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INTRODUCTION 

The production of HaO t by irradiation of aqueous solutions has been demonstrated 
by RISSE x, FmCKE t, ', and BONI~T-MAURY AND LEFORT 4. EVANS 5 observed that some of 
the deleterious effects of x-radiation on Arbacia sperm could be duplicated by solutions 
of I-~O a of the same order of concentration as produced by x-radiation of sea water 
(lOO ooo r). On the other hand, BARRON, FLOOD, AND GASVODA s were unable to demon- 
strate the presence of I-~O t in sea water irradiated with x-rays (zoo ooo r). This result, 
together with the observation that catalase failed to protect sperm from the action of 
irradiated sea water, led these workers to postulate that inhibition of Arbacia sperm 
respiration is due to the action of stable organic peroxides which are produced by 
x-radiation. 

SHERMAN AND CHASE ~ reported experiments which suggest that the primary effect 
of x-radiation on anaerobic CO~ production by yeast is also due to irradiated water 
products. Theproduction of HtO t by ionizing radiations has been postulated by LoIsE- 
LEUR, LATARJET, AND CAILLOT 8 and LOISELEUR AND LETARJET' as being the primary 
effect of irradiating aqueous solutions. In the present paper experiments are reported 
in which suspensions of yeast cells were incubated in aqueous solutions of HtO t at 
concentrations approximating that of irradiated media (EvANs et aL t°, BON~T-MAURY 
AND FRILLEY u) to determine what, if any, role HtO t plays in the indirect action of 
x-rays on yeast cells. Evidence is presented which indicates that I~O t at these concen- 
trations inhibits anaerobic CO t production of yeast. However, the data on dilution 
effects suggest that I'IsO t may not actually be the primary agent involved in x-irradiation 
of yeast cells suspended in M/I5 KHtPO~. Under the conditions employed I-L~O t has 
little or no effect on cell division in this strain of yeast. 

PROCEDURE 

The yeast used in these experiments was derived from the strain used in the previous 
experiments (SHERMAN AND C~ASElS). It Was cultured in READER'S medium xs supple- 
mented with glucose and biotin as described previously It, and in a nonsynthetic medium 
having the following composition: KHtPO4, 2 g; MgSO~, x g; peptone, 5 g; 85% lactic 
acid, 3.8 inl; yeast extract (Difco), o.x g; glucose, 20 g; distilled HtO, I liter. The non- 
synthetic medium of NICKERSON AND CARROLL 14 was also employed. After a 48-hour 
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incubation period at 3 °0 C the yeast was harvested, washed and brought to standard 
density as previously described tt. The c.~U suspension was dispensed into small erlen- 
meyer flasks, and H,O or HtO t added. After varying periods of incubation at 3 °0 C, 
aliquots were removed for the determination of anaerobic COt production and cell 
Colznts tt. 

RESULTS 

A. Anaerobic CO 2 production 

Effect o] 1"120 , concentration on anaerobic COs production. A measurable effect of 
I-I,O, on anaerobic CO s production by yeast is produced by concentrations as low as 
2.1o "4 g/ml. Concentrations of HzO z of this order of magnitude have been shown to be 
produced by  x-radiation of wate# t. Increasing the concentration to 4.1" IO-* g/ml and 
1o. 3- zo -6 g/ml reduced the amount of anaerobic COt produced by yeast as shown in 
17ig. X. 
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Fig. z. l~f~ect of HsO z concentration on anaerobic CO z production. Incubated 4 hours z t  3o ° C 

This distribution suggests that  the relationship between the concentration of I-ItO t 
and inhibition of anaerobic COi production may be linear. 

Inhibition o~ anaerobic CO~ production by H, Ot as a/unction o/ time. Hydrogen 
peroxide does not inhibit anaerobic COt production in yeast immediately after its 
addition to the cell suspension. At least thir ty  minutes must elapse before HzO t has 
an appreciable effect on anaerobic CO t production. Incubation periods of 30 and 60 
minutes at 3 °0 C resulted in intermediate effects (Fig. 2). At the end of the incubation 
period the vessel and contents were flushed with nitrogen while shaking in the 3 °0 bath 
as previously described it. Glucose was tipped into the main compartment and the 
anaerobic CO t production followed for 9 ° minutes. In every instance the rate of CO~ 
production remained constant throughout the observation period. 

