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Perox ide  F o r m a t i o n  in G a m m a  Irradiated 
Citrate Buffer 

In  the  course of our  s tudies  of rad ia t ion  effects on solu- 
t ions  of deoxyr ibonucle ic  acid (DNA) of E .  coli 15T-, we 
have  observed  peculiar  pos t - i r rad ia t ion  changes  in the  
UV-abso rp t i on  spec t rum of the  i r rad ia ted  solutions.  For  
a per iod of 1-2 h immedia te ly  af ter  i r rad ia t ion  the  opt ical  
dens i ty  (OD) in the  region 240-280 n m  of the  solut ion was 
observed  to regular ly  increase.  This increase was propor-  
t ional  to the  dose of cobalt-60 g a m m a  rays  employed.  The 
rad ia t ion  source was a G a m m a  cell 200 (Atomic Ene rg y  
Commiss ion of Canada,  Ltd.) .  An even more  d r ama t i c  
effect  was seen when  these  i r rad ia ted  D N A  solut ions were 
hea t ed  in the  B eckman  DU s p e c t r o p h o t o m e t e r  for the  
purpose  of ob ta in ing  t he rma l  d e n a t u r a t i o n  curves using 
the  usual  t echniques  1,~, as shown in Figure 1. 

This  resul t  was  ob ta ined  only if i r rad ia t ion  was carried 
out  wi th  oxygen  bubbl ing  t h rough  the  solution�9 Subs t i tu-  
t ion  of n i t rogen bubbl ing  e l iminated  the  pos t - i r rad ia t ion  
increase in UV-abso rp t i on  as well as the  unusual  t he rma l  
dena tu ra t i on  curves.  This  resul t  sugges ted  a peroxide  was 
being formed e i ther  wi th  the  D N A  or w i th  the  buffer  in- 
gredients .  By  a process of e l iminat ion  i t  was demon-  
s t r a t ed  t h a t  only  sodium ci t ra te  was involved in the  pos t -  
i r radia t ion  react ion.  

The s t anda rd  buffer  used ill mos t  D N A  work  is 0 .15M 
sod ium chloride (NaC1) plus 0 .015M sodium ci t ra te  
(NaaCsHsO 7 �9 2H20 ) in glass dist i l led wa te r  wi th  a p H  
of 7.03,4. Aqueous  solut ions of 0 .015M sodium ci t ra te  
(Baker  Analyzed  Reagen t  Grade,  r epor ted  to  be 99.8% 
pure) were p repa red  in tr iple disti l led water ,  and irradi-  
a ted  in a rad ia t ion  cleaned P y r e x  vessel  suppor t ed  in a 
Luci te  jig a t  zero degrees. E i t he r  prepur i f ied  n i t rogen  or 
oxygen  was bubb led  t h rough  the  solut ion for 30 min 
prior  to and dur ing  i rradiat ion.  Af te r  i r radiat ion,  solu- 
t ions  were immed ia t e ly  placed in a qua r t z  cuve t t e  in a 
B e c k m a n  DB recording spec t ropho tomete r ,  t e m p e r a t u r e  
control led  at  25 ~ The increase in absorbance  at  260 n m  
as a funct ion  of t ime as well as the  ent i re  spec t rum was 
recorded.  Peroxide  analysis  was made  by  K I - s t a r c h  t i t ra -  
t ion.  Hea t ing  expe r imen t s  wi th  i r rad ia ted  solutions were 
pe r fo rmed  in a B eckman  DU s p e c t r o p h o t o m e t e r  f i t ted  
wi th  t h e r m o s p a c e r  plates  connec ted  to  a Haake  var iable  
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Fig. 1. Thermal denaturation curve of DNA from E. coli 15T-. Con- 
trol, and irradiated in saline-citrate buffer at zero degrees C under 
oxygen bubbling conditions with 32 kilorads and with 72 kilorads. 

t e m p e r a t u r e  hea t ing  ba th .  Tempera tu re s  were measured  
wi th  special (Pyrocell) shor t -bu lb  t h e r m o m e t e r s  im- 
mersed  in the  Beck man  cell. Absorbed  dose was calcu- 
la ted  using convent iona l  ferrous sulfate dos ime t ry  wi th  a 
G value of 15.5. 

