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Inhibition of Riboflavin-Sensitized Photoinacti- 
ration of Taka-Amylase A by Some Inhibitors 

Taka -amylase  A (TAA) is eas i ly  i n a c t i v a t e d  1,~ b y  t h e  

7~ ible l igh t  in  t h e  p re sence  of a sens i t izer ,  r i b o f l a v i n  z 
t F). The  i n a c t i v a t i o n  is m a i n l y  d e r i v e d  f r o m  t h e  ox ida -  
t ion of a m i n o  acids in  T A A  b y  t h e  p h o t o s e n s i t i z i n g  a c t i o n  
of RF.  As desc r ibed  in  a p r ev ious  ar t ic le  z, t h e  a m i n o  
acids in  T A A  are  cons idered  to  be  ox id ized  b y  t h e  r eac t i ve  
OXYgen in t he  f i r s t  exc i t ed  s ing le t  s t a t e  w h i c h  m a y  be  
Produced u p o n  d i s soc ia t ion  of t h e  c o m p l e x  of o x y g e n  in  
the  g round  t r i p l e t  s t a t e  w i t h  R F  in  t h e  m e t a s t a b l e  t r i p l e t  
state.  

The  add i t i on  of some s u b s t a n c e s  to  T A A  so lu t ion  con-  
ta in ing R F  s t rong ly  i n h i b i t s  t he  p h o t o i n a c t i v a t i o n .  P a r a -  
magnet ic  ion, h i g h  Z a t o m  ion 2, p - p h e n y l e n e d i a m i n e  
hydroch lor ide  ( P P D )  a n d  t r )~p tophan  (Tr) were  f o u n d  to  
ib:hst~r°ngly e f fec t ive  as i nh ib i to r s .  T h e  p resence  of t he se  

mOltors does  n o t  a f fec t  t h e  a c t i v i t y  of  T A A  in  t h e  da rk .  
In  the  p r e sen t  ar t ic le ,  t he  i n h i b i t i o n  of R F - 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  of T A A  b y  the se  i n h i b i t o r s  is dea l t  
With as regards  t h e i r  i n h i b i t i o n  m e c h a n i s m s .  I n  our  reac-  
t ion sys tem,  t h e  m a i n  poss ib le  m e c h a n i s m s  of i n h i b i t i o n  
are cons idered  to  b e  t h e  q u e n c h i n g  of t h e  f i r s t  exc i t ed  
Singtet s t a t e  of r i b o f l a v i n  ( R F  a) or  t h e  m e t a s t a b l e  t r i p l e t  
~tate (RFb)  to  t h e  g r o u n d  s t a t e  (RF)  b y  t h e  i n h i b i t o r  a n d  
~: e. compe t i t i on  of t h e  i n h i b i t o r  w i t h  T A A  in  t h e  oxi-  

a t lon  process  b y  t h e  r e a c t i v e  oxygen .  
The  ra t io  of t h e  in i t i a l  ve loc i t y  of p h o t o i n a c t i v a t i o n  

(lR0) in  t h e  absence  of i n h i b i t o r  to  t h a t  o f  (R) in  t h e  
presence of i n h i b i t o r  was  m e a s u r e d  as  a f u n c t i o n  of t h e  
~nhibitor c o n c e n t r a t i o n  (C). T he  re su l t s  are  s h o w n  in  t h e  
~'igure. The  r e l a t i on  b e t w e e n  R o / R  a n d  C is l inea r  ove r  
the  c o n c e n t r a t i o n  r a n g e  s t u d i e d  a n d  can  be  expressed  b y  
the  fol lowing S t e r n - V o l m e r - t y p e  e q u a t i o n  : R o / R  = 1 + kC, 
Where k is a ' q u e n c h i n g  c o n s t a n t '  for  t h e  p h o t o i n a c t i v a -  
l ion  and  is equa l  to  t h e  rec iproca l  of t h e  h a l f - v a l u e  
Concentra t ion (Ca(I)) for t h e  i n h i b i t i o n  of p h o t o i n a c t i v a -  ~ on. The  C~(I) va lues  d e t e r m i n e d  f rom t he  c u r v e s  in  t h e  

lgure for e ach  i n h i b i t o r  are  l i s t ed  in  t h e  Table .  T h e  
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De.Peadence of initial velocity of photoinaetivation on concentration 
~ Inhibitor. Concentration of TAA, 0.005%; concentration of RF, 
1' ~" I0-SM; pH 5.6 (acetate buffer) ; illuminated at 20 °C; exciting 
tgnt, light absorbed by 445 fire-band of RF; R 0 and R, initial 

c:ities of photoinaetivation in the absence and presence of in- 
or, respectively. Activity was measured at 40 °C by the blue 

Uemethod - ' " " T as in " ' ' . Curve 1, PPD as mhzbttor; curve 2, r hzbztor, 
CUrve 3, KI as inhibitor; curve 4, CoCI$ as inhibitor. 
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orde r  of e f fec t iveness  of i n h i b i t o r s  is P P D  > T r > I -  
> Co-H-. 