The maximum inhibitory effect of HzO 2 appeared to be reached between three and 
four hours of incubation. These results confirm the observations of EVANS et a/. z° and 
EVAN@ on the effect of H~O 2 on Arbacia sperm. 
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Density o/Cell Suspension. Increasing the number of cells per ml appears to have 
no protective effect against the action of H20 v If H~Ot is the primary inactivating agent 
in aqueous solutions subjected to large doses of x-radiation (LoIsELEUR e$ a/. s) these 
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Fig. 2. Inh ib i t ion of anaerobic CO I production by  4.x, xo -6 g HsOt/ml after various periods of incu- 
bat ion at  3 °o C. Glucose was axtded at the end of the incubation period. 

results would not be expected in view of our earlier observations on the influence of 
dilution in irradiated yeast suspension (SHERMAN AND CHASET). The fact that the effect 
of H~O~ on the anaerobic CO S production of yeast suspensions appears to be independent 
of the cell density suggests that HaO 2 is not the primary agent in inhibiting fermentation 
in irradiated yeast suspensions. 
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Fig. 3. Effect of cell density on inhibition of anaerobic CO i production by HtO s. Open circles. 
4.x. xo 4 g H t 0 t / m l .  Ha l f  sol id  circles  2.0. zo 4 g H t 0 t / m l  
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Composition o[ the cul~ur6 medium. In the experiments described above, the yeast 
cells were grown in supplemented READER'S medium ts. Hydrogen peroxide was found 
to be without measurable effect on the anaerobic CO S pr6duction of yeast grown in non- 
synthetic media containing peptone and yeast extract. These data are summarized in 
Table I. These results are similar to the earlier observations of SHERMAN AND CHASE 7. 

T A B L E  I 

PERCENT INHIBITION OF ANAEROBIC C O s  BY HtO t ( 4 . I . I o  -6 g/nil) 
OF YEAST GROWN IN VARIOUS MEDIA 

N I C K E R S O N  Peptone-Yeast  
Expe r imen t  No. Suppl.  READER'S 

AND CARROLL* extract  medium 

x 2 4 o 5 

2 2 5 2 3 

* Medium devised by  NICKERSON AND CARROLL 14 

They showed that the anaerobic C02 production of yeast grown in supplemented 
READER'S medium was inhibited by the action of x-rays; whereas fermentation of 
glucose by the same yeast grown in a medium containing peptone and yeast extract 
was not inhibited by similar doses of x-rays. 

B. The effect of H~Oz on colony formation. 

Cell division by yeast to form new colonies was not markedly inhibited by H20 s 
at the concentrations employed. The percentage inhibition of colony formation by 
H20 ~ at various cell densities is shown in Fig. 4. 

This distribution indicates that the effect of HzO z is independent of the number of 
cells present in the range between 3" lO6 cells/ml and io ~ ceils/m1. The high values ob- 
tained at the lowest densities are probably not significant because of the relatively large 
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Fig. 4. Effect of cell densi ty  on inhibit ion of colony format ion by  I ~ O  s. Circles. 4 .z .xo  -s  g 
HsOt/ml.  Squares  2.0. io  -4 g HtOs/ml 
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error inherent in the counting method.  Moreover, the observation that  4.1.1o -6 g 
HzO~Jml has no greater effect than 2.0. lO -6 g H~OJml suggests that  these concentrations 
of HlO~ have little if any effect oft colony formation. 

