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The Behavior of Alloxan in the Hill Reaction 

G. L. HORTON 1, E.  S. HUYSER and J. M. AKAGI 

Department o/ Chemistry, University o/Kansas, Lawrence (Kansas, USA); and Department o/Microbiology, University 
o[ Kansas, Lawrence (Kansas, USA), 20 January 1976. 

Summary. Hill ac t iv i ty  induced  b y  al loxan is charac te r ized  by  non-s to ich iomet r ic  oxygen  evolut ion  and  cyclic e lectron 
flow due to  au tox ida t ion  of dialuric acid and  al loxant in ,  the  reduc t ion  p roduc t s  of al loxan. 

A l though  a new obse rva t ion  of induced Hill  ac t iv i ty  
by  a c o m p o u n d  is regarded as less s ignif icant  t h a n  earlier,  
novel  behav io r  and  resul t ing impl ica t ions  are of cu r r en t  
in teres t .  I n  th is  connect ion ,  dur ing  inves t iga t ions  to 
eva lua te  t he  Hill  ac t iv i ty  of var ious  oxidizing agents  as 
possible mater ia l s  to  be used in solar energy  convers ion  
studies ,  a l loxan (I) was observed  to  func t ion  as a Hill  
ox idan t  in an in te res t ing  way.  

Our expe r imen t s  have  ind ica ted  t h a t  less t h a n  the  ex- 
pec ted  s to ichiometr ic  q u a n t i t y  of oxygen  was evolved 
f rom i l lumina ted  chloroplas ts  in the  presence of (I). 
Resu l t s  f rom a typ ica l  expe r imen t  are p resen ted  in 
F igure  1. A m u c h  earlier r epor t  s t a t ed  t h a t  (I) will no t  
func t ion  as a Hill  ox idan t  a. A l though  the  q u a n t i t y  of 
oxygen  p roduced  is smaller  t h a n  expected ,  a def in i te  
l ight  induced  evolut ion  is observed.  W e 4 i l t e r p r e t  these  
resul ts  as being a consequence  of the  na tu re  of t he  re- 
duc t ion  p r o d u c t  of (I), n ame ly  dialuric acid (II). The 
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Fig. 1. Preincubation in the dark of reaction mixtures prior to illu- 
mination. The assay conditions are described in the methods section. 
Concentration of alloxan, 0.01 M .�9 no preineubation; A, prein- 
cubation of 15 min in the dark; (~, preincubation of 30 min in the 
dark; Q, boiled chloroplasts with no preincubation; ~ ,  no oxidant 
with no preincubation. 
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Fig. 2. Oxygen inhibition of the Hill reaction with alloxan: Conditions 
for the experiments were identical to those described for Figure 1. 
Concentration of alloxan, 0.01 M. (~, contained air atmosphere; O, 
contained air atmosphere; O, contained N 2 atmosphere; A, contained 
N 2 atmosphere; &, contained N 2 atmosphere with boiled chloro- 
plasts; ~ ,  contained N 2 atmosphere with no illumination; D, con- 
tained N 2 atmosphere but no oxidant (alloxan). 

sens i t iv i ty  of (II) to  spon taneous  ox ida t ion  by  oxygen  
is well d o c u m e n t e d  a. In  add i t ion  to  th is  considerat ion,  
(II) is also k n o w n  to  reac t  w i th  (I) to form a l loxant in  
(111)4. Several  expe r imen t s  were pe r fo rmed  t h a t  char-  
acterize the  n a t u r e  of the  behav ior  of a l loxan as a Hill  
oxidant .  

Material and methods. Chemicals  used ill p repar ing  the  
buffer  and reac t ion  m e d i u m  were of h ighes t  pu r i t y  avail-  
able and  used w i t h o u t  pur i f icat ion.  Dis in tegra ted  chloro- 
p las ts  were p repa red  f rom fresh spinach (Spinacea 
oleracea) as needed  according to  GORHAM 5 f rom 150 g of 
leaf mater ia l  for each prepara t ion .  Af te r  the  final centr i -  
fugat ion  s tep the  d i s in tegra ted  chloroplas ts  were sus- 
p en d ed  in 5 ml  of cold 0.02 M po ta s s ium p h o s p h a t e  buf-  
fer, p H  6.5. Al loxan was dissolved in 0.002 M po tas s ium 
phospha t e  buffer ,  p H  6.5 conta in ing  0.0067 M po ta s s ium 
chloride and  0.2 M sucrose. Disti l led wa te r  was used 
t h r o u g h o u t  in all p repara t ions .  Oxygen  evolut ion  was  
measured  wi th  a model  W B P 4  circular W a r b u r g  b a t h  
(Gilson Medical  Electronics ,  Inc.) which  was equ ipped  
wi th  a t r a n s p a r e n t  plas t ic  b o t t o m  and i l luminat ing  
capabi l i ty .  T e m p e r a t u r e  was  control led by  a t h e r m o s t a t  
on the  W a r b u r g  b a t h  and  a cold finger,  model  PBC-4 
b a t h  coolers (Neslab I n s t r u m e n t s ,  Inc.),  inser ted  into the  
ba th .  S t an d a rd  manome t r i c  t echniques  were used th rough-  
ou t  th is  s t u d y  a t  15 ~ wi th  a n i t rogen  gas phase.  2 ml  of 
al loxan solut ion were added  to  the  main  c o m p a r t m e n t  
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Tests for alloxantin in the Hill reaction 

