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P h o t o -  and H e a t - I n a c t i v a t i o n  of  T a k a - A m y l a s e  A 
and S u b s t r a t e  Effects  

U n d e r  aerobic  condi t ions ,  t h e  i r r a d i a t i o n  of t a k a - a m y l -  
ase A (TAA) so lu t ion  b y  U V - l i g h t  or, if a su i t ab l e  sens i t i ze r  
is p resen t ,  b y  vis ible  l ight ,  b r ings  a b o u t  i r revers ib le  in-  
ac t iva t ion ,  x The  i n a c t i v a t i o n  is m a i n l y  de r ived  f r o m  the  
p h o t o - o x i d a t i o n  of t h e  c o n s t i t u e n t  a m i n o  acids. O n  h e a t -  
i ng  T A A  so lu t ion  ~,a, T A A  undergoes  c e r t a i n  cha r ac t e r i s t i c  
changes  in i t s  s t r u c t u r e ,  w h i c h  give r ise to  an  i r revers ib le  
loss of ac t iv i ty .  Therefore ,  the  p h o t o i n a c t i v a t i o n  in h igh  
t e m p e r a t u r e  r anges  is caused  b y  t h e  c o l l a b o r a t i o n  of h e a t  
a n d  p h o t o c h e m i c a l  processes.  I n  t h e  p resence  of a sub-  
s t r a t e ,  s t a r c h  s t r o n g l y  p r o t e c t s  T A A  f rom h e a t -  a n d  
p h o t o - i n a c t i v a t i o n  *-*. Th i s  p h e n o m e n o n  is of g r ea t  in-  
te res t ,  b u t  t he  de ta i l ed  m e c h a n i s m s  are s t i l l  obscure .  

The  pu rpose  of t h i s  ar t ic le  is to  f ind,  b y  d e t e r m i n i n g  
t h e  t h e r m o d y n a m i c  q u a n t i t i e s  for T A A  i nac t i va t i ons ,  
(1) t h e  r e l a t i onsh ip  b e t w e e n  p h o t o c h e m i c a l  a n d  h e a t  
processes,  a n d  (2) to  c lar i fy  t he  m e c h a n i s m  of p r o t e c t i o n  
b y  subs t r a t e .  

The  overa l l  r a t e  c o n s t a n t s  for hea t ,  U V  a n d  vis ib le  
( r ibof lav in  as  a sensi t izer)  i nac t i va t i ons ,  in  t h e  abs ence  
a n d  p resence  of s u b s t r a t e ,  were  d e t e r m i n e d  f r o m  t h e  
in i t i a l  ve loc i ty  of i n a c t i v a t i o n .  T h e  togs of these  va lues  
are p l o t t e d  aga in s t  t h e  rec iproca l  of t h e  abso lu t e  t e m -  
p e r a t u r e  (T) in  t h e  Figure .  T he  p lo t  for  h e a t  i n a c t i v a t i o n  
(curves  1 a n d  2) is e x a c t l y  l inear ,  obey ing  t h e  A r r h e n i u s  
law. Howeve r ,  t h e  cu rves  for  p h o t o - i n a c t i v a t i o n  (curves  
3, 4, 5, a n d  6) are n o t  l inear ,  cons i s t ing  of low a n d  h i g h  
t e m p e r a t u r e  por t ions .  Since h e a t - i n a c t i v a t i o n  is m easu r -  
able  on ly  a b o v e  a b o u t  50 °C, i t  is cons ide red  t h a t  t h e  in-  
ac t iva t io f l  in  t h e  suf f ic ien t ly  low t e m p e r a t u r e  r a n g e  

0.1 

0,05 

7 
0.005 

5 

I ";'"'": ...... 

i.o 3~ 3z 3~ 3.~ 35 
1f r (.lO ~ ~ r e e  -~) 

The plot of rate constants against the reciprocal of absolute tem- 
perature {T), for heat, UV and visible inactivations of taka-amylase 
A. Concentration of TAA, 0.005%; concentration of riboflavin, 
3.3 • 10-5M; pH 5.6 (the pH of the optimum activity); concentration 
of starch, 0.6% ; exciting UV-light, light from a high-pressure mer- 
cury lamp; exciting visible light, light absorbed by 445 nm band of 
riboflavin. The activity was measured at 0°C by the blue value 
method. • ~ in the absence ot starch; o = in the presence of 
starch; 1 and 2 = heat inactivation; 3 and 4 = visible inactivation; 
5 and 6 = UV-inactivation; a, b, c, and d = t h c  extrapolations of 
low temperature portions of 3, 4, 5, and 6, respectively; 3', 4', 5', 

and 6' = 3 -  a, 4--  b, 5 -  c, and 6 -  d, respectively. 

