
of renal tubular function will help in  unclerstanding 
the physiology of vitamin D. The experiments re-
ported suggest an interrelationship of the metabolism 
of the polycarboxylic acids and specific renal tubular 
functions. 
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Influence of Hydrogen Ion 
Concentration on Radiation Effects 

Tikvah Alper and M. Ebert 
Experimelttal Radiopathology Research Unit, 

Medical Research Couacil, Hammersmith Hospital, Loltdon 


When ionizing radiation acts on chemical or biologi- 
cal systems by "indirect effect," that  is, through the 
medium of free radicals, the changes are  very often 
oxidations or reductions. I t  is commonly supposed that 
the majority of radiobiological changes are oxidative, 
because the presence of oxygen during irradiation en- 
hances the effects (1, 2). Evidence was presented 

Radiation dose rods x 

earlier by one of us (3-5) that the inactivation of 
phages 513 and T3 by indirect action of radiation is 
due to reduction, so that oxygen in the suspension 
protects the phage, whereas removing oxygen and 
bubbling hydrogen during irradiation enhances "im- 
mediate" radiation effects (6) .  More recently, Bachofer 
and Pottinger (7 )  found a protective effect of oxygen 
on TI, and it  may be that all phages are sensitive, in 
the free state, to inactivation by reducing agents. 

We have shown ( 6 )  that, under electron or x-irradi- 
ation, the mechanisms of hydrogen peroxide formation 
in water and immediate phage inactivation in aqueous 
suspensions can to some extent be regarded as com- 
plementary. Under a wide variety of gas treatments, 
the inactivation of phage proceeded fast& when the 
hydrogen peroxide formed was least, and vice versa. 
We showed that the likely reactions leading to forma- 
tion of hydrogen peroxide and phage inactivation 
could be fitted into a simple theory of radical forma- 
tion and reaction. This theory would lead to a depcli- 
dence on hydrogen ion concentration of the yield fo r  
both oxidative and reductive changes, and we are now 
able to show that in this respect, too, phage inactiva- 
tion and hydrogen peroxide formation proceed in 
complement-ary fashion. 

The pH dependence of these reactions arises from 
the step 

HO, eH*+02-) 

reductive changes being due to the radical ion 0,-, 
so that oxidation yields are increased, and reduc-
tion yields decreased, in more acid solutions. However, 
the extent of reaction with 0,- will depend on pH only 
in the presence of oxygen, since the formation of the 
HO, radical is a preliminary step. As is shown by 
Fig. l a ,  phage is protected against inactivation in acid 

Fig. 1. Survival curves of 
bacteriophage 813, x-ir-
radiated under (a, left)  
oxygen, (b ,  right) hydro- 
gen bubbling, a t  three 
hydrogen ion concentra-

10' 	 tions. 



suspension under oxygen bubbling, whereas in alka-
line suspension radiation effects are enhanced. Under 
hydrogen bubbling there is much less pH dependence 
(Fig. l b ) .  These facts would appear  to  support the 
hypothesis that 0,- radical ions are inactivating agents 
fo r  phage. The pH dependence under hydrogen bub-
bling may arise from the reaction proposed by 
Weiss ( 8 ) ,  

H tE+*Hz+. 

The effects of pH variation on formation and de-
composition of H,02  were reported previously by 
Ebert and Boag (9). As Fig. 2 shows, the equilibrium 
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Fig. 2. Fornlation of H,O, by electron irradiation under 
oxygen bubbling, a t  two hydrogen ion concentrations. 

yield of H20, under oxygen bubbling was higher in 
inore acid solution, indicating that the back reaction 
(decomposition of H,O,) became equal to'the forward 
reaction (formation of H,O,) earlier, in more alkaline 
solution. The formation of H,O, under nitrogen bub-
bling could not be followed by the methods used, be-
cause the yields were not measurable. The effect of 
varying the pH was therefore studied by means of de-
composition reactions, and, as is shown by Fig. 3, 
these were very much slower ill more acid solution. 

Although the dependence of radiation effects on pH 
is well established in radiation chemistry and is to be 
predicted from theories of radical reactions (lo),only 
a few biological systems appear  to have been studied 
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Fig. 3. Decomposition of H,O, by electron irradiation 
under nitrogen bubbling, a t  two hydrogen ion concen-
trations. 

from this point of view (11-13). The nonuniform dis-
tribution, within the cell, of metabolites, enzymes, and 
colloidal matter probably involves local and temporal 
vsdatioms in pH and in bhe eoncentration of dissalved 
substances. I f  radiation-produced radicals are respon-
sible f o r  some effects in the living cell, then a compli-
cated pattern of radiosensitivity is to be expected on 
these grounds alone. 
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Theoretical Rate of Fat Formation by Yeasts 

M. P. Steinberg and 2. John Ordal-

Department of Food Technology, 
University of Illinois, Urbana 

Synthesis of f a t  by microorganisms has interested 
a lluinber of investigators since the early work of 
Lindner (1).W e  recently reported on some studies 
concerning the effect of several cultural conditions on 
f a t  formation by Rhodoto?+ulagl.acilis (2) .  I n  this 
XI-orkthe f a t  content of the yeast was expressed as  a 
weight ratio of f a t  to nonfat dry yeast. When this f a t  
ratio was plotted against time, the curve was a straight 
line after a n  initial lag period. This indicated that the 
cells produced a n  equal quantity of f a t  during like 
intervals of time. Thus the f a t  was produced a t  a con-
stant rate  which was represented by  the slope of the 
linear portion of the curve. We have termed this slope 
the fa t  +-ate;i t  is expressed in grams of f a t  per 100 g 
nonfat d ry  yeast per  hour. It was of interest to  com-
pare experimental f a t  rates with the maximum rate 
theoretically possible. Such a comparison would indi-
cate whether a larger rate of fattening could be ob-
tained as a result of further investigations on this 
problem. 

The relationship between the energy required f o r  
growth of the yeast and that required f o r  synthesis of 
f a t  was the basis used in deriving a theoretical f a t  
rate. Thus, a given rate of growth is evidence of a 
definite rate of energy utilization. I f  this energy were 
applied solely to the formation of fat,  then a corre-
sponding rate  of fattening would be obtained. This 
theoretical f a t  rate was derived as  follows. 


