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An antimicrobial system which consists of 
the neutrophil peroxidase, myeloperoxidase, 
an appropriate oxidizable cofactor such as 
thiocyanate, iodide, bromide, or chloride ions 
and H202 has been described (1-6). The 
antimicrobial effect of the iodide-dependent 
system is associated with, and may therefore 
be a consequence of, the iodination of the 
microorgansims (3 ) . The phagocytosis of 
bacteria by intact leukocyte is associated 
with the conversion of iodide to a form which 
is trichloracetic acid precipitable and water 
insoluble, and the fixed iodide can be local- 
ized radioautographically in the cytoplasm of 
the leukocyte in association with the 
ingested microorganisms (3). The demonstra- 
tion of the iodination reaction in the intact 
leukocyte under these conditions suggests 
that the myeloperoxidase-mediated antimicro- 
bial systems may be operative in the cell. 
Further support for peroxidase involvement 
in the antimicrobial activity of the leukocyte 
comes from studies of H202 generation by 
normal leukocytes (7-1 1) and by leukocytes 
which are defective in bactericidal capacity 
(12-16) and from studies on the abnormal 
fungicidal properties of peroxidase-negative 
neutrophils ( 17). The myeloperoxidase- 
mediated antimicrobial systems are inhibited 
by a number of agents which indude inhibi- 
tors of peroxidase such as cyanide or azide, 
certain reducing agents, alternate iodine ac- 
ceptors, and catalase. The latter substance is 
of special interest since i t  may be present in 
leukocytes and can be formed by a number 
of microbial species. 

The classical distinction between perox- 
idase and catalase is based on the catalysis 
by the former of the oxidation of a number 
of substances by H202, and the degradation 
of H202 by the latter to oxygen and water. 
Catalase can thus compete with peroxidase 

for the available H202 and, as a result, perox- 
idase-catalyzed reactions are, in general, inhi- 
bited by catalase. This distinction between 
peroxidase and catalase, however, is not abso- 
lute. Keilin and Hartree (18, 19) first 
demonstrated that catalase can catalyze the 
oxidation of a number of substances by H202 

if the concentration of H202 is maintained 
at  low steady-state concentrations. Under 
these conditions, the oxidizable substance can 
successfully compete with H202 for oxidation 
by the H202-catalase enzyme-substrate com- 
plex. The usual decomposition of HzOz by 
catalase is due to the high affinity of the 
H2Q2-catalase enzyme-substrate complex for 
H202. The ability of catalase to utilize H202 

in peroxidatic reactions prompted a study of 
the microbicidal activity of catalase. 

Materials and Methods. Lactobacillus ac- 
idophilus (ATCC No. 4357) was grown on 
Lactobacillus Selective (LBS) medium and 
broth [Baltimore Biological Laboratories 
(BBL) Baltimore, Md.] and Escherichia COG 
( ATCC No. 1 17 75) , Staphylococcus aweus 
(strain 502A), Serratk rnarcescens, and Can- 
dida tropicalis on Trypticase soy agar and 
broth (BBL). A 16-hr culture in broth was 
washed 2 times with water and suspended in 
water to the required absorbency at 540 mp 
just prior to use. The microorganisms were 
incubated with the components indicated in 
the legends for 60 min a t  37' in an Eberbach 
water bath shaker oscillating 120 times per 
min and the viable cell count was determined 
by the pour plate method as previously de- 
scribed (3). The crystalline beef liver cat- 
alase (Worthington Chemical Corp., Free- 
hold, N.J.; 53,5160 units/mg) and glucose ox- 
idase (Sigma Chemical Co., St. Louis, Mo.; 
Type V, 4 mg and 870 units/ml) were di- 
alyzed overnight against water prior to use. 
Galactose oxidase (20 units/mg) was ob- 
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T A B L E  I. Antimicrobial Effect of Catalase." 