comes  mere ly  f r o m  the  p h o t o c h e m i c a l  process.  Although 
t h e  e x a c t  r e l a t i onsh ip  b e t w e e n  t h e r m a l  a n d  photo" 
chemica l  effects  in  t h e  h i g h - t e m p e r a t u r e  r a n g e  m a y  be 
v e r y  c o m p l i c a t e d  one, t h e  d i f ferences  (curves  3', 4', 5', 
a n d  6") b e t w e e n  t h e  overa t l  r a t e  c o n s t a n t s  (curves  3, 4, 
5, a n d  6) a n d  t he  e x t r a p o l a t i o n s  of t h e  suf f ic ien t ly  low 
t e m p e r a t u r e  po r t i ons  (curves  a, b, c, a n d  d) were fo u"d 
to  be  l inear ,  as seen  in  t h e  Figure .  Therefore ,  the  ob" 
s e r v e d  overa l l  r a t e  c o n s t a n t  (k) c a n  be expres sed  b y  the 
a d d i t i o n  of 2 e x p o n e n t i a l  forms,  t h e  t h e r m a l  a n d  photO" 
chemica l  pa r t s ,  

k --- A1 e -E1/RT + A~ e-E,/RT 

where  A 1 a n d  A~ are  c o n s t a n t s ,  R t h e  gas  c o n s t a n t ,  ~nd 
Ea a n d  E ,  are  the  a c t i v a t i o n  energies  for  h e a t -  a n d  photo" 
i n a c t i v a t i o n s  respec t ive ly .  Howeve r ,  s ince t h e  h e a t  and 
p h o t o c h e m i c a l  processes  are n o t  c o m p l e t e l y  independent  
of  e ach  o the r ,  t h e  f i r s t  t e r m  m a y  inc lude  t h e  ef fec t  of the 
in t e r f e rence  b y  t h e  p h o t o c h e m i c a l  process.  T h e  act ivat io~ 
energies  ca l cu la t ed  f rom cu rves  1 a n d  2, 3', 4', 5', and  6', 
a n d  a, b, c, a n d  d are g iven  in  T a b l e  I. The  spontaneo~S~ 
b r e a k a g e  of t he  - S - S -  l inkage  a n d  t h e  se l f -oxida t ion  o 
a m i n o  acids a re  t h e  m a i n  e v e n t s  for  t h e  U V - i n a c t i v a t i  onL 
F o r  t h i s  reason ,  t h e  a c t i v a t i o n  ene rgy  E~ is zero. The_, 
v is ib le  i n a c t i v a t i o n  ~,~ is caused  b y  t h e  ox ida t i on  o~ 
a m i n o  acids b y  t h e  r eac t ive  O2, w h i c h  m a y  be produce 

~a 

b y  t h e  coup l ing  of O2 u p o n  t h e  exc i t ed  sensi t izer ,  a ~  
hence  E ,  is n o t  zero. T h e  inc rease  of E ,  in  t h e  presence  o 
s u b s t r a t e  seems to  be  due  to  t he  r e s u l t a n t  effects  of the 
increase  of v i scos i ty  a n d  t h e  d e s t r u c t i o n  of t he  reactive 
O 2 b y  subs t r a t e .  

E~ for  U V - i n a c t i v a t i o n  is m u c h  lower  t h a n  t h a t  {of 
h e a t - i n a c t i v a t i o n .  Th i s  sugges t s  a s t r o n g  i n t e r f e r e n c e  be" 
t w e e n  h e a t  a n d  p h o t o c h e m i c a l  processes .  A l m o s t  the 
same  va lues  of E~ in t he  absence  a n d  p resence  of sub" 
s t ra te ,  m e a n  t h a t  t h e  p resence  of s u b s t r a t e  does  n o t  h~ ve 
a n  apprec i ab le  effect  on  t h e  U V - i n a c t i v a t i o n ,  a n d  the 
sc reen ing  of t h e  exc i t ing  l igh t  b y  s u b s t r a t e  m a y  bring 
a b o u t  a n  a p p a r e n t  p ro t ec t i on .  I n  t h e  v is ib le  inactivatioIl ,  
however ,  t h e  smal le r  i n t e r f e rence  b e t w e e n  h e a t  a n d  photo~ 
chemica l  processes  gives  t h e  h i g h e r  va lue  of E1 (ba 

