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Preliminary Notes 

Inactivation of T-group bacteriophages by ascorbic acid 
and some poly-phenol derivatives, and the catalytic effects 

of cupric ion and photo-excited riboflavin 
"While s t u d y i n g  t he  p h o t o d y n a m i c  inac t iva t ion  of bac ter iophage ,  we have  found  t h a t  T -g roup  
bac t e r iophages  are i r revers ib ly  i nac t iva t ed  by  ascorbic  acid and  some  poly-phenol  der iva t ives  such  
as  hyd roqu inone ,  adrenal ine ,  p - p h e n y l e n e d i a m i n e  and  pyrogallol .  In  fu r the r  e x p e r i m e n t s  it  h a s  
also been revealed  t h a t  t he  ra te  of t he  inac t iva t ion  m a r k e d l y  increases  in t he  presence of t races  of 
Cu ++ or pho to -exc i t ed  r iboflavin.  

Rou t i ne  m e t h o d s  of phage  t echno logy  descr ibed by  ADAMS 1 were used  t h r o u g h o u t  t he  s tudy .  
The  sal ine d i luen t  con ta in ing  0.85 % NaC1 a n d  0.025 % MgSO 4 was  a d j u s t e d  to p H  7.o wi th  ap-  
p ropr ia te  a m o u n t s  of o . o 6 7 M  N a 2 H P O  4 and  o .o67M  K H 2 P O  4. 

Us ing  seven  s t r a in s  of T -g roup  bac t e r iophages  and  the i r  host ,  s t ra in  B of Escherichia coli, 
e x p e r i m e n t s  were carr ied ou t  on t he  inac t iva t ion  of t h e  phages  by  i o - 4 M  ascorbic acid, 5" I o - S M  
hyd roqu inone ,  5" I o - 4 M  adrena l ine  and  5 '  I o - S M  pyrogallol .  Kine t ic  resu l t s  clearly showed t ha t ,  
in all cases,  t h e  inac t iva t ion ,  a f te r  a shor t  ini t ial  lag, proceeded as a f i rs t -order  react ion.  The  ra tes  
of t he  inac t iva t ion  of seven  phage  s t r a ins  by  these  agen t s  are i l lus t ra ted  in Table  I. 

A l t h o u g h  ne i the r  Cu ++ nor  pho to -exc i t ed  r iboflavin itself showed a n y  inac t iva t i ng  effect, t h e  
presence  of one of t he  agen ts ,  as is s h o w n  in Tables  I and  II ,  m a r k e d l y  accelera tes  t h e  ra tes  of t he  
i nac t iva t i on  by  ascorbic  acid and  po ly-phenol  der iva t ives .  O the r  d iva len t  ions, for ins tance ,  IO -3 M 
Fe +÷ and  I o - a M  Mg ++ had  no such  effect. As is well k n o w n  2,a,4 a u t o x i d a t i o n s  of ascorbic acid 
and  po ly-phenol  der iva t ives  are  ca ta lyzed  by  t races  of Cu ++ and  also pho tochemica l ly  ca ta lyzed  in 
t he  presence  of r iboflavin.  

T A B L E  I 

THE INACTIVATION OF T - G R O U P  BACTERIOPHAGES BY ASCORBIC ACID AND SOME POLY-PHENOL 

DERIVATIVES 

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.o6 7 M p h o s p h a t e - b u  ffer sal ine (pH 7.o) a t  2 8 o. The  phage  
t i t re  used  was  a b o u t  2. zo s par t ic les /ml .  The  effect of Cu ++ was  t e s t ed  on ly  for phage  T 5 us ing  

I o - 3 M  CuSO 4. 

Velocity constants (rain -t) 

Compounds Tz T2 T3 T4 T5 T6 T 7 

without Cu++ with Cu++ 

Ascorbic  acid ( i o -4M)  o.4o9 o.498 o.56o o.135 o.885 3.566 o.5o 7 1.o9o 

H y d r o q u i n o n e  (5" Io -3M)  o.054 o.143 0.338 o.141 0.464 2.797 o.4o7 o.195 

Adrena l ine  (5- i o - 4 M )  - -  o . i i i  - -  - -  o.124 1.22o - -  - -  

Pyrogal lo l  (5" Io-SM) - -  0.248 - -  - -  O.lO3 0.493 - -  - -  

Moreover,  we h a v e  observed  t h a t  t he  i nac t iva t i ng  effect of I o - 4 M  ascorbic acid on phage  T 5 
was  comple t e ly  inh ib i ted  by  I o - S M  cys te ine  du r ing  a 3 h i ncuba t ion  a t  28 °. Since it  h a s  been 
genera l ly  accep ted  t ha t ,  in t he  presence  of 02,  H202 is fo rmed  du r ing  t h e  a u t o x i d a t i o n  of ascorbic 
acid, catechol ,  h y d r o q u i n o n e  etc.Z,8,4, 5, i t  appea red  possible t h a t  HzO ~ m i g h t  p l ay  a crucial  pa r t  
in t he  i nac t iva t i on  of t h e  phages  by  these  agents .  I n  order  to  t e s t  th i s  point ,  t h e  effects of H I O  t and  
of ca ta lase  were t e s ted  on phage  T 5. P re l imina ry  e x p e r i m e n t  showed t h a t  i o - 2 M  H202 i nac t i va t ed  
phage  T5 a t  a rap id  ra te  (k = 1.I71). I t  was  also found  t h a t  t h e - i n a c t i v a t i o n  of phage  T 5 by  
ascorbic  acid was  comple t e ly  inhib i ted  by  a smal l  a m o u n t  of c rys ta l l ine  ca ta lase  (o.oi m g / m l  of 
Kat . f .  2. 5. 104) .  

I t  m u s t  be no ted  here  t h a t  t h e  phage  par t ic les  i nac t i va t ed  by  m e a n s  of ascorbic acid and  
po ly -pheno l  der iva t ives ,  still  p rese rve  t he  capac i ty  of be ing  adsorbed  to t he  hos t  cell. 

I n  1945, MCCARTY 5 repor ted  t h a t  t he  t r a n s f o r m i n g  s u b s t a n c e  of pneumococca l  t y p e s  was  
revers ib ly  i n a c t i v a t e d  by  ascorbic  acid in t he  presence  of Cu ++ a n d  he  sugges t ed  t h a t  t h e  inac t iva -  
t ion  m i g h t  poss ib ly  be  a t t r i b u t e d  to  t h e  ac t ion  of t h e  H202 fo rmed  in t h e  a u t o x i d a t i o n  of ascorbic  
acid.  I t  is conceivable ,  therefore ,  t h a t  t he  HzO2, fo rmed  in t he  a u t o x i d a t i o n  of ascorbic acid and  
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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  


