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Inves t iga t ion  of the  Q u a n t u m  Yield of the D y e - S e n s i t i z e d  Photo inac t iva t ion  of Ribonuc lease  

Q u a n t u m  yields for the  p h o t o d y n a m i c  inac t iva t ion  of 
t ryps in  as a func t ion  of several  kinetic  var iables  have  
been repor ted  earlier ~. The presen t  paper  descr ibes  t he  
p re l iminary  resul ts  of a s imilar  s tudy  using bovine pan-  
creat ic  r ibonuclease A. Al though  the  p h o t o d y n a m i c  
inac t iva t ion  of r ibonuclease has been s tudied  ra the r  ex- 
tens ively  2-s, no q u a n t u m  yield da t a  for the  process  have  
been  publ ished.  

Materials and methods. Three  dyes were  used as 
sengitizers: me thy lene  blue (MEB), eosin Y (EOY), and  
f lavin mononuc leo t ide  (FMN). 2 ml of a reac t ion  mix tu re  
conta in ing  r ibonuclease,  p h o s p h a t e  buffer, and sensi t iz ing 
dye, were i l lumina ted  in a t empera tu re -con t ro l l ed  
plexiglas cell by  a 500-watt  slide pro jec tor  p rov ided  wi th  
Baird-Atonl ic  mul t i - laver  in terference f i l ters:  6750 
wi th  MEB, 5170 ~t w i th 'EOY,  and  4370 2~ wi th  FMN. The 
opt ical  densi t ies  of t he  reac t ion  mix tures  a t  the  wave-  
lengths  of i r rad ia t ion  were 1.3 for MEB, 1.9 for EOY, and  
3.0 for FMN, as measured  wi th  a Cary Model 14 spect ro-  
p h o t o m e t e r  using a silica cell wi th  a i cm p a t h  length.  The 
l ight  energy absorbed  by  the  sys tem was measured  wi th  
a thermopi le- In i l l imicrovol tmeter  combina t ion  ca l ibra ted  
wi th  a s t anda rd  lamp.  The l ight  in tens i ty  was ad jus ted  to  
del iver  equal  p h o t o n  fluxes a t  the  3 wave leng ths  used. 
S t anda rd  react ion condi t ions  of 36.6 p.M ribonuclease,  
0 .125M phospha t e  buffer  a t  p H  8, 3 • 10-~M M E B  and  
EOY, 3 • 10 ~M FMN, 15 ~ 8.34 • 10 ~ photons/cm~-sec,  
carr ied out  in air  wi th  stirring, were used excep t  as no ted  
below. Ribonuclease  ac t iv i ty  was assayed af ter  0, 5, 10, 
15, and 20 min  of i l luminat ion  using cyt idine-2 ' ,  3'-cyclic 
phospha t e  as subs t ra te .  The inac t iva t ion  process  followed 
f i rs t -order  kinetics.  Control  expe r imen t s  were:  (1) i rradia-  
t ion of the  react ion mix tu re  minus  the  dye, and (2) main-  
ta in ing  the  react ion mix ture  conta in ing  the  dye  in the  
dark  for the  appropr i a t e  length  of t ime. Q u a n t u m  yields, 
def ined as the  n u m b e r  of r ibonuclease molecules inacti-  
v a t e d  per  num ber  of pho tons  absorbed by  the  dye, were 
calculated as before ~ f rom the  initial ra te  of loss of 
enzymic  ac t iv i ty  divided by  the  initial ra te  of absorp t ion  
of pho tons  by  the  system.  

Results and disc2*ssion. No inac t iva t ion  of the  enzyme  
was observed in e i ther  the  l ight  or the  dark  contro l  
exper iments .  

The q u a n t u m  yield was i n d e p e n d e n t  of l ight  in t ens i ty  
over  the  range 4.17 • 10 ~5 to  11.3 • 101~ photons/cm~-sec 
wi th  all 3 dyes  used as sensitizers.  Similarly,  the  con- 
cen t ra t ion  of phospha t e  buffer  did no t  ma rk ed l y  affect  
the  q u a n t u m  yield over  t he  range 0 .0625M to  0.250M. 
In  cont ras t ,  as the  concen t ra t ion  of r ibonuclease  was  
increased f rom 18.3 to  73.2 pM, t he  q u a n t u m  yields near ly  
t r ip led  wi th  all 3 dyes. 

