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Photoreactions of Biacetyl with Methionine and Related Compounds  

Since WACKER, CHANDRA et  al. 1, ~ f i rs t  d iscovered the  
abi l i ty  of ace tone  to  p romote  the  pho tod imer i za t ion  of 
pyr imidines ,  water -soluble  ketones  have  been  widely 
employed  to  induce the  p h o t o d a m a g e  of nucleic acid 
cons t i tuen t s  a-5. On the  o ther  hand,  the  pho to reac t ions  
of such ke tones  wi th  pro te ins  are stil l  unexplored,  a l though  
a p re l imina ry  inves t iga t ion  in our l abora to ry  6 po in ted  
out  t h a t  ace tone  can eff icient ly sensit ize enzymes  to  
pho to inac t iva t ion .  In  order  to achieve a be t t e r  under-  
s t and ing  of the  possibi l i t ies  opened by  the  use of th is  new 
class of photosens i t izers ,  we ex t ended  our s tudies  to the  
photoef fec t s  of a large number  of ke tones  on amino  acids. 
In  th is  paper ,  we repor t  our f indings abou t  the  photo-  
react ions  of b iace ty l  wi th  meth ionine ,  which  disclose 
in teres t ing  prospec ts  for t he  photob io logy  of prote ins .  

Materials and methods. Biacety l  was a p roduc t  of Carlo 
E r b a  and was  dist i l led pr ior  to use. L-methionine  (Met) 
and  the  o the r  amino  acids were purchased  f rom Fluka.  
The pep t ide  N-benzyloxycarbonyl -L-meth ionyl -L-aspar t ic  
acid (Z-Met-Asp) w a s  synthes ized  in th is  Ins t i tu te .  
I r rad ia t ions  were pe r fo rmed  by  a 450-wat t  X e n o n  lamp 7; 
na r row l igh t  bands  were isolated by  means  of Balzers 
in ter ference  filters.  The i r radia ted  aqueous  solutions,  
p H  5,9, were  1 m M  in amino  acid, 0.1 M in b iace ty l  and  
were con ta ined  in a P y r e x  cuve t te  of 2-cm l ight  pa th .  
Deaera t ion  was achieved by  f lushing wi th  u l t rapure  N~ 
for 15 min  pr ior  to  and dur ing i l luminat ion.  The t empera -  
ture  was kep t  a t  18 -6 1~ At  tile end, b iace ty l  was 
r emoved  by  dis t i l la t ion under  reduced  pressure  and/or  
by  lyophi l izat ion,  and  the  recovered mater ia l  was analyz-  
ed by  th in  layer  c h r o m a t o g r a p h y  on silica gel p la tes  or by  
q u a n t i t a t i v e  co lumn c h r o m a t o g r a p h y  on a Carlo E r b a  
3A27 analyzer ,  according to the  procedures  deta i led  
elsewhere 7, s 

Results. I r r ad ia t ion  of b iace ty l  plus Met by  unf i l tered 
light,  in deae ra t ed  solutions,  caused the  gradual  conver-  
sion of the  amino  acid in to  3 n inhydr in -pos i t ive  products ,  
which  Were ident i f ied as Met  sulfoxide, Met  sulfone and 
a -aminobu ty r i c  acid, respect ively,  by  compar i son  of the i r  
ch roma tog raph ic  Rf  values in d i f fe rent  so lvent  sys tems  
wi th  those  of au then t i c  samples.  U n d e r  our condi t ions  of 
i r radiat ion,  abou t  5 0 %  of the  original me th ion ine  
was reac ted  af ter  90 min.  Pro longed i l luminat ion  
caused a fu r the r  convers ion of Met  sulfoxide to  the  
sulfone. The former  compound  appeared  to  be an in ter-  
med ia t e  in t he  pho tosens i t i zed  ox ida t ion  of Met  : actual ly,  
i r rad ia t ion  of Met  sulfoxide plus biacetyl ,  under  the  same 
condi t ions  as used for Met, resul ted in a q u a n t i t a t i v e  

fo rma t ion  of Met  sulfone. The yields of Met  sulfone and of 
e -amino bu tyr ic  acid af ter  i r rad ia t ion  of Met  unde r  
various condi t ions  are r epor ted  in the  Table.  Apparen t ly ,  
only  t race  amo u n t s  of t he  desu l fura ted  p roduc t  were 
recovered if the  i l lumina t ion  was  run in the  presence  of 
10 rnM hydroqu inone  or in O2-saturated solut ions;  more-  
over, t he  pho toprocess  could be specifically d r iven  
towards  t he  fo rmat ion  of Met  sulfone by  using mono-  
ch romat i c  404 n m  light.  Conversely,  c~-aminobutyric acid 
was the  ma in  p ro d u c t  upon  i r rad ia t ion  at  313 nm. 

