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INTRODUCTION

I n undkrtakino the present in\t5btigation we wished to discover, for pur
poses of comparison in physiolopical function, the quality and exte^'t of any 
differences between the biocatalysts—so indispensable to the life of organ
isms—in certain low marine forms and those in stime terrestrial forms studied 
by other writers.

Catalasc is of almost universal distribution throughout animal and plant 
forms, the only exceptions being certain anaerobic and thermostable organ
isms of low order. I t  is believed by many to be connected in some waj’ with 
respiration and other metabolic activities, as well as with the general health 
and vigor of organisms (Miller, 