Viable cell count (organisms/ml) 

Supplements 
S. L. S. C. 

aweus  acidophilics E .  coli marcescens tropicalis 

None 
Catalase + iodide + glucose + glu- 

cose oxidase 
+ iodide + glucose 
+ iodide + glucose oxitlase 
+ glucose + glucose osidase 

Iodide + glucose + glucose osidase 
Catalase + iodide + glucose + glu- 

Catalase (heated) + iodide + glu- 
cose oxidase (heated) 

cose + glucose osidase 

2.4 X 10" 4.5 X 10" 4.3 X 10" 3.2 X 10" 2.6 X 10' 
3.0 x 103 0 2.0 x 1 0 2  8.0 x 104 1.0 x 1 0 2  

1.9 X l o e  3.2 X 10" 5.0 X 10" 4.0 X 10" 1.1 X l o 5  
1.7 x 10" 1.4 X 10" 3.6 X 10" 5.6 X l o e  1.5 X 10.' 
2.0 X 10" 3.9 X 10" 2.7 X 10" 3.6 X 10" 9.3 X 10' 

2.1 X l o6  4.0 X 10e 4.2 >< 10" 3.8 X l o o  1.9 X 10' 

2.7 x 10" 3.2 x 10s 4.7 'x 10" 5.2 X 10" 1.1 X 10" 

2.4 X 10" 4.9 X 10" 5.3 X 10" 4.2 X 10" 2.3 X lo6 

" T h e  reaction mixture contained sodium lactate buffer, pH 4.5, 30 pmoles (pH 5.0 for  S. 
marcescens) ; S. azireus, 2.6 X 10" organisms/ml; L. acidophilzis, 4.6 X 10" organisms/ml; 23. 
coli, 4.8 X 10" organisnis/ml; S. ninrcescens, 4.0 X lo6 organisms/ml; C. tropicalis, 2.5 X lo5 
organisms/nil, water to a filial volume of 0.5 1111 and the supplements as follows: catalase, 22 p g ;  
sodium iodide, 0.01 pniole (0.1 pniole for  C. tropicalis) ; glucose, 5 pmoles; glucose oxidase, 0.004 
pg. Catalase and glucose osidase were heated a t  100" for 10 rnin where indicated. 

tained from Worthington Chemical Corp. 
Results. Data in Table I demonstrate the 

bactericidal and fungicidal effect of catalase, 
iodide, glucose, and glucose oxidase and indi- 
cates the requirement for each component of 
the reaction mixture. Lactate buffer, pH 4.5, 
was employed when S. aureus, L. acidophilus, 
E .  coli, or C. tropicalis were the test organ- 
isms. However, when s. marcescens was em- 
ployed, buffer at  pH 5.0 was used because of 
the fall in viable cell count observed at  the 
more acid pH in the absence of any addi- 
tions. A higher concentration of iodide (0.1 
pmole rather than 0.01 pmde/0.5 ml of reac- 
tion mixture) was required when C. tropicalis 
was the test organism. The antimicrobial 
effect of catalase, iodide, glucose, and glucose 
oxidase was decreased by preheating either 
catalase or glucose oxidase a t  100' for 10 
min. Glucose and glucose oxidase could be 
replaced by another H202-generating enzyme 
system (galactose and galactose oxidase) but 
not by reagent H202 (0.1-0.00001 pmole) 
added in toto at the beginning of the incu- 
bation. 

Curves in Fig. 1 demonstrate the effect of 
pH on the antimicrobial effect of catalase. E .  

coli was employed as the test organism. Simi- 
lar results were obtained with the other orga- 
nisms although there were some differences in 
acid sensitivity. E .  coli was unaffected by 
incubation for 60 min in buffer at  pH levels 
between 4.0 and 7.0 in the absence of the 
catalase-mediated antimicrobial system. The 
viable cell count fell, however, when the pH 
was decreased below 4.0. When catalase, io- 
dide, glucose, and glucose oxidase were added 
to the reaction mixture, a bactericidal effect 
was observed at  pH levels below 5.5 with 
complete killing at  pH 4.0. The catalase- 
iodide-glucose-glucose oxidase antimicrobial 
system was inhibited by azide, cyanide, ascor- 
bic acid, reduced glutathione, cysteine, 3- 
amino-l,2,4-triazole, methimazole, propylthio- 
uracil, ergothioneine, thiocyanate, thiosulfate, 
formate, ethanol, NADH, NADPH, and tyro- 
sine at  a final concentration of 0.001 M 
(Table 11). 