T h e  q u e n c h i n g  of R F  f luorescence  b y  these  i n h i b i t o r s  
also obeys  t he  S t e r n - V o l m e r  law. T h e  o b t a i n e d  ha l f -va lue  
c o n c e n t r a t i o n  (Ch(F)) for  t h e  f luorescence  q u e n c h i n g  b y  
i n h i b i t o r s  is g i v e n  in  t h e  Table .  T h e  la rge  r a t i o  of  Ch(F ) 
to  Ch(I ) shows  t h a t  t h e  q u e n c h i n g  of  R F "  ( l i fe t ime 4 
= 10 -s sec) is n o t  t h e  p r i m a r y  s t ep  in t h e  i n h i b i t i o n  m e c h -  
a n i s m  a n d  t h e  q u e n c h i n g  of R F  b m a y  be  r e spons ib l e  for  
t he  i nh ib i t i on .  I f  t h e  q u e n c h i n g  of R F  b is a s s u m e d  to  be  
t h e  p r i m a r y  s t ep  in  t h e  i n h i b i t i o n  m e c h a n i s m ,  t h e  life- 
t i m e  of R F  b is r o u g h l y  e s t i m a t e d  to  be  of t h e  r e a s o n a b l e  
o rde r  of 10 -" ~-- 10 -4 sec, s ince  t h e  e n c o u n t e r  f r e q u e n c y  
for  w a t e r  a t  r o o m  t e m p e r a t u r e  is of t h e  o rde r  of 101°M -1 
sec -1 a n d  Ch(I ) is of t he  o r d e r  of 10 -4 ~-~ 1 0 - s M ,  T h e  
t r i p l e t  species h a s  a r e l a t i v e l y  long  l i fe t ime,  a n d  hence  t h e  
poss ib i l i ty  of col l id ing w i t h  t h e  i n h i b i t o r  in  a v e r y  low 
c o n c e n t r a t i o n .  

Howeve r ,  t h e  q u e n c h i n g  m e c h a n i s m  of R F  b is n o t  
necessa r i ly  t h e  s a m e  for  d i f f e ren t  i nh ib i to r s .  P a r a m a g -  
ne t i c  ions  a re  k n o w n  as ef f ic ient  t r i p l e t  quenche r s ,  T h e  
presence  of Co++ gives r ise to  t h e  e n h a n c e m e n t  ~ of t h e  
r ad i a t ion le s s  t r a n s i t i o n  p r o b a b i l i t y  f rom I~F b to  :RF ( the  
b reakdo~na  of t h e  s p i n - c o n s e r v a t i o n  rule)  as t h e  r e su l t  of 
t h e  s p i n - o r b i t a l  coup l ing  s due  to  , the  p a r a m a g n e t i c  per-  
t u r b a t i o n  7.s of Co++, l ead ing  to  t h e  s h o r t e n i n g  of t h e  life- 
t i m e  of R F  b. Th i s  k ind  of i n h i b i t i o n  can  also be  obse rved  
b y  t h e  p resence  of t h e  o t h e r  p a r a m a g n e t i c  ions  such  as 
N i  ++, M n  ++ etc. ,  b u t  n o t  b y  t h e  p resence  of t h e  d i a m a g -  
ne t i c  ones  such  as  K +, N a  + etc.  A c h a r g e  t r a n s f e r  f r o m  
Co++ to  R F  b m a y  also be  a poss ib le  m e c h a n i s m  of 
q u e n c h i n g  of R F  b, b u t  t he  degree  of c o n t r i b u t i o n  of t h i s  

Half-value concentrations for the quenching of riboflavin fluores- 
cence ~ and for the inhibition of photoinactivationb of taka-amytase A 

Inhibitor Half-value concentration Ch(F)/Ch(I) 

Fluorescence Inhibition of 
quenching photoinactivation 
Oh(F) Ch(I) 
(M) (M) 

Co ++ 5 .10 -2 3 .10 -4 1.7.10 s 
I-  3 • 10 -2 2.5 • 10 -s 1.2. l0 g 
PPD 2.5 • 10 -9 4 • 10 -6 6.3 • 10 z 
T r 7 "10 -3 1 "10 -5 7 "10 ~ 

a Band maximum, 534 nm; measured at 20°C. b Exciting light, light 
absorbed by 445 nm-band of RF; illuminated at 20 *C. Concentration 
of TAA, 0.005%; concentration of RF, 3.3.10-~M; pH 5.6 (acetate 
buffer). Activity was measured at 40 °C by the blue value method. 
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mechanism to the inhibition remains for future investiga- 
tion. 

In  the presence of ions of large atomic number such as 
I - ,  the  coUisional perturbat ion effect of spin-orbital 
coupling in the z-electron orbitals of R F  by I -  favours 
intersystem crossing 5 in the excited R F  (high Z atom 
effect~,~). The resulting shortening of the lifetime of 
R F  b explains the inhibition. Furthermore,  I -  has a 
donor activity,  and a charge transfer from I -  to R F  
produces the R F -  radical l° which is non-fluorescent and 
non-phosphorescent. This kind of charge transfer may  
reduce the production of R F  b by diminishing the overall 
quantum yield of photoinactivation. 

