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hydrochlor ide  of (I); the  dissociates 2 and the  spec t rum 
of the  free base is obta ined  showing the  molecular  ion at  
m/e  195. 

The  hydrochlor ide  of (I) is opt ical ly  inac t ive  in the  
range 700-300 n m  and shows no-select ive electronic 
absorpt ion  down to 220 nm;  compar ison of its N M R -  
spectra  in deuter0chloroform and deu te r ium oxide 
solutions indicates  3 ac t ive  hydrogens  for the  free base. 
The  NMR-spec t r a  also show 2 e thylenic  hydrogens  and 
2 moles of hydrogen  are  consumed upon ca ta ly t ic  
hydrogena t ion  (Pd/C). 

The  hydrogena ted  p roduc t  (II) was character ized as the  
picra te  (mp 164-165~ which gave ana ly t ica l  da t a  
consis tent  wi th  the  formula  CnH~sN 3 for the  free base. 
This was fur ther  suppor ted  by  the  mass spec t rum of the  
hydrochlor ide  prepared  f rom the  picra te  using Dowex-2 
chloride resin; the  molecular  ion corresponding to the  
base appears  a t  m/e  199. 

/NH2 
HN=C ~ 

~N(CHi--CH=CM%) 2 
(I) 

Analysis  of the  NMR-spec t r a  of  the  hydrochlor ide  of 
p te rogynine  established the  posit ions of the  ethylenic  
linkages. The  spec t rum in deuterochloroform shows 2 
peaks a t  6 1.67 and 1.75 (12 H}, a double t  a t  3.95 (4 H), 
a t r ip le t  a t  5.15 (2 H) and a broad signal at  7.23 p p m  
(4 H ;  absent  in D20 solution). These da t a  are in agree- 
men t  wi th  the  presence of 2 y ,y -d imethy la l ly l  substi-  
tuents,  and therefore  p te rogynine  possesses s t ructure  (I). 

Zusammen/assung. E i n  neues Alkaloid,  P terogynin ,  
wurde  aus der Rinde  yon  Pterogyne nitens Tul. (Legu- 
minosae) isoliert  und seine S t ruk tu r  bes t immt .  Es  
hande l t  sich um das N,N-Di( isopenten-2-yl) -guanidin .  
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Tetrahydro-pterogynine (II) hydrochlor ide  exhibi ts  
colour  react ions  3 and infrared bands ~ (at 1665 and 
1615 cm -1 in KBr)  suggest ing t h a t  i t  is a N,N-disubs t i -  
tu ted  guanidine.  Hydrolys is  wi th  bar i te  gives diiso- 
a m y l a m i n e  (isolated as picrate,  mp  and mixed  mp  94 
to 95.5~ demons t ra t ing  tha t  (II) is N ,N-d i i soamyl -  
guanidine.  
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The Effect of Oxygen Concentration on the Quantum Yields of the Dye-Sensitized Photoinactivation 
of Trypsin, a-Chymotrypsin and Lysozyme 

Most enzymes  are inac t iva ted  when i l luminated  in the  
presence of photosensi t iz ing dyes and molecular  oxygen;  
oxygen  is consumed dur ing the  process. This  pheno-  
menon  is t e rmed  ' pho todynamic '  inac t iva t ion  1. Al though  
the  effects of most  react ion var iables  on the  ra te  of the  
pho todynamic  inac t iva t ion  of enzymes  have  been s tudied 
in some detail ,  only  a few cursory reports  have  appeared 
concerning the  effects of oxygen  concent ra t ion  ~-5. I n  
general  i t  was found t h a t  ra tes  of pho todynamic  reactions 
increased when  the  oxygen  concentration" was raised 
f rom 0-20% ; fur ther  increase in concent ra t ion  had l i t t le  
effect. The  present  paper  is concerned wi th  the  effects of 
oxygen  concent ra t ion  on the  q u a n t u m  yields for the  
pho todynamic  inac t iva t ion  of several  enzymes  as 
sensit ized by  a va r i e ty  of dyes. 