Data Reaction vessel" 
reference 

Figure 1 2 3 4 5 6 7 

1 +(O1 +(A) + ( ~ ) - - ( e ) - - ( ~ )  
2 +(A) +(O) --(A) - - (~ )  --(O) --(~9) --([]) 

~Color test for alloxantin with Ba(OH)2: +,  positive, blue color 
observed; --,  negative, no blue color observed. 

of a W a r b u r g  flask. T he  cen te r  well c o n t a i n e d  0.1 ml  of 
2 N K O H  so lu t ion  and  a f lu ted  f i l ter  paper .  The  side a r m  
c o n t a i n e d  0.2 ml  of ch lo rop la s t  suspension.  A con t ro l  
f lask  c o n t a i n i n g  boi led  ch lo rop la s t  suspens ion  was al- 
ways  p r e p a r e d  in each  expe r i m en t .  The  r eac t ion  was 
i n i t i a t e d  b y  t i p p i n g  in  t h e  ch lo rop la s t  suspens ion  in to  t h e  
m a i n  c o m p a r t m e n t  a n d  t u r n i n g  on the  i l l u m i n a t i n g  
l amps .  

Results. As ind ica t ed  in F igure  1, s ign i f ican t  oxygen  
evo lu t ion  was de layed  un t i l  i l l u m i n a t i o n  was begun.  A1- 
l o x a n t i n  ( I I I )  was d e t e r m i n e d  to  be presen t ,  b y  a qual -  
i t a t i ve  test ,  in  runs  where  s ign i f ican t  oxygen  evo lu t ion  
was observed .  Th i s  t e s t  invo lves  the  f o r m a t i o n  of a cha r -  
ac te r i s t i c  b lue-colored  complex  w h e n  ( I I I )  is t r e a t e d  
w i t h  Ba(OH)26. The  resu l t s  for  t he  sets  of r uns  pre-  
s en t ed  in  F igures  1 a n d  2 are p r e s e n t e d  in t h e  Table .  Hi l l  
a c t i v i t y  was n o t  i n h i b i t e d  b y  (II)  or ( I I I )  as d e t e r m i n e d  
b y  e x p e r i m e n t s  where  (III)  was  p laced  in t he  r eac t i on  
m e d i u m  pr io r  to  r eac t ion  in i t i a t ion .  A n  equ i l i b r i um 
q u a n t i t y  of (II)  would  become  ava i l ab le  f rom dissoci- 
a t i on  of ( I I I )  in  th i s  case. 

W e  obse rved  i n h i b i t i o n  of t h e  Hil l  r eac t ion  b y  oxygen  
in h i g h  c o n c e n t r a t i o n s  as d e t e r m i n e d  b y  e x p e r i m e n t s  

pe r fo rmed  in a n  a i r  a t m o s p h e r e  a n d  also a s l ight  v o l u m e  
decrease  n e a r  t h e  end  of t h e  e x p e r i m e n t  (Figure 2). 
Oxygen  i n h i b i t i o n  is a cha rac t e r i s t i c  of t h e  Hil l  r eac t ion  7 
and  a v o l u m e  decrease  is s imi la r  to  obse rva t i ons  m a d e  
p rev ious ly  b y  MEHLER 7~ us ing  o t h e r  ox idan t s .  

