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Utilization of the photosensitized oxidation 
of sulfite for manometric actinometry 

A gas-consuming chain reaction, viz. the aerobic oxidation of sulfite z,-3, which 
provides a magnified manometric response to the chain-initiating events, was applied 
to the assay of milk xanthine oxidase 4. Its utility in this enzymic system suggested 
its possible use in manometric actinometry. Exploratory experiments indicate that 
the photosensitized oxidation of sulfite appears to provide the basis for ultrasensitive 
manometric actinometry. 

Conventional Warburg microrespirometers, shaken at 37.5 °, with air as the gas 
phase, were employed throughout. All reactions were performed in a final volume of 
2.2 ml buffered by 0.05 ° M potassium phosphate, pH 7.8. Solutions were made with 
distilled water from which residual ionic impurities were removed by passage through 
a mixed-bed resin demineralizer. Further control over metallic impurities was 
achieved by addition of 0.005 % Versene Fe-III  and subsequent storage in poly- 
ethylene carboys. Illumination was provided by frosted incandescent lamps varying 
from 7.5 to IOO W which were suspended 4 feet above the bath surface. Illumination 
intensity at the bath surface was estimated with a General Electric photographic 
exposure meter fitted with a dynacell and used as an incident light meter. Manometric 
readings, during dark periods, were taken with the aid of a shielded pocket flashlight. 

A variety of dyes were tested as photosensitizers of the oxidation of sulfite. 
Thionine, phenosafranin, toluidine blue, ravin mononucleotide, methylene blue and 
resazurin tested at a concentration of 0.045 mg/ml were all effective whereas hemo- 
globin, bromthymol blue, gallocyanin, cresol red and phenol red, tested at the same 
concentration, were inactive. In Fig. I the manometric responses to light of flasks 
containing 60/zmoles Na2SO3 and 0.43/,mole resazurin or 0.02/zmole methylene 
blue adsorbed onto 50 mg silicic acid are compared to that of the manometric actino- 
meter of WARBURG AND SCHOCKEN 5. As shown, the resazurin-sulfite system was 
1o times more sensitive and the methylene blue-silicic acid-sulfite system 30 times 
more sensitive than the thiourea-ethyl ehlorophyllide system of WARBURG .AND 
SCHOCKEN. The slow, linear oxygen uptake observed with the dye plus sulfite systems 
in the dark must be subtracted from rates observed in the light to obtain the rate of 
oxygen consumption caused by illumination. The relationship between intensity of 
illumination and the manometric responses of the resazurin-sulfite system and the 
ethyl chlorophyllide-thiourea system are compared in Fig. 2. 

Unfortunately, each of the dyes which was an effective photosensitizer of sulfite 
oxidation was also active as a chain breaker. In consequence, the observed rate of 
oxygen consumption was decreased if the dye concentrations were greatly raised. The 
concentrations of dye which gave maximal manometric response to light were too low 
to assure complete absorption of all light quanta entering the flasks, even at the 
absorption maxima of the dye used and, thus, represent a compromise between the 
number of chains initiated by a given quanti ty of light and the effective length of 
these reaction chains. 

An additional problem was presented by the great reactivity of sulfite. Methylene 
blue and resazurin slowly react with sulfite in the course of a manometric experiment, 
which lasts I h. The methylene blue-sulfite reaction product shows no absorption in 
the visible range ands hence, is inactive as a sensitizer in this assay. Consequently, 
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Fig. I. Manomet r i c  response  to l igh t  by  f lasks  
con ta in ing :  (©) o . io  m g  resazur in  and  60 
/ ,moles  sulfi te in  2.2 ml  of p h o s p h a t e  buffer .  
(A)  o .o2 / ,mo le  m e t h y l e n e  blue, 5 ° m g  silicic 
acid and  6 o / , m o l e s  sulfi te in 2.2 ml  of p h o s -  
p h a t e  buffer.  ([3) 20o m g  th iourea  and  i . o  
/ ,mole  e thy l  chlorophyl l ide  in 2.2 ml  of pyr id ine .  
(O)  6 0 / , m o l e s  sulfi te in 2.2 ml  of  p h o s p h a t e  

buffer.  
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Fig. 2. Re la t ionsh ip  of m a n o m e t r i c  response  t o  
l igh t  i n t e n s i t y  in flasks con ta in ing :  ((D) 0.I m g  
resazur in  and  6 o / , m o l e s  NazSO 3 in 2.2 ml  o f  
p h o s p h a t e  buffer.  ( 0 )  1 .0 /*mole  e thy l  chloro-  
phyl l ide  a and  200 m g  th iourea  in 2.2 ml  o f  

pyr id ine .  

the rate of oxygen consumption observed in a methylene blue-sulfite system was not 
linear with time of illumination but decreased steadily. Adsorption of methylene blue 
onto silicic acid, for which it exhibits a remarkable affinity, greatly retards bleaching 
by sulfite and thus permits a linear rate of gas uptake by the illuminated system. The 
resazurin-sulfite reaction product is a red, strongly fluorescent dye whose activity as 
a sensitizer appears to be the same as that  of the unreacted resazurin. Hence the 
resazurin-sulfite system was observed to give a linear rate of gas uptake under constant 
illumination. Of course, only those wavelengths absorbed by the sensitizers are 
effective in causing sulfite oxidation. 
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