Discussion. The properties of the catalase 
and peroxidase-mediated antimicrobial sys- 
tems have certain similarities and differences. 
Both systems have an acid pH optimum, 
require H202 and they have a number of 
inhibitors in common. Myeloperoxidase and 
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PH 
FIG. 1. Effect of pH: the reaction mixture contained 

either lactate (pH 3.0-6.0) or phosphate (pH 6.5-7.0) 
buffer, 30 pmoles; E .  coli, 4.4 X lo6 organisms/ 
ml; and water to a final volume of 0.5 ml. One 
half of the tubes contained no further additions 
(-O-), and the remainder (-0-) the complete 
antimicrobial system as in Table 1. 

lactoperoxidase, however, are considerably 
more effective than catalase as the catalyst of 
the iodide-dependent antimicrobial system. 
When catalase is employed, the H202 gener- 
ating system cannot be replaced by reagent 
H202 added in toto at the beginning of the 
reaction which suggests that, as with other 
peroxidatic reactions catalyzed by catalase, 
the catalase-mediated antimicrobial system 
requires the maintenance of low steady-state 
concentrations of H202. Reagent H202 can be 
employed in the peroxidase-mediated sys- 
tem. I t  is presumed that the antimicrobial 
effect of catalase under these conditions is 
due to the conversion of iodide by peroxida- 
tion from a weak to a strong antimicrobial 
agent. A similar mechanism has been pro- 
posed to account for the antimicrobial effect 
of the peroxidase-iodide-H202 system ( 3 ) .  

The antimicrobial effect of the proxidase- 
mediated system is associated with the io- 
dination of the microorganisms ( 3  ) . Similarly, 
crystalline catalase can catalyze the iodina- 
tion reaction at  acid pH when combined 
with iodide ions, a Ha02 generating system 
such as glucose and glucose oxidase and a 
suitable iodine acceptor molecule. 

I t  should be emphasized that catalase un- 
der most experimental conditions, e.g., in the 
presence of relatively high concentrations of 
H202 or a t  pH levels above 5.0 would be 
expected to inhibit H202-dependent antimi- 
crobial systems. However, since the condi- 
tions of pH and H202 generation which are 
believed to be operative in the intact leu- 
kocyte following phagocytosis (7-1 1, 20) 
may closely approximate the optimum condi- 
tions for the catalase-mediated antimicrobial 
system, it cannot be assumed that catalase 
formed either by the leukocyte or by the 
ingested microorganism would have an inhibi- 
tory effect on a Ha02-dependent antimicrobi- 
al system in the intact cell. Indeed, catalase 
may contribute to the antimicrobial effect. 

Summary. Crystalline catalase exerts an 
antimicrobial effect when combined with io- 

TABLE 11. Effect of Inhibitors." 

Viable cell count 
Inhibitors ( organisms/ml) 

None 
Azide 
Cyanide 
Ascorbic acid 
Reduced glutathione 
Cysteine 
3-Amino-1,2,4-triazole 
Me thimazole 
Propylthiouracil 
Ergothioneine 
Thiocyanate 
Thiosulf ate 
Formate 
Ethanol 
NADH 
NADPH 
Tyrosine 

7.0 x ioz 
3.4 x 10' 
3.7 x 10' 
2.4 X 10" 
2.2 x 10' 
2.3 X l o 6  
5.7 x lo6  
2.2 x 10' 
2.0 x 10' 
2.5 X 10' 
3.1 X 10" 
3.2 X 10' 
3.5 x 10' 
1.9 x l o*  
2.6 X 10' 
4.0 X 10' 
2.0 x 106 

~~~~ 

a The reaction mixture was as described in Table 
I except tha t  E .  coli, 4.2 X lo6  organisms/ml was 
eniployed and tlie in1iil)itors (0.5 cLtriole) were ad- 
ded as indicated. 
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dide ions and a H202 generating system. The 
antimicrobial effect is optimal a t  pH levels 
below 5.0 and is inhibited by azide, cyanide, 
ascorbic acid, reduced glutathione, cysteine, 
3-amino- 1,2,4-triazole, methimazole, pro- 
pylthiouracil, ergothioneine, thiocyanate, thi- 
osulfate, formate, ethanol, NADH, NADPH, 
and tyrosine. The influence of catalase, of 
either leukocytic or microbial origin, on the 
antimicrobial activity of the leukocyte is con- 
sidered. 
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