Reac t ion  sys tems were 42 ~IM in t rypsin,  or 40 ~M 
in ~-chymotrypsin ,  or 40 ~M in egg whi te  lysozyme,  in 
0 .125M sodium phospha te  buffer  at  p H  8. The  dye 
concent ra t ions  were 12.5 [zM for me thy lene  blue and 
eosin Y and 150 [zM for r ibof lav in-5 ' -phosphate  (FMN). 
1 ml  quant i t i es  of the  reac t ion  mix tures  were i l luminated  
a t  15~ by  a 500 w a t t  slide pro jec tor  equipped wi th  a 
Ba i rd -Atomic  mul t i l ayer  interference f i l ter  (6650 
for me thy lene  blue, 5170 ~ for eosin Y) or by  a 1000 w a t t  
G.E.  A-H6  high pressure mercu ry  arc l amp prov ided  
wi th  a s imilar  f i l ter  (4370 A for FMN).  The  l ight  energy 
absorbed was measured  wi th  a v a c u u m  thermocouple-  
ga lvanome te r  combina t ion  cal ibra ted wi th  s tandard  
lamps 6. 

A t  in tervals  dur ing i l luminat ion,  samples were re- 
moved  and assayed spec t rophotomet r ica l ly  for remaining  

enzymic  ac t iv i ty ;  inac t iva t ion  was essential ly first  order  
wi th  respect  to dura t ion  of i l luminat ion.  Substances  used 
were benzoyl-L-arginine  e thyl  ester for t rypsin,  acetyl-  
tyros ine  e thyl  ester for a-chymotrypsin ,  a n d  lyophil ized 
Micrococcus lysodeikticus for lysozyme.  Appropr ia te  
l ight  and dark  controls  were run. The  oxygen  concentra-  
t ion  dur ing an exper iment  was control led b y  bubbl ing  gas 
mix tures  (nitrogen; 1%, 2.5%, 5%, 10%, 20%, and 40% 
oxygen  in n i t rogen;  and 100% oxygen) th rough  the  
react ion mixture .  The  q u a n t u m  yield for the  photo-  
dynamic  inac t iva t ion  of an enzyme was defined as the  
ini t ial  ra te  o f  loss of enzyme ac t iv i ty  d iv ided by  the  ini t ial  
ra te  of absorpt ion of pho tons  by  the  react ion sys tem G. 

Resul ts  for t ryps in  are shown in F igure  1. The  q u a n t u m  
yields increased wi th  increasing oxygen  concent ra t ion  up 
to approx ima te ly  20% ; above  this there  was l i t t le  fur ther  
increase in yield. The  dependence  was essential ly the  
same wi th  all 3 dyes a l though the  absolute  va lues  were 
lowest  wi th  me thy lene  blue, in te rmedia te  w i th  eosin Y, 
and highest  wi th  FMN. The  ~-chymotryps in  results 
(Figure 2) were general ly  similar, although the  q u a n t u m  
yields wi th  a given sensitizer were about  twice those for 
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t ryps in .  D a t a  for l y sozyme  are  s h o w n  in F igure  3. I n  
s h a r p  c o n t r a s t  to  t h e  resu l t s  w i t h  t r y p s i n  a n d  e -chym0-  
t ryps in ,  the  q u a n t u m  yie ld  w i t h  F M N  rises v e r y  sharply ,  
appea r s  to  r each  a m a x i m u m  a t  less t h a n  1% oxygen,  a n d  
t h e n  decreases  a t  h i g h e r  c o n c e n t r a t i o n s  of oxygen .  

Our  results ,  excep t  for t h e  F M N - l y s o z y m e  sys tem,  are  
genera l ly  s imi la r  to  m o s t  of those  r epo r t ed  ear l ier  2-~. 
N o t  enough  i n f o r m a t i o n  is ava i l ab le  on  t he  p r i m a r y  
m e c h a n i s m s  i nvo lved  in  t h e  p h o t o d y n a m i c  i n a c t i v a t i o n  
of enzymes  to  p e r m i t  m u c h  specu la t ion  on  t h e  m e c h a n i s m s  
d e t e r m i n i n g  t he  shapes  of our  curves.  T he  p h o t o o x y g e n a -  
t i on  o f  mos t  organic  molecules  ( subs t ra tes )  w i t h  m o s t  
sens i t iz ing dyes  proceeds  b y  w ay  of t h e  t r i p l e t  s t a t e  of t he  
dyeL  The  t r i p l e t  dye  can  r e a c t  w i t h  molecu la r  oxygen  
( t r ip le t  s ta te)  to  p roduce  s ing le t  oxygen  (or, possibly,  a 
dye -oxygen  complex) ;  these  species t h e n  oxidize  t h e  
subs t ra t e .  A l t e rna t ive ly ,  t h e  t r i p l e t  sens i t izer  c an  r eac t  
d i rec t ly  w i t h  t h e  subs t r a t e ,  u sua l ly  b y  a h y d r o g e n  or  
e lec t ron  t r a n s f e r  m e c h a n i s m L  