Q u a n t m n  yields of inac t iva t ion  of r ibonuclease  as a 
func t ion  of various o the r  reac t ion  condi t ions  are shown in 
Figures  1-4. As can be seen in Figure  1, M E B  and  E O Y  
were mos t  eff icient  as sensi t izers  a t  a concen t ra t ion  of 
3 • 10 SM, whereas  FMN sensi t ized mos t  eff ic ient ly a t  
10 t imes  th is  concent ra t ion .  As is typ ica l  in these  invest i -  
gat ions  the  EOY-  and FMN-sens i t ized  sys tems  had  
q u a n t u m  yields of near ly  the  same magni tude ,  while the  
values for the  MEB-sens i t ized  sys t em were  lower. YVith 
all 3 dyes  used as sensitizers,  the  q u a n t u m  yield increased 
rap id ly  wi th  increasing oxygen  concent ra t ion ,  t h e n  
leveled off above 10-15yo oxygen,  as shown in Figure  2. 

W i t h  increasing pH,  the  q u a n t u m  yields wi th  all 3 
dyes  remained  qui te  low unti l  p H  6, and increased sha rp ly  
f rom p H  6 to 8. Above p H  8 the  q u a n t u m  yields increased 
wi th  M E B  or E O Y  as sensitizers,  bu t  decreased for t he  
FMN-sens i t ized  sys tem.  The p H - d e p e n d e n c e  of t he  
q u a n t u m  yield indica tes  t h a t  the  inac t iva t ion  of ribo- 
nuclease migh t  be due pr imar i ly  to  a des t ruc t ion  of 
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Fig. 1. Effect of dye concentration on the quantum yield of the 
photodynamic inactivation of ribonuelease A. Standard reaction 
conditions, except dye concentration, as described in the text were 
used. The sensitizing dyes used were methylene blue (MEB), eosin Y 
EOY) and ftavin mononucleotide (FMN). 
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Fig. 2. Effects of oxygen concentration on the quantum yield of the 
photodynamie inactivation of ribonuelease A. Standard reaction con- 
ditions, except oxygen concentration, were used. Mixtures of various 
percentages of oxygen in nitrogen were bubbled through the reaction 
mixture during illumination. 
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h i s t idy l  residues,  for the  p h o t o d y n a m i c  des t ruc t i on  of 
h i s t id ine  shows a v e r y  s imi la r  p H - d e p e n d e n c e  9-~~ 

The  q u a n t u m  yield va lues  increased g radua l ly  w i t h  
increas ing  t e m p e r a t u r e  un t i l  a p p r o x i m a t e l y  50 ~ above  
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Fig. 3. Effect of pH on the quantum yield of the photodynamic 
inactivation of ribonuclease A. Standard reaction conditions, 
except pH, were used. 
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Fig. 4. Effect of temperature oil the quantum yield of photodynanfic 
inactivation of ribonuclease A. Standard reaction conditions, except 
temperature, were used. 

wh ich  t he  va lues  increased  m a r k e d l y  w i t h  all 3 sens i t iz ing 
dyes, as shown  in F igu re  4. This  increase  in yield pro- 
b a b l y  resu l t s  f rom the  t h e r m a l  un fo ld ing  of r i bonu-  
c l e a s e n  wh ich  p r e s u m a b l y  exposes more  residues suscep- 
t ib le  to  p h o t o d y n a m i c  ox ida t ion .  A t  t e m p e r a t u r e s  g rea te r  
t h a n  65 ~ t h e  i n a c t i v a t i o n  of t h e  e n z y m e  in t he  dark ,  
p r e s u m a b l y  due  to t h e r m a l  d e n a t u r a t i o n ,  b e c a m e  
apprec iable .  There fore  q u a n t u m  yield va lues  could no t  be  
d e t e r m i n e d  accu ra t e ly  a t  these  h igher  t e m p e r a t u r e s .  

Ar rhen ius  p lo t s  of these  d a t a  y ie lded a p p r o x i m a t e  
energies of a c t i v a t i o n  of 9.3, 9.1, and  3.9 kca l /mole  for  t he  
MEB- ,  EOY- ,  a n d  FMN-sens i t i zed  sys tems,  respect ively ,  
for t e m p e r a t u r e s  below 50 ~ A b o v e  50 ~ t he  cor respond-  
ing va lues  were  15.0, 14.7, a n d  15.3 kcal /mole .  