I r r ad ia t ion  s tudies  w i th  Z-Met-Asp showed t h a t  the  
incorpora t ion  of Met  in to  a pep t ide  molecule has  no 
appreciable  effect  on the  re la t ive  yields of the  two afore- 
said products .  In  par t icular ,  the  pho to reac t ion  appeared  
to occur also if anhydrous  d ioxane  was used as t he  solvent .  
Finally,  ~-aminobutyr ic  acid and the  cor responding  
sulfones were ob ta ined  by  biacetyl -sensi t ized photoreac-  
t ion  of ae th ionine  and  homocys te ine ,  whereas  cys t ine  was  
recovered unchanged  even af ter  prolonged exposure  to  
l ight.  In  all cases, color imetr ic  assay of the i r rad ia ted  
solut ions w i th  Ti 4+ salts  9 gave no evidence of the  presence  
of hydrogen  peroxide.  

Discussion. The pho tosens i t i za t ion  of Met by  b iace ty l  
appears  to  be not iceable  b o t h  for the  na tu re  of the  p roduc t s  
ob ta ined  and  for the  poss ib i l i ty  of control l ing the  reac- 
t ion p a t h w a y  by  changing  the  exci t ing wavelength  or by  
adding  radical  scavengers  to  the  i r rad ia ted  sys tem.  
Indeed,  all the  previous ly  used sensitizers,  including 
acetone,  q u an t i t a t i v e l y  conver ted  Met  to the  sulfoxide, 
even in deaera ted  solutions,  w i th  the  except ion  of f lavins 
which  give rise also to methionall0,11. Therefore,  th i s  
pho to reac t ion  allows one to  in t roduce  new modif ica t ions  
into a p ro te in  molecule:  in par t icular ,  the  removal  of t he  
t h ioe the r  func t ion  f rom the  Met  side chain m a y  prov ide  
in te res t ing  in format ion  abou t  the  i nvo lvemen t  of th i s  
amino  acid in H -b o n d s  and, more  generally,  abou t  i ts  
impor t ance  in the  secondary  s t ruc ture  of pro te ins ;  on the  
o ther  hand ,  the  convers ion  of Met to the  sulfone can be 
ut i l ized to  induce an i r reversible  oxida t ion  of th is  amino  
acid, since Met  sulfoxide has been  shown to be rever ted  to  
Met  by  reducing agents  1~. The me t h o d  appears  to possess  
also a cer ta in  degree of select ivi ty,  since our f indings 
show t h a t  the  pho to reac t ion  is of general  occurrence for 
amino  acids conta in ing  a th ioe the r  or a thiol  funct ion,  b u t  
no t  a disulf ide group. 

The influence of the  i r rad ia t ion  condi t ions  on the  p a t h -  
way  of the  photoprocess  provide  also some mechanis t i c  
insights.  I t  is likely t h a t  a -amino bu tyr ic  acid is formed b y  

Percent recovery of Met sulfone and of ct-aminobutyrie acid after irra- 
diation of Met in the presence of biacetyl 

Conditions of irradiation Met sulfone or acid 

Unfiltered light, under N 2 56.7 33.5 
Unfiltered light, under N2, 67.3 5.0 
plus hydroquinone 
Unfiltered light, in air 65.1 3.8 
404 nm light, under N~ 92.4 0.0 
313 nm light, under N 2 20.0 69.7 

All irradiations were performed at 20~ in aqueous solutions (pH 
5.9), using a 450-watt xenon lamp as the light source. The solutions 
were contained in Pyrex cuvettes of 2-cm light path. The recovery 
was evaluated after 2 h of irradiation, by chromatographing known 
amounts of the irradiated solution on a Carlo Erba 3 A27 amino acid 
analyzer. 
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a t t a ck  o n  Met  by  radical  species der iv ing f rom the  photo-  
lysis of pho toexc i t ed  b iace ty l :  actual ly,  the  convers ion of 
Met  to  th is  p roduc t  is inh ib i t ed  by  O 2 or hydroquinone ,  
which  are known  to be radical  scavengers,  and becomes  
apprec iable  only upon i r rad ia t ion  wi th  wave leng ths  suf- 
f ic ient ly  low to p romo te  photod issoc ia t ion  of biacety113. 
On the  cont rary ,  Met  sulfone should be p roduced  by  direct  
a t t a ck  of t r ip le t  biacetyl ,  which  is known to  be electro- 
philicl% on the  sulfur a t o m  of Met. Actually,  the  irradia-  
t ion  condi t ions  leading to  the  m a x i m a l  yield of sulfone 
are co inc ident  w i th  those  enhanc ing  the  q u a n t u m  yield 
of the  i n t e r sys t em crossing to the  f i rs t  t r ip le t  s ta te  of 
biacetyl~< The poss ib i l i ty  t h a t  pho toexc i t ed  b iace ty l  
p r imar i ly  in te rac t s  w i th  the  solvent  m u s t  be ruled out  
since the  pho to reac t ion  proceeds  also in anhydrous  solu- 
t ions ;  moreover ,  no H,O, ,  which  could in t u r n  oxidize 
Met, is fo rmed dur ing  the  photoprocess .  Finally,  since the  
ox ida t ion  of Met to the  sulfone occurs also in anerobic  
condi t ions ,  our f indings suggest  t h a t  the  t r ip le t  b iacetyl  
acts  also as an oxygen-donor  for Met ;  a possible act iva-  
t ion of molecular  O 2 by  the  exci ted sensit izer  should  be 
only  of minor  impor tance .  