BELLIN a n d  YANKUS ~, in  s tud ies  of t he  effects  of oxygen  
c o n c e n t r a t i o n  on  t h e  rose benga l - sens i t i zed  p h o t o -  
ox ida t i on  of h is t id ine ,  f ound  a s h a r p  increase  in  q u a n t u m  
yie ld  up  to a p p r o x i m a t e l y  20% oxygen ,  a p l a t e a u  to 
a p p r o x i m a t e l y  40% oxygen,  and  t h e n  a decrease  in  yield 
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Fig. 1. Quantum yields for the photodynamic inactivation of 
trypsin as a function of the oxygen concentration in the gas phase 
during illumination at 15 ~ The reaction systems were 42 txM in 
enzyme and 0.125M in sodium phosphate buffer at pH 8. The dye 
concentrations were 12.5 tzM for methylene blue and eosin Y and 
150 ~M for FMN. 
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Fig. 2. Quantum yields for the photodynamic inactivation of 
cr as a function of the oxygen concentration in the 
gas phase during illumination. The reaction systems were 40 ~zM 
in enzyme; otherwise the reaction conditions were the same as given 
for Figure 1. 

a t  h ighe r  oxygen  concen t ra t ions .  The  dec rea se  was 
a t t r i b u t e d  to  t he  q u e n c h i n g  of a dye -oxygen  ' pho to -  
pe rox ide '  ( the species wh ich  oxidizes t he  his t id ine)  b y  
g round  s t a t e  oxygen.  Our  d a t a  (except  for t he  FMN-  
ly sozyme  sys tem)  show a p l a t e a u  a t  h ighe r  o x y g e n  
c o n c e n t r a t i o n s ;  th i s  suggests  a s ingle t  oxygen  m e c h a n i s m  
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Fig. 3. Quantum yields for the photodynamic inactivation of lyso- 
zyme as a function of the oxygen concentration in the gas phase 
during illumination. The reaction systems were 40 ~M in enzyme, 
and 0.125M in sodium phosphate buffer at pH 8. The dye concen- 
trations were 12.5 FM for methylene blue and eosin Y, and 100 lzM 
(closed triangles) and 150 ~zM (open triangles) for FMN. The data 
are plotted on a log-log scale to separate the experimental points 
better. 

w i t h  t h e  p l a t eau  region re su l t ing  f rom a q u a n t i t a t i v e  
q u e n c h i n g  of exc i ted  dye  b y  oxygen  to give s ing le t  
oxygen.  F u r t h e r ,  i t  suggests  t h a t  t he  exc i ted  dye  species 
i nvo lved  are  fa i r ly  sho r t - l i ved  since t he  p l a t e a u  does no t  
occur  u n t i l  fa i r ly  h i g h  c o n c e n t r a t i o n s  of oxygen  are  
reached.  The  v e r y  s h a r p  rise in  q u a n t u m  yie ld  for t he  
F M N - l y s o z y m e  s y s t e m  suggests  t he  i n v o l v e m e n t  of a 
s ens i t i ze r - subs t r a t e  m e c h a n i s m  a t  low oxygen  concen t r a -  
t ions ;  t he  b e h a v i o r  a t  h ighe r  c o n c e n t r a t i o n s  m i g h t  resu l t  
f r om c o m p e t i t i v e  q u e n c h i n g  of exci ted  dye  b y  molecu la r  
oxygen  7. 

Rdsumd. Le t r a v a i l  d6cr i t  l ' e f fe t  de d i f f6ren tes  con- 
c e n t r a t i o n s  en  oxyg6ne  sur  la p h o t o i n a c t i v a t i o n  de la 
t ryps ine ,  de l 'c~-chymotrypsine e t  du  lysozyme.  C o m m e  
sens ib i l i sa teurs  on  a uti l is6 le bleu de m6thyl6ne ,  l '6osine 
Y e t  te FMN.  E n  g6n6ral,  les r e n d e m e n t s  q u a n t i q u e s  de 
l ' i n a c t i v a t i o n  e n z y m a t i q u e  on t  a u g m e n t 6  avec  l ' a n g m e n -  
t a t i o n  des c o n c e n t r a t i o n s  en  oxyg6ne,  e t  a t t e i n t  n n  
p l a t eau  & des c o n c e n t r a t i o n s  de 20% envi ron .  I ls  ne 
c h a n g 6 r e n t  alors p r a t i q u e m e n t  p lus  lorsque  les concen-  
t r a t i o n s  en  oxyg6ne  a u g m e n t 6 r e n t  jusqu '& 100%.  
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