Our  o b s e r v a t i o n s  are c o n s i s t e n t  w i t h  a sys t em as de-  
p ic ted  in t he  Scheme.  Oxygen  a n d  d ia lur ic  acid (II) are 
p roduced  b y  a l i g h t - d e p e n d e n t  r eac t ion  invo lv ing  t he  
chloroplas ts .  The  a m o u n t  of a l l o x a n t i n  ( I I I )  fo rmed  a n d  
p re sen t  a t  a n y  g iven  t ime  will be  descr ibed  b y  the  equi-  
l i b r ium c o n s t a n t  for t he  r eac t ion  b e t w e e n  (I) and  (II) S. 
An  equ i l i b r ium q u a n t i t y  of (II) will a lways  be  ava i l -  
able  for r eac t ion  w i t h  oxygen  to s p o n t a n e o u s l y  re - fo rm 
(I). I f  (II)  were t he  sole p roduc t ,  t h e n  t he  theo re t i ca l  
q u a n t i t y  of oxygen  p roduced  u n d e r  t he  cond i t ions  of t h e  
e x p e r i m e n t s  p r e sen t ed  in F igures  1 a n d  2 would be  
224 ~1. However ,  if all of (II) r eac ted  w i t h  (I) to  fo rm 
(III) ,  t h e n  t he  t heo re t i ca l  v o l u m e  of oxygen  would be 
112 txl. I n  all e x p e r i m e n t s  t he  obse rved  oxygen  vo lumes  
were cons ide rab ly  less t h a n  112 [xl (see F igures  1 and  2). 
As t he  l i g h t - d e p e n d e n t  p r o d u c t i o n  (II) a n d  oxygen  in-  
creases,  t h e i r  r a t e  of r eac t ion  w i t h  each  o t h e r  to p roduce  
(I) will also increase.  The  r eac t ion  scheme t h e n  begins  to  
a p p r o a c h  a s t e a d y - s t a t e  where  oxygen  will  r eac t  as fas t  
as i t  is p roduced .  Th i s  will  a p p e a r  as a decrease  in t h e  
r a t e  of oxygen  p r o d u c t i o n  w i t h  an  e v e n t u a l  cessa t ion  
when  in r ea l i t y  oxygen  con t inues  to  be produced .  

W e  r ega rd  t h i s  b e h a v i o r  in t he  Hil t  r eac t ion  to  be  
nove l  a n d  in t e r e s t i ng  w i t h  r e spec t  to t he  l igh t  i nduced  
cyclic e lec t ron  flow and  impl i ca t ions  r e l e v a n t  to  solar  
ene rgy  convers ion .  
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Effect  of  F u n g a l  S t a l i n g  G r o w t h  P r o d u c t s  on  G r o w t h  B e h a v i o u r  of  R h i z o s p h e r e  M i c r o f u n g i  
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Summary. St rong  m y c o s t a t i c  p r o p e r t y  of Trichoderma harzianum, Aspergillus flavus a n d  Penicillium rubrum, 
which  h a v e  v e r y  h igh  com pe t i t i ve  ab i l i ty  in s ta led  aga r  disc f rom rh izosphere  soil inocula  of Len t i l  (Lens esculantum 
Moench.) ,  was obse rved  co r respond ing  to s imi lar  g r o w t h - b e h a v i o u r  in  s ta led  cu l tu re  f i l t ra tes  of d o m i n a n t  microfungi .  

Ef fec t  of s t a l ing  g r o w t h  p r o d u c t s  of mic rofung i  on  
g r o w t h  b e h a v i o u r  of rh izosphere  mycof lo ra  has  received 
l i t t l e  a t t e n t i o n .  DwIvEI)I  a n d  GARRETT 2 r epo r t ed  t h a t  
to l e rance  of mic rofung i  to  m y c o s t a t i c  subs t ances  was an  
i m p o r t a n t  f ac to r  in t h e i r  co lon iza t ion  on n u t r i e n t  aga r  
pla tes .  PARK 8 d e m o n s t r a t e d  t h a t  m y c o s t a t i c  subs t ances  
of mic rob ia l  or igin m i g h t  be  ana logous  w i t h  s ta l ing  
p r o d u c t s  of funga l  cul tures .  In  t he  p r e s en t  inves t iga t ion ,  
funga l  f lora f rom rh izosphere  of Len t i l  (Lens esculantum 
Moench)  was s tud ied  in r e l a t ion  to  c o m p e t i t i v e  coloniza-  
t ion  on s ta led  aga r  p la tes  a t  d i f fe ren t  t i m e  in te rva l s .  This  
s t u d y  was s u p p l e m e n t e d  w i t h  t h e  effect  of s t a led  cu l tu re  
f i l t r a t e s  on  g r o w t h  b e h a v i o u r  of microfungi .  

Materials and methods. Rhizosphe re  soil samples  were 
col lected a n d  t h o r o u g h l y  mixed  in asept ic  condi t ions .  

15 ml  s ter i l ized n u t r i e n t  Czapek  aga r  (acidified to p H  4.5 
b y  o r t h o p h o s p h o r i c  acid) were poured  in to  Pe t r i  dishes 
a n d  soil impres s ion  was g iven  over  t h e  whole  agar  surface  
b y  us ing  a f la t  b o t t o m e d  glass beaker .  5 series of p la tes ,  
each  w i t h  5 repl ica tes  were i n c u b a t e d  a t  25 ~z 1~ for 
24, 48, 72, 96 and  120 h and  t h e r e a f t e r  t h e  en t i re  circle of 
aga r  in  each  series of p la tes  was  p laced  ups ide  down a n d  
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