I n  general ,  for all t h e  cond i t ions  s tudied,  the  M E B -  
sensi t ized s y s t e m  re sponded  in m u c h  t he  same  way  as t he  
EOY-sens i t i zed  sys tem,  a l t h o u g h  t he  m a g n i t u d e  of t he  
q u a n t u m  yield values  was  less w i t h  MEB.  The  FMN-  
sens i t ized  sys tem,  however ,  b e h a v e d  in a s o m e w h a t  dif- 
f e ren t  m a n n e r  in  response  to t h e  r eac t ion  cond i t ions  
examined ,  i n d i c a t i n g  t h a t  p e r h a p s  F M N  sensi t izes t he  
i n a c t i v a t i o n  b y  way  of a d i f fe ren t  m e c h a n i s m  f rom t h a t  
of t he  o the r  two  dyes12. 

Rdsumd. L'ef f icac i t6  q u a n t i q u e  de la p h o t o o x y d a t i o n  
de la r ibonuc l6ase  A sensibil is6e p a r  le bleu me thy lene ,  
l '6osine Y e t  p a r  F M N  a 6t6 6tudi6 sous p lus ieurs  condi-  
t ions  de r6act ion.  On a var i6  le pH,  la t e m p @ a t u r e ,  l ' in-  
t ens i t6  de la lumi~re  et  les c o n c e n t r a t i o n s  de la  r ibo-  
nucl6ase, du  t a m p o n  p h o s p h a t e ,  de l 'oxyg~ne  e t  des 
colorants .  
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P r o t o p o r p h y r i n e s  Erythropoi~t iques  et Gris6ofulvine 

L ' a c t i o n  de la gr is6ofulvine  sur  le m 6 t a b o l i s m e  des 
p r o t o p o r p h y r i n e s  a @6 6tudi6e au  cours  de ces derni~res  
ann6es.  Admin i s t r6e  chez le r a t  & la dose journal iSre  de 
2 & 4 g elle p r o v o q u e  u n  t a b l e a u  b io logique  de p o r p h y r i e  

la fois h @ a t i q u e  et  6 ry th ropo i6 t ique :  61iminat ion 
u r ina i re  i m p o r t a n t e  d ' ac ide  d e l t a a m i n o l e v u l i n i q u e  e t  de 
porphobi l inog~ne ,  excr6 t ion  f6cale mass ive  de p ro to  e t  co- 
p r o p o r p h y r i n e s  6 r y t h r o c y t a i r e s  (DE MATTEIS et  RIMING- 
TON 1). Chez l ' h o m m e  a t t e i n t  de p o r p h y r i e  aigu~ la gris6o- 
fu lv ine  p e u t  6tre responsab le  d ' u n e  pouss6e s6vSre, par -  
lois mor te l le  (EALES 2, REDEC~:ERa). Chez le su je t  no rmal ,  
Fac t ion  de la gr is6ofulvine  a 6t6 6tudi6e p a r  RIMINGTON*, 
WATSON 5 et  ZIPRI<OWSt(I 6, plus  pa r t i cu l i ~ r em en t  sur  les 
p o r p h y r i n e s  f6cales. 

Nous  avons  6 tudi6  les p r o t o p o r p h y r i n e s  6ry thropoi6-  
t iques  (PPE)  chez 14 m a l ades  t ra i t6s  p o u r  des t r icho-  
p h y t i e s  p a r  la gr is6ofulvine  & la dose journa l i@e  de 1 & 
1,5 g, depuis  2 mois  au  m a x i m u m .  L'&ge de ces 14 

malades ,  12 h o m m e s  et 2 femmes,  s ' 6che lonna i t  de 15 
69 ans.  

Le dosage des p r o t o p o r p h y r i n e s  6 ry th ropo i6 t iques  a 
6t6 effectu6 selon la m 6 t k o d e  de W r a n n e .  Apr~s pr6cip i ta-  
t ion  pa r  u n  m61ange, ac6 ta te  d ' 6 thy le  - acide ac6tique,  
puis  e x t r a c t i o n s  successives p a r  l ' ac ide  c h l o r h y d r i q u e  5 N, 
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