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Electron spin resonance of non-haem iron in xanthine oxidase 

Tempera ture-sens i t ive  E S R  signals due to iron in reduced xan th ine  oxidase 
were first r epor ted  b y  BRAY, PETTERSSON AND EHRENBERG 1. Later ,  s tudies were made  
on the kinet ics  of the  appearance  and d isappearance  of the  signal 2. I ron  in the  enzyme 
has also been s tud ied  by  magnet ic  suscept ib i l i ty  measurements  1,a, b y  M6ssbauer 
resonance 4 and b y  opt ica l  r o t a to ry  dispersion and circular  dichroism 5. All  the  evidence 
points  to a ve ry  s t rong resemblance between the iron of xan th ine  oxidase and t ha t  
in o ther  non-haem iron prote ins  6, typi f ied  by,  e.g., spinach ferredoxinT, 8. We now 
repor t  on the  E S R  spec t rum of mi lk  xan th ine  oxidase recorded at  hel ium tempera-  
tures.  Similar i t ies  to spinach ferredoxin are confirmed though g values for the  two 
prote ins  are b y  no means  ident ical .  

Xan th ine  oxidase was p repared  ei ther  b y  the method  of PALMER, BRAY AND 
BEINERT 9 or b y  t ha t  of HART AND BRAY 1°. Samples  were reduced anaerobica l ly  in 
E S R  tubes  wi th  t aps  zl. W i t h  long reduct ion t imes using sodium di th ioni te  as reducing 
agent,  m o l y b d e n u m  signals became weak,  which was advan tageous  for examining  
the iron signals. E S R  measurements  were made  on a Var ian  V45o2-I 5 X - b a n d  appa-  
ratus,  b lowing cold hel ium gas through the var iable  t empera tu re  f i t t ing and  measur ing 
the sample  t empera tu re  wi th  a thermocouple .  In tegra t ions  were per formed b y  the  
me thod  of WYARD 12 using copper -EDTA 1 as s tandard .  

/ '  

Fig. i. X-band ESR spectrum of iron in reduced xanthine oxidase at 93 °K (top) and at about 
II °K (below). A weak molybdenum signal can be seen at the higher temperature but has dis- 
appeared, owing to saturation, at the lower temperature. A 4-h reduction with approx. 2o moles 
dithionite per mole enzyme, at pH 8.2 and 25 ° was employed. The sample had an activity per 
A ~5o m~ unit of 60 and was used at a concentration of 0.2 mM. 

The spec t rum of a sample  of enzyme at  bo th  hel ium and ni t rogen t empera tu res  
is shown in Fig.  i .  The iron spec t rum was unchanged,  though somewhat  less intense, 
when purine or sa l icy la ldehyde  was used for reduct ion,  g values  were gz: 2.022, gv: 
1.935, gx: 1.899, which m a y  be compared  wi th  values for spinach ferredoxin~,S, *. 

* D. O. HALL, M. C. W.  EVANS, V. :R. WHATLEY AND J.  F. GIBSON, personal c o m m u n i c a t i o n .  

Biochim. Biophys. Acta, 153 (1968) 721-723 



722 SHORT COMMUNICATIONS 

A plot (Fig. 2) of integrated intensity of the signals against I / T  shows that copper- 
EDTA gives the expected straight line passing through the origin, as predicted by 
simple theory. Xanthine oxidase on the other hand, though it behaves ideally up to 
about 4 ° °K, shows progressively increasing deviations above this temperature. At 
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Fig. 2. Effect of temperature on signal intensity for xanthine oxidase and for Cu-EDTA. [ntegrated 
signal intensities, relative to the values at 15 °K, are plotted against the reciprocal of the absolute 
temperature. The graph on the right shows data at the higher temperatures on an expanded scale. 
Xanthine oxidase was reduced as in Fig. I and molybdenum signals, when observed, were not 
included in the integrations. A and A,  Cu-EDTA at low and high power, respectively; O and II, 
xanthine oxidase at low and high power. Attenuations of microwave power ranging from o to 
35 db were employed depending on the temperature. All results were normalized by multiplying 
by the factor: antilogl0 (db/2o). At some temperatures two power levels differing by not less 
than io db were used to check that  saturation effects were not serious. Measurements above 
77 °K were carried out separately using nitrogen cooling in place of helium. To allow for changes 
in spectrometer sensitivity a correction was applied (3o%) to all the data from the nitrogen 
series to bring the copper results in the two temperature ranges on to a single straight line. 

93 °K the integrated intensity is only about I/3 of the expected value, while the 
signal vanishes completely at about 13o °K*. Integration in the low-temperature 
region indicated that  2-3 of the 8 iron atoms of the enzyme molecule were partici- 
pating in the signal, assuming i unpaired electron per iron atom. However, signal 
development under the conditions of reduction used was not necessarily optimal and 
copper-EDTA is by no means an ideal standard. Hence the participation of more of 
the iron atoms is not excluded. 
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* A sample of spinach ferredoxin prepared as in ref. 8 yielded a plot similar to that  obtained 
for xanthine oxidase up to at least 77 °K. 
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