u r s a c h t .  D a s  
S u b s t r a t  v e r h i n d e r t  in  g e w i s s e m  M a s s e  d ie  I n a k t i v i e r u n g  
d e r  A m y l a s e .  D e r  m 6 g l i c h e  M e c h a n i s m u s  f i ir  e ine  s o l c h e  
S c h u t z w i r k u n g  de s  S u b s t r a t s  w i r d  d i s k u t i e r t .  
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Dist inct ion entre les variat ions  ph4notypiques  
sexuel les  et g6n4tiques chez  le Rat, par l 'analyse  
immuno61ectrophor4t ique  des prot6ines uri-  

naires sp4cif iques ~ 

Introduction. N o u s  a v i o n s  a n t 6 r i e u r e m e n t  n o t 6  q u e  les 
p r o t 6 i n e s  u r i n a i r e s  p o s s ~ d e n t  u n e  p e r s o n n a l i t 6  a n t i g 6 n i -  
q u e  c o m p l e x e ,  6 t a n t  le s i6ge de  v a r i a t i o n s  i n d i v i d u e l l e s  
e t  s e x u e l l e s  2. 

N o u s  a v o n s  p o u r s u i v i  ces  6 t u d e s  de  c a r a c t 4 r i s a t i o n  de s  
v a r i a t i o n s  p h 6 n o t y p i q u e s  d e s  p r o t 6 i n e s  u r i n a i r e s ,  dar t s  le 
d o u b l e  b u t  de  v o i r  s ' i l  y a c o r r 6 i a t i o n  e n t r e  l ' i m p o r t a n c e  
de  ces  d i f f 6 r e n c e s  p h 6 n o t y p i q u e s  e t  la  p u r e t 6  g 6 n 6 t i q u e  e t  
a f i n  de  d i s t i n g u e r  e n t r e  el les  les v a r i a t i o n s  rel i6es a u  s e x e  
e t  & la p u r e r 6  g 6 n 6 t i q u e .  

Matdriel et mdthodes. N o u s  a v o n s  s o u m i s  & l ' u l t r a f i l t r a -  
t i o n  3, 3 poo l s  d ' u r i n e  de  10 r a t s  de  r a c e  S p r a g u e - D a w l e y  
a d u l t e s  c h a c u n ,  de  m 4 m e  s e x e  e t  de  s e x e  d i f f6 r en t ,  a f i n  
d ' o b t e n i r  de s  c o n c e n t r a t i o n s  p r o t 6 i q u e s  a j u s t 6 e s  de  65 
m g / m l  d ' u r i n e .  N o u s  a v o n s  f a i t  l ' a n a l y s e  61ec t rophor6-  
t i q u e  c o m p a r 6 e ,  s u r  m e m b r a n e  d ' a c 6 t a t e  de  ce l lu lose4,  
l ' a i d e  de  l ' a p p a r e i l  m i c r o z o n e  R - 1 0 1  de  B e c k m a n ,  de  ces  
u r i n e s  c o n c e n t r 6 e s  so lub i l i s6es  en  b u f f e r  p h o s p h a t e ,  p H  

7.0. D ' a u t r e  p a r t ,  ces  u r i n e s  poo l6es  o n t  6t6 u t i l i s6e s  
ap r~s  l y o p h i l i s a t i o n ,  p o u r  la  p r o d u c t i o n  d ' i m m u n s 6 r u m s ,  
c h e z  le l ap in ,  s e l o n  la m 6 t h o d e  de  l ' a d j u v a n t  c o m p l e t  de  
F r e u n d ;  ces  a n t i c o r p s  6 r a n t  s u b s 6 q u e m m e n t  u t i l i s6s  d a n s  

Fig. 1. Electrophor6se sur membrane d'ac6tate de eellulose des 
prot6ines urinaires eoneentr6es par ultrafiltration (65 mg de pro- 
t6ines]ml de solution en buffer phosphate pH 7.0) de rats mgdes 
(2 et 3) et de rats femelles (4 et 5); 1 repr4sentant la migration de 
r6f6rence du s6rum de rat  normal. A rioter les diff6rences marquantes  
entre les prot6ines urinaires male et femelle (fl6ehes). Ces diff6rences 
sont surtout  importantes au niveau des rho-prot6ines (I16ehe a) et 

de l'uroprot6ine prineipale (tl6ehe b). 

Fig. 2. Illustration des sites prot4fines oh se situent les variations 
ph6notypiques reli4es au sexe sur les prot61nes urinaires du rat. 
A: A.I.E.; I-~Xolatrant la riehesse de l 'anticorps de Lapin ei? prot6ines 
urinaires sp6eifiques (eet immuns6rum permettant  de d6voiler avec 
l 'urine de rat mgde coneentr4e 7 eonstituants d'origine non-s4rique}. 
B: Analyse immuno61ectrophor6tique conipar6e de l 'urine du rat 
in~tle (haut) et fetnelle (bas) 5 l'aide de Fimmuns6rum antiurine de 
mille (euve longitudinale) d6montrant  l 'absence d'une rho-prot4ine 
dans l 'urine femelle et la diff6rence quantitative relative de I ' U P P .  

1 Travail subventionn6 par l'octroi n ~ 362-10 du ConseiI des Re- 
eherehes m6dieales du Canada. 
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