The change  in absorp t ion  spec t rum be tween  220 and  
300 n m  of 0.0152!/I sod ium ci t ra te  plus 32 kilorads wi th  
t ime is shown in Figure 2. The appearance  of a new 
p roduc t  wi th  an absorp t ion  m a x i m u m  at  250 nm is seen, 
its concen t ra t ion  reaching a m a x i m u m  app rox ima te ly  1 h 
af ter  i r radia t ion.  This co mp o u n d  remains  stable a t  room 
t e m p e r a t u r e  for a t  least  two  weeks. 1 h following irradia-  
t ion the  solut ion also gives a posi t ive t e s t  for peroxide  
wi th  KI - s t a rch .  The ra te  of increase in peroxide  concen-  
t r a t i on  parallels  the  increase in absorp t ion  shown in 
Figure 2. If  n i t rogen  is bubb led  t h ro u g h  the  sod ium 
ci t ra te  solution pr ior  to and  dur ing  i rradiat ion,  no change 
in absorp t ion  s p ec t ru m is seen, and  the  K I - s t a r c h  t es t  is 
negat ive .  We therefore  believe t h a t  a p roduc t  hav ing  the  
character is t ics  of a ' pe roxy  c i t ra te '  is formed,  which  
absorbs  in the  UV-reg ion  of the  spec t rum,  hav ing  an 
ex t inc t ion  coefficient  of 3.8 �9 10 a. The K I - s t a r c h  t i t r a t i on  
exper imen t s  indicate  t h a t  a dose of 32 kilorads results  in 
app rox ima te ly  1% convers ion to this  product ,  wi th  a 
calculated G value of 4.5. 

I t  only  r emained  to expla in  the  peculiar  changes  in 
UV-abso rp t ion  upon  hea t ing  i r rad ia ted  solutions of D N A  
in sal ine-ci t ra te  buffer  (Figure 1). A solution of ' pe roxy  
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Fig. 2. Absorp t ion  spectra of  0.015 M sodium c i t ra te i r rad ia ted wi th  
32 kilorads under oxygen bubbling, measured at various times after 

irradiation. 
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c i t r a t e '  was p r e p a r e d  b y  i r r ad i a t i ng  0 . 0 1 5 M  sod ium 
c i t ra te  + 0 . 1 5 M  sod ium chlor ide (32 ki lorads)  u n d e r  
oxygen  b u b b l i n g  and  wa i t ing  1 h. This  so lu t ion  was t h e n  
p laced  in the  t h e r m o s t a t t e d  cell c o m p a r t m e n t  of a 
B e c k m a n  D U  spec t r opho t om e t e r ,  and  slowly hea ted .  The  
a b s o r b a n c e  a t  260 n m  increased  v e r y  s l igh t ly  as i t  was 
h e a t e d  to  55~ a p p a r e n t l y  due  to acce le ra ted  res idua l  
peroxide  fo rmat ion ,  since a po r t i on  k e p t  as a con t ro l  also 
increased  s l ight ly  in a b s o r p t i o n  wi th in  two days,  a n d  t h e n  
r ap id ly  decl ined as t he  t e m p e r a t u r e  r eached  60-70~  
(Figure 3). This  would be  t he  expec ted  r ange  of decompo-  
s i t ion  of a per-acid,  as obse rved  w i th  perace t ic  acid and  
persuccinic  acid. The  u n u s u a l  h y p e r c h r o m i c  effect  of 
i r r ad i a t ed  D N A  solu t ion  shown  in F igure  1 is the re fore  
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Fig. 3. Thermal deconlposition curve of 'sodium peroxy-citratc' in 
saline citrate buffer. 

due to the  f o r m a t i o n  a n d  decompos i t ion  of the  p r o d u c t  
fo rmed  in t he  i r r ad i a t i on  of sod ium c i t ra te .  

The  r a d i a t i o n  c h e m i s t r y  of so lu t ions  of organic  acids 
h a s  been  s tud ied  b y  o thers ,  a n d  decompos i t ion  in to  
h y d r o g e n  and  c a r b o n  dioxide  is genera l ly  observed .  The  
yield for  formic  acid decompos i t ion  for  example  is 
G = 3.2 s, while  acet ic  acid and  glycolic acid give H a a n d  
d imer ic  produc ts .  Ascorbic  acid in so lu t ion  is oxid ized  b y  
g a m m a  r a d i a t i o n  to dehydroasco rb i c  acid w i t h  oxygen  
s a t u r a t i o n  e n h a n c i n g  t he  r a t e  of des t ruc t ion ,  b u t  a pos t -  
i r r ad i a t i on  r eac t ion  is n o t  observed  a. The  reac t ive  in te r -  
med i a t e  is p r e s u m a b l y  n o t  a free rad ica l  b u t  an  oxygen  
con ta in ing  species w h i c h  undergoes  a r e a r r a n g e m e n t  to  
the  peroxide.  