Table I. Activation energies for heat, UV and visible inactivati0~s 
of taka-amyiase A, in the absence and presence of starch 

Inactivation Activation energies (Kcal]M) 

Thermal Photochemical 
process process 
l! a E~ 

lfeat 85.2 - 
91.2 (s) 

Ultraviolet 41.6 0 
41.8 (s) 0 (s) 

Visible 57.0 8.5 
77.6 (s) 12.8 (s) 

J 

(s) = the value in the presence of snbstrate. 
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lower than t h a t  for hea t - inac t iva t ion) .  The  fo rmat ion  of 
~zyrae-substrate complex  m a y  increase the  rigidness of 

e secondary s t ruc ture  of enzyme  pro te in  and m a y  
SUPpress the interference be tween  hea t  and photo-  
Chemical processes. Therefore ,  t h e  presence of subs t ra te  
~akes E1 higher. B y  apply ing  the  t heo ry  of absolute  

aChon rateS,~ to curves  1, 2, 3", 4", 5", and 6', the  hea t  
of activation (dH*),  the  free energy of ac t iva t ion  (AF*) 

i nd the ent ropy of ac t iva t ion  (A S*) were calculated and 
}~glven in Table  I I .  These values  decrease in the  order  

de2r eat, visible and  UV inac t iva t ions ,  depending  on the  
ee of the  in terference be tween  h e a t  and pho to-  

~hera!cal processes. The  i m p o r t a n t  feature  of the  results  
Tillable I I  is the abnorma l ly  high entropies  of ac t iva t ion .  
t ~ is explains the  abnormal ly  high ac t iva t ion  energy for 
ue heat- inact ivat ion.  The  high va lue  of en t ropy  of 

~n ctivati°n suggests t h a t  a p rofound  s t ruc tura l  change is 
~:'~Olved, The  tow va lue  of A S* for the  UV- inac t iva t ion  

uue to a s t rong interference be tween  hea t  and photo-  
~itl:~ ical processes. The  values  of t h e r m o d y n a m i c  quant i -  

o xor the UV- inac t iva t ion  are no t  apprec iab ly  changed 

:2bl:I~r:;];: ~ergies of activat~n (AF*), heats of activation (AH*) 
activation (AS) for thermal processes ot various 

inactivations 

Inactivation °C ~ F* /_1 H * z] S* 
(KcalIM) (Kcal/M) (eal/M) 

}{eat 
55 24.7 84.5 183 

25.9 (s} 90.5 (s) 197 (s) 

IJltravi°let 50 23.7 40.9 53 
23.7 (s) 41.2 (s) 54 (s) 

Visible 
50 24.9 56.4 99 

25.5 (s) 77.0 (s) 160 (s) 

(s) ~ value in the presence of substrate. 
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by  the  presence of subst ra te .  This  means  a lack of sub- 
s t ra te  effect, as s ta ted  above.  The  p ro tec t ive  effect  of 
subs t ra te  is t hough t  to be a t t r i bu t ab l e  to the s tabi l iza t ion 
of the  secondary  s t ruc ture  of enzyme  pro te in  - the  con- 
fo rmat ion  change f rom disorder  to rigid and order  - by  
the  fo rma t ion  of enzyme-subs t r a t e  complex.  Such a 
fo rmat ion  of comp lex  gives rise to the  decrease of en-  
t r o p y  7. This  m a y  expla in  the  increase of AS* by  the  
presence of substra te .  No t  only  pro tec t ion  f rom the  hea t  
process bu t  suppression of the  interference be tween hea t  
and pho tochemica l  processes by  the  fo rmat ion  of enzyme-  
subs t ra te  complex  inhib i t  the  visible inac t iva t ion .  F o r  
this  reason,  t he  difference be tween  AS* in the  absence 
and presence of subs t ra te  is large for the visible inac t iva-  
t ion.  