DISCUSSION 

Increasing the concentration of H20 , results in a corresponding decrease in the 
amount  of anaerobic CO, produced b y  yeast.  However,  enlarging the number of sites 
to be inactivated (i.e., increasing the number  of cells per ml) by  a factor of two or three 
apparent ly has no effect on the level of inhibition of anaerobic CO, production. This 
can be interpreted to mean that  the loci at  which H,O2 may  react are, relative to the 
number of H20 , molecules present, few in number.  Comparing the effect of increasing 
the number of cells in the H,02 experiments  with the results obtained by  increasing the 
cell density in the x-radiation experiments ' /suggests  t ha t  H20 ~ is not the pr imary agent 
in the production of "indirect" effects. This point of view is supported by  the experi- 
ments of BARRON AND DICKMAN 15 which showed that  only a partial  reversal of irradiation 
induced inhibition of purified phosphoglyceraldehyde dehydrogenase could be effected 
by  glutathione. DALE, GRAY, AND MEREDITH TM have recently reported that  purified 
carboxypeptidase was not inhibited by o.I M H20 ,. During the irradiation of aqueous 
solutions with x-rays, "act ivated water"  products are being produced and destroyed 
continuously (WEISS x'/, 18, DAINTON TM, ALLENg"0). The concentration at any moment  may  
be small due to the short half life of most of these compounds. I t  appears probable 
that  some of these products are more reactive than ordinary H~02 for short periods. 
This relatively greater reactivity would have the effect of increasing the number of 
compounds to which energy could be transferred. In  irradiated yeast suspensions then, 
increasing the number of sites (increase in cell density) at  which reaction with act ivated 
water products could take place, would result in a proport ionately much greater sumber 
of opportunities for highly reactive products to be captured.  

Growing this yeast  in a nonsynthetic medium containing large amounts of peptone 
and yeast  extract  appears to change the character of the yeast  cell so as to protect the 
enzymes associated with fermentation from the action of I-I~O~. This is similar to the 
results obtained with x-radiation (SHERMAN AND CHASE "/, IS). When this yeast was 
grown in supplemented READER'S medium, yeast  cells were produced which were sensi- 
tive both to the action of H20 z and x-radiation. SHERMAN AND CHASE'/ have discussed 
some of the factors which may  account for this difference in behaviour. 

The small effect of HaO z on colony formation b y  this yeast  (Fig. 4) suggests tha t  
cell division mechanisms are not completely dependent  upon fermentation processes 
as their source of energy. Cell division proceeds, apparent ly  normally, in Hz02 treated 
cells in spite of a 20-25% reduction in glucose ferment ing capacity. 

SUMMARY 

Under certain conditions of growth HtO,, at concentrations of the order of 2 to 4" xo-¢ g/ml, 
inhibits the anaerobic CO I production of yeast. This inhibition by HsO I is independent of the cell 
density. The fact that increasing the cell number does not confer protection against the action of 
H~O s suggests that HlO s may not be the only active agent in irradiated yeast suspensions. Finally, 
HtO s at the concentrations employed has only a small effect on colony formation. 

Re/erences p. 574. 

37 



574 F .G.  SHERMAN VOL. S (195o) 

R~-SUMt 

Dans certaines conditions de culture, HtO t A des concentrations de l 'ordre de 2 ~ 4" lO-e g/ml 
inhibe la production ana6robique de CO t pax la levure 6tudi6e. L'inhibition pax HaO t e s t  ind~pendante 
du nombre de cellules. Le fait que l 'augmentation du nombre de cellules ne donne pas de protection 
contre l 'action de HtO t fa i t  penser que HtO 2 n 'est  pas le seul agent actif dans les suspensions irradi~es 
de la levure. De plus HtO 2 A la concentration employde a seulement peu d'effet sur la formation des 
colonies. 

ZUSAMMENFASSUNG 

Unter  gewissen Wachstumsbedingungen hemmt HtOt, in Konzentrationen v o n d e r  Gr6ssen- 
ordnung 2 bis 4" 1o-6 g/ml. die anaerobe COt-Produktion der Here. Diese Hemmung durch HtO t i s t  
yon der Zelldichte unabhAngig, Die Tatsache dass eine vergrbsserte Anzahl Zellen keinen Schutz 
gegen die Wirkung yon HtO s gewil.hrt, l~sst daxauf schliessen, dass HsOt nicht das einzige aktive 
Agens in bestrahlten Hefesuspensionen sei. Endlich hat  I-I~O t in den verwendeten Konzentrationen 
nur wenig Einfluss auf die Bfldung yon Kolonien. 
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