I n  a sepa ra te  e x p e r i m e n t  in  wh ich  H~O~ was added  to 
a 0 . 0 1 5 M  so lu t ion  of sod ium ci t ra te ,  no increase  in UV-  
abso rp t ion  w i th  t ime  was observed .  The  resul t s  p r e sen t ed  
here  ind ica te  t h a t  a p r o d u c t  of radiolysis  of sod ium 
ci t ra te ,  a c o m m o n l y  used buf fe r  mate r ia l ,  is sod ium 
'pe roxy  c i t r a te ' ,  fo rmed  d u r i n g  a post-effect .  Oxygen  
m u s t  be  p re sen t  d u r i n g  i r r ad i a t i on  for th i s  p r o d u c t  to  
form. 

Rdsumd. Les r6su l ta t s  pr6sent6s  ici sugg~rent  la fo rma-  
t ion  d ' u n  p rodu i t  du  t y p e  p6roxide aprgs  l ' i r r ad ia t ion ,  en  
pr6sence d 'oxyg~ne ,  d ' u n e  so lu t ion  aqueuse  de c i t r a t e  de 
sod ium t a m p o n n 6 e  au p H  7. 
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A p p e a r a n c e  of P r e - a 2 - G l o b u l i n s  S o o n  After  the  
V e r y  Firs t  D o s e  of D i p h t h e r i a  T o x o i d  in H o r s e  

The  changes  in the  s e rum p ro t e in  p a t t e r n  d u r i n g  one 
course of i m m u n i z a t i o n  of horse  w i t h  d i p h t h e r i a  toxo id  
was measu red  b y  us. The  e lec t rophore t i c  s e p a r a t i o n  of 
s e rum p ro t e ins  of horse  before c o m m e n c e m e n t  of i m m u -  
n i za t i on  and  four  days  a f t e r  t he  f i rs t  dose of 5 ml  of 
d i p h t h e r i a  t oxo id  was car r ied  ou t  on  aga r  gel a t  p H  8.6 
accord ing  to t he  m e t h o d  of GIRI 1 as modif ied  b y  ACHARYA 
et  al. ~. The  l ipopro te ins  were ana lysed  accord ing  to t he  
m e t h o d  of DAS a n d  CxlRi 3. A c o m p o n e n t  w i t h  electro-  
phore t i c  mob i l i t y  b e t w e e n  el-  a n d  e~-globulin appea red  
soon a f t e r  the  f i rs t  dose of d i p h t h e r i a  t oxo id  (Figure 1). 
W e  prefe r red  to  call t h i s  c o m p o n e n t  pre-e2-globulin.  In  
add i t i on  to this ,  t he re  occur red  a s l ight  decrease  in a lbu-  
m in  also soon a f t e r  t he  f i rs t  dose, The re  also a p p e a r e d  a 
new l ipopro te in  c o m p o n e n t  w i th  the  e lec t rophore t i c  
mob i l i t y  be tween  e- and /~- l ipopro te in  as seen in F igure  2. 
W e  prefe r red  to call t h i s  c o m p o n e n t  pre-/~-lipoprotein.  
Since no de t ec t ab l e  a n t i b o d y  ac t i v i t y  was found  a t  th i s  
s tage  in the  e-g lobul in  region,  t he  increase  in t he  p r e - e  2- 

globul in  soon a f t e r  t he  f i rs t  dose of d i p h t h e r i a  t oxo id  
c a n n o t  be  a t t r i b u t e d  to a n t i b o d y  fo rmat ion .  

R e p e a t e d  in jec t ions  a t  four  d a y  in t e rva l s  for a b o u t  two  
m o n t h s  showed  no s ign i f ican t  increase  or decrease  of pre-  
ez-globulin,  in  sp i te  of t i le m a r k e d  increase  in t o t a l  pro-  
t e ins  f rom 6.8 to 9.6 g pe r  100 ml, wh ich  was found  to  be 
m a i n l y  due to inc reased  /~- and  ~-globulins.  B u t  a con-  
s iderable  a m o u n t  of a n t i b o d y  a c t i v i t y  (near ly  7 - 8 %  of 
t o t a l  ac t iv i ty )  was also found  to  be assoc ia ted  in e- 
g lobul in  region a f t e r  t h e  h y p e r i m m u n i z a t i o n  of horse ,  
wh ich  agrees well  w i t h  t he  p rev ious  o b s e r v a t i o n  m a d e  b y  
I~AYNAUD 4, a n d  also b y  RAo 5. The  a p p e a r a n c e  of pre- /5-  
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