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T A B L E  II  

T H E  E F F E C T  O F  P H O T O - E X C I T E D  R I B O F L A V I N  O N  T H E  I N A C T I V A T I O N  O F  B A C T E R I O P H A G E  T5 BY 
A S C O R B I C  A C I D  A N D  P O L Y - P H E N O L S  

The  ve loc i ty  c o n s t a n t s  were m e a s u r e d  in o . o67M  phospha t e -bu f f e r  sal ine (pH 7.o) a t  2o °. J u s t  
before i r radia t ion ,  t h e  phage  was  qu ick ly  d i lu ted  to  2. io  s pa r t i c l es /ml  in t he  buffer-sal ine solut ion 
con t a in ing  r iboflavin ( Io -4M)  and  ascorbic  acid or poly-phenols .  Samples  were i r rad ia ted  in a 
layer  1. 5 m m  th i ck  a t  a d i s t ance  of 15 cm f rom t h e  cen t re  of t h e  lamp.  A 20 w a t t  f luorescent  day-  
l ight  l amp  (Matsuda)  was  used  as a source  of visible l ight .  As a control ,  s amples  were kep t  in t he  

da rk  c h a m b e r  unde r  t he  s ame  condi t ions .  

Velocity constants (rain -1) 
Compounds 

Dark control Irradiation 

Ascorbic  acid ( i o -4M)  o.421 1.91 i 

H y d r o q u i n o n e  ( Io-3M) o.196 o.312 

Pyrogal lol  (5' I o -3M)  o.614 1.258 

po ly-phenol  der iva t ives ,  is p r imar i l y  involved  in t he  inac t iva t ion  of t he  phage  par t ic les  by  affect ing 
t h e  phage  DNA.  Because  of t h e  i r revers ib i l i ty  e of t h e  i nac t iva t i on  of t he  phages  by  these  agents ,  
however ,  a pa r t i c ipa t ion  of o t he r  m e c h a n i s m s  in t he  phage  inac t iva t i on  c a n n o t  be ruled out .  

T h e  a u t h o r  wishes  to  t h a n k  Dr.  MASAHIKO YONEDA, D e p a r t m e n t  of Microbiology, N a g o y a  
Ci ty  Unive r s i ty ,  for r ead ing  t he  manusc r i p t .  
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The participation of tetrahydrofolic acid in the enzymic conversion of 
phenylalanine to tyrosine 

The  ox ida t ion  of pheny l a l an i ne  to  tyros ine ,  shown  in equa t ion  (I), is k n o w n  to require  T P N H  
(reduced t r i phosphopy r id i ne  nucleotide),  oxygen  and  a t  least  two  e n z y m e s  1, ~. 

T P N H  + H + + 02  + pheny l a l an i ne  > T P N  + + H~O + ty ros ine  

Recen t l y  it  h a s  been found  t ha t ,  in add i t ion  to  T P N H ,  a new  cofactor  i sola ted f rom r a t  l iver is 
invo lved  in t he  reac t ion  S . 

T h e  u l t rav io le t  abso rp t ion  spec t rum,  t he  f luorescent  charac te r i s t i cs  of an  a lka l ine -degrada t ion  
p roduc t  of t he  purif ied ra t - l iver  cofactor  as well as i t s  h igh  n i t rogen  con t en t  sugges ted  t he  possibi l i ty  
t h a t  it  con ta ined  a p te r id ine  moie ty .  W h e n  folic acid a n d  a g roup  of re la ted  p ter id ines  were t e s ted  
for cofactor  ac t iv i ty ,  it  was  found  t h a t  T H F  ( te t rahydrofol ic  acid) was  h igh ly  ac t ive  in replacing 
t h e  n a t u r a l  cofactor.  Anhydro l eucovor in  (5, lO-formyl te t rahydrofo l ic  acid) showed sl ight  ac t iv i ty ;  
folic acid, leucovorin,  a n d  pteroic  acid were comple te ly  inact ive .  