Riassunto. L ' i r r ad i amen to  di soluzioni acquose di 
me t ion ina  e biacetile,  con luce assorb i ta  dall'c~-dichetone, 
da '  origine a met ion in  solfone e ad acido a -amminobu t i r -  
rico, La fotoreazione puo '  essere p i lo ta t a  s e l e t t i vamen te  
verso l 'uno o l 'a l t ro dei  due p ro d o t t i  med ian te  il control lo  
della pressione di O 2 e della lunghezza  d ' o n d a  di eccita- 
zione, oppure  med ian te  in t roduz ione  di ca t tu ra to r i  di  
radical i  nel  s i s tema i r radiato.  
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Rapid Quantitative Evaluation of Serum LDH Isoenzyme Patterns After Agar Gel Electrophoresis 

Agar  gel e lect rophoresis  1 has been widely  used to  
separa te  se rum L D H  (lact ic-dehydrogenase)  i soenzymes 2,z, 
and  consequent ly ,  d i f fe rent  m e t h o d s  have  been developed 
to eva lua te  the  agar  gel zymograms .  WIEME 1'5, using 
enzymoelec t rophores i s ,  p roved  t h a t  the  spec t rophoto-  
met r ic  m e t h o d  can be d i rec t ly  appl ied  to  an agar  gel and 
the  modif ica t ions  occurr ing at  the  level of N A D t t  followed 
a t  366 n m  in a modif ied  E p p e n d o r f  pho tome te r .  Var ian t s  
of t he  spec t ropho tome t r i c  m e t h o d  have  been descr ibed by  
BLANCHAER 6, who used the  d i sappearence  of f luorescence 
in U V  t h a t  accompanies  t he  ox ida t ion  of NADH2,  and by  
LAURSENT, who measured  the  bluish f luorescent  l ight  a t  
460 nm. Visual s ta in ing  techniques  followed by  densi to-  
met r ic  eva lua t ion  of i soenzymes  are more  c o m m o n  pro-  
cedures,  especial ly since the  in t roduc t ion  of phenaz ine  
m e t h o s u l p h a t e  as e lectron carrier  and  t e t razo l ium salts  as 
sui table  acceptors  8-10. In  these  s ta in ing  methods ,  t he  
p ro tons  t r ans fe r red  to  N A D  to form N A D H 2  are 

t a k e r / u p  by  phenaz ine  me t h o s u l p h a t e  and thence  t rans -  
ferred to a t e t r azo l ium salt,  which  is t h e r eb y  reduced  to an 
insoluble formazan,  appear ing  on the  gel as a purp le  band .  
Af ter  s taining,  i soenzymes  m a y  be quant i f ied  by  reflect-  
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Comparison of results from elution and densitometric procedures 

LDH Isoenzymes 

1 2 3 4 5 

Diagnosis No. of E D E D E D E D E D 
Cases 

Myocardial 
infarction 10 45.6 4- 1.8 45.8 4- 2.2 41.0 4- 1.0 40.1 4- 1.2 13.4 4- 1.7 14.1 4-1.6 
Infectious 
hepatitis 5 18.44-2.0 18.04-1.8 28.44-2.0 28.44-2.6 13.94-1.7 13.54-2.2 
Neoplastic 
diseases 8 20.24-0.9 21.24-0.7 36.14-1.6 35.64-1.8 25.94-0.7 25.84-0.5 
Normal 
subjects 7 28.64-0.7 28.34-0.5 39.64-0.7 38.84-0.6 19.04-0.5 18.94-0.7 

11.1• 10.64-2.0 28.24-4.0 29.54-2.5 

12.64-1.2 12.7• 5.24-0.6 4.74-0.8 

10.44-0.6 10.34-0.6 2.44-1.1 3.74-1.1 

E, elution technique; D, densitometric technique. The first figure in any row and column is the mean for all cases in each group. The second 
figure is the calculated standard error of the mean. 