T A A  forms enzyme-produc t  complex  as well  as enzyme-  
subs t ra te  complex,  so t h a t  the  protec t ions  observed are 
considered to be due to the  combined  effects of subs t ra te  
and its decompos i t ion  products .  

Zusammen/assung. Es werden die B e s t i m m u n g  der  
t he rmodynamischen  QuantitS, ten  fiir die Inak t iv ie rungs-  
reakt ionen,  die "WArme- und  Pho to - Inak t iv i e rungen  der  
Taka -Amylase  A und die Schu tzwi rkung  des Subs t ra t s  
gegen diese Inak t iv i e rungen  diskutier t .  

G. TOMITA 

Institute of Biophysics, Faculty o/Agriculture 
Kyushu University, Fukuoka (Japan), 
september 7, 1966. 

5 H. ERRING, J. chem. Phys. 3, 107 (1935). 
W. F. K. WYNNE-JONES and H. F.VR1NO, J. chem. Phys. 3, 492 
(~935). 
The difference of 14 callM between the entropies for the heat- 
inactivation in the absence and presence of substrate (Table II) 
is considered to be concerned with the entropy change upon the 
tormation of enzyme-substratc complex. 

Direct Aromatization of Clg-Steroid 
Sulphates 1 

hi }n the course of recent  inves t iga t ions  on the  in v i v o  
a~sgenesis of 7e-3H-dehydroepiandros terone  (DHEA)  
wi',~SUlphatide and its metabol ism,  es t rogen sulphat ides  
l)e~ a the  original aH/a~S ra t io  could be demons t r a t ed  in 

lPheral 1 2 " ' ' t r a - -  p a s m a .  On theore tmal  grounds this d~rect 
~USlormat ion  of neut ra l  Ct ,-s teroid sulphat ide  into 
~y;nOlic Cls_steroi d su tpha t ide  should involve  the  de- 
~li- r°geaat ion of D H E A  sulphat ide  to the  corresponding 
ate~o! sulphat ide  of androst-4-ene-3,17-dione (andro- 
~r:,*~e~i°ne) as the  first  s tep in the  react ion sequence.  In  
~iu:: to Substant ia te  such an hypothesis ,  the  convers ion 

Yathetic andr~ " sul ha te  into estro ens has ueea . . . . .  s tenedmne p g , 
• a t t empted  under  i n  v i t ro  condit ions.  

par ] h e  3,5-dienol su lphate  of andros tenedione  was pre-  
its ~ by rout ine  me thods  3, using chlorosulphonic  acid or  
th e ~ ethyl ester  in absolute  pyridine.  The sodium salt  of 
l~hy~Uolpha.conjugate, purif ied by  thin  layer  ch romatogra -  

n silica gel G in ch lo ro fo rm-methano l -ammonia  

(20:5 :0 .2  V/V) ( R f =  0.20), on DEAE-ce l lu lose  in iso- 
p ropano l -wate r - fo rmic  acid (65:33:2  v/v)  (Rf =~ 0.21) 
and pape r  c h r o m a t o g r a p h y  on W h a t m a n  DE-20  in 1 .0M 
ace ta te  buffer  of p H  4.74 (Rf = 0.36), had  a mel t ing  po in t  
of  194-200°C (uncorr.).  The  UV-spec t rum in me thano l  
exh ib i t ed  an  absorp t ion  m a x i m u m  a t  238 nm, the  I R -  
spec t rum s t rong absorp t ion  bands near  1742 cm -1 (17- 
ke to  group), 1638 cm -1 (3, 5-dienol ester group), 1245 cm -1 
and 1048 cm -1 (assymetr ic  and symmet r i c  S -O  vibrat ion) ,  
while the  charac ter i s t ic  absorp t ion  band of A4-3-keto- 
steroids near  1618 cm -1 had disappeared.  

W h e n  1.95 ~tg (5 nmMol)  of 7~-~H-androstenedione ~bS- 
su lpha te -Na  wi th  310,000 d p m  ~H and 161,000 d p m  adS 

t This investigation was carried out with the support of the 
Deutschen Forschungsgemeinschaft, Bad Godesberg. 
G. W. OERTEL, P. KNAeSTEI~, and L. TREIBER, Hoppe-Seyler's Z. 
physiol. Chem., in press (1966). 
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4 G. V¢. OERTRL and E. KAISER, Bioehem. Z. 336, 10 (1962). 