The  ac t iv i ty  of T H F  in  t he  s y s t e m  could  be  d e m o n s t r a t e d  by  m e a s u r i n g  t he  s t imu la t i on  of 
e i ther  ty ros ine  fo rma t ion  or of t he  p h e n y l a l a n i n e - d e p e n d e n t  ox ida t ion  of T P N H .  A compar i son  of 
t h e  ac t iv i ty  of T H F  and  t he  na t u r a l  cofactor  in t h e  ty ros ine  a s s a y  is s h o w n  in Fig.  i .  U n d e r  t he  
condi t ions  used  in th i s  e x p e r i m e n t  t he r e  is no de tec tab le  ty ros ine  fo rma t ion  in t h e  absence  of added  
cofactor.  I t  c an  be  seen t h a t  a l t h o u g h  T H F  is h igh ly  act ive,  t he  t ime-course  of t he  reac t ion  is 
m a r k e d l y  different  f rom t h a t  obse rved  w i t h  t h e  n a t u r a l  cofactor.  I n  t h e  l a t t e r  case, t he r e  is a lag of 
severa l  m i n u t e s  2 a n d  af ter  th i s  ini t ial  per iod t h e  r a t e  of  t h e  reac t ion  is cons t an t .  I n  cont ras t ,  w i th  
T H F  the r e  is an  ini t ial  bu r s t  of ac t iv i ty  a n d  t h e n  t h e  r a t e  falls off. Similar  differences in  k ine t ics  
can  be  observed  w h e n  t he  reac t ion  is followed b y  m e a s u r i n g  t h e  p h e n y l a l a n i n e - d e p e n d e n t  ox ida t ion  
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Fig. i .  The  s t i m u l a t i o n  of ty ros ine  fo rma t i on  b y  t he  m ° ~03 
cofac tor  i sola ted f rom ra t  l iver and  by  T H F .  The  s y s t e m  
con ta ined  t he  s a m e  c o m p o n e n t s  as used  in t he  exper i -  .02 
m e n t  descr ibed in Table  I. Tyros ine  was  de t e rmi ned  by  
t he  n i t r o sonap tho l  p rocedure  as  descr ibed p rev ious ly  s. .01 
The  incuba t ions  were carr ied ou t  a t  25 ° in open  t e s t  
tubes ,  wi th  mechan ica l  shak ing .  O ,  o.12 /*mole T H F ;  0 
0 ,  a b o u t  IO/* of t he  n a t u r a l  cofactor  f rom ra t  liver. 
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T A B L E  I 

T H E  E F F E C T  O F  T E T R A H Y D R O F O L I C  A C I D  A N D  T H E  N A T U R A L  C O F A C T O R  O N  T H E  

P H E N Y L A L A N I N E - D E P E N D E N T  O X I D A T I O N  OF T P N H  

Additions 
Rate (Opti~aldensity X iooo/min) 

0-6 rain 24-3o rain 

N o n e  o .  i O. I 

N a t u r a l  cofac tor  3.6 i i .o  
Te t rahydrofo l i c  acid 19.8 0.5 

The  reac t ions  were carr ied ou t  a t  34 ° m #  in i .o  cm  B e c k m a n  cuve t t e s  con ta in ing  t he  fol lowing 
c o m p o n e n t s  ( in/*moles)  : p o t a s s i u m  p h o s p h a t e  buffer,  p H  6.8, IOO; L-phenyla lanine ,  2.0; T P N H ,  
o . I2;  purif ied ra t  enzyme ,  o . i6  m g  pro te in ;  purif ied sheep  enzyme,  o.o7 m g  protein.  W h e r e  indi-  
cated,  a b o u t  io /*  of t he  cofactor  isolated f rom ra t  liver, or  o .12/~mole  T H F  were added.  F ina l  
v o l u m e  m a d e  up  to  i .o  ml  wi th  water .  E a c h  repor ted  va lue  ha s  been  corrected for a n y  T P N H  
o x i d a t i o n  wh ich  occurred in t he  absence  of a d d e d  pheny la l an ine .  

of T P N H ,  as  s h o w n  in Table  I. I t  wou ld  appea r  f rom these  s tud ies  t h a t  t he  n a t u r a l  cofactor  func-  
t ions  ca ta ly t ica l ly  in t h e  sys t em,  while T H F  does not .  

The  f inding t h a t  T H F ,  or  a c o m p o u n d  der ived f rom it, can  s t i m u l a t e  t he  ra te  of t y ros ine  
fo rma t ion  sugges t s  t h e  poss ibi l i ty  t h a t  t he  folic acid c o m p o u n d s  m a y  be involved  in biological 
h y d r o x y l a t i o n  react ions ,  in add i t ion  to  the i r  known  role in one-ca rbon  me tabo l i sm.  As a l ready  
noted ,  p r e l imina ry  phys ica l  and  chemical  s tud ies  on t he  n a t u r a l  cofactor  are  cons i s ten t  wi th  a 
p te r id ine -con ta in ing  compound .  Whi l e  such  a t e n t a t i v e  conclusion r ega rd ing  t h e  s t r uc tu r e  of  t h e  
na tu r a l  cofactor  is s t r e n g t h e n e d  by  t he  ac t i v i t y  o1 T H F  in t he  enzymic  s y s t e m  u n d e r  considera t ion,  
f u r t he r  work  will be requi red  before t he  re la t ionship  of t he  n a t u r a l  cofactor  to t he  folic acid 
c o m p o u n d s  is e lucidated.  
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