PPD is a strong quencher of R F  b and is photo-oxidized 
in the presence of O 2. The possible mechanism of de- 
activation of E F  b may be a charge transfer from PPD to 
RF b. 

Another type of inhibition mechanism can be seen in 
the inhibition reaction by T r. T r has a considerable 
ability to form a charge-transfer complex n ( R F -  • Tr+ ) 
(non-fluorescent and non-phosphorescent) with R F  in 
the ground state. The overall  quantum yield of produc- 
tion of R F  b is reduced by the formation of this complex 
to some extent.  T r is easily oxidized by the photosenSi- 
t ization of RF. Since we have no evidence that  R F  b is 
selectively quenched by T r, it may be natural  to consider 
tha t  a preferential destruction of the reactive oxygen is 
the main mechanism of inhibition. 

The inhibition mechanisms mentioned above are con- 
sidered to be t y p i c a l  &t low inhibitor concentration, only 
one of the factors ~ is sensitive and R0/R-C relation is 
linear. However,  a t  high inhibitor concentration, several 
factors may  be mixed up; deviations from the linear 
relation between Ro/R and C may  then occur. Further  
details will be described in a future paper. 

Zusammenfassung. Durch Gegenwart yon Co ++ oder J -  
oder Tryptophan oder p-Phenylendiamin wird die dutch 
Riboflavin sensibilisierte Photoinaktivierung der Taka- 
Amylase A stark gehemmt. Die mdglichen Mechanismen 
der Hemmungswirkung dieser Inhibitoren werden disku- 
tiert. 
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Effects  of  H i s t o n e s  o n  E m b r y o n i c  Cel ls  

Since histones are int imately associated with the 
genetic material, DNA, they are suspect as regulators of 
gene act ivi ty  1-4. Assuming tha t  foreign histones might 
reach the nucleus of a cell exposed to a historic solution 
one might  be able to demonstrate specific effects on gene 
loci or the gene activating mechanism. Such effects have 
been proposed for treated embryonic organs ~,6 and for 
whole embryos when treated with preparations containing 
histones at various concentrations 7-s 

We were prompted, therefore, to examine the effects 
of histories on organ cultures of chick embryonic skin, 
and its ectodermal organ derivative, the down feather. 
2 histone preparations were used': whole calf thymus 
historic (CTH) and a diazotized sample of the same 
(DCTH). Unfractionated calf thymus histone was pre- 
pared from the ethanol~washed deoxyribonucleohistone 
by extraction with 0.2N HC1 l°. A sample of this historic 
was diazotized and coupled with sulfanilic acid n in order 
to diminish its positive charge. If  CTH is added to an ex- 
t ract  medium a precipitate is immediately formed. There- 
fore, 7-day-old chick embryo back skin was dissected into 
bilateral halves, each 2 mm ~, roiled inward so tha t  the 
mesenchyme portion was on the outside, and incubated 
for periods up to 1 h in Tyrode solution in a shaking 
water bath. To 1/2 of each bilateral pair CTH was added 
to the incubation medium in concentrations ranging from 
10 #g/cm s to 5 mg]cm 8. After the incubation, the skin 
pairs were cultured on stainless steel rafts in Falcon cul- 
ture dishes on an embryo extract  (20%)-Tyrode solution 
medium for periods of up to 6 days, Most of the %issues 
exposed to the highest CTH concentration of 5 mg/cm'  
became necrotic (Figure 1). Those tissues exposed to a 

Fig. 1. Chick embryo skin grown in organ culture for 3 days after 
incubation in 5 mg/ml CTH for 1 h. 

1 E. STEDMAN and E. STEDMAN, Phil. Trans. R. Soc. B 235, 565 
(195]). 

2 R. C. HUANG and J. BONNER, Proc. natn Acad. Sci. U.S.A. dS, 
1216 (1962). 

s V. G, ALLFREY, V. C. LITTAU, and A. E. MIRSKY, Proc. natn. Aead. 
Sei. U.S.A. dg, 414 (1963). 

4 G. C. BARI~ end A. V. BUTLER, Nature ?99, 1170 (1963). 
B. C. GOODWIN and I. W. SIZER, Science 748, 242 (1965). 

s D. PECK, J. Ceil Biol. 19, 55A (1963). 
7 D. L. KIMMEL JR., J. expl. ZooL 757, 361 (]965). 
s j. BRACHET, Nature 204, 1218 (1964). 
g M. MOLINARO and T. CUSIMANO-CAROLLO, Experientia 22, 246 
(1960). 

10 L. S. HNILICA, Biochim. hiophys. Aeta 177, 163 (1960). 
n K. LANDSTEINER and H. LAMPL, Z. Physiol. Chem. 86, 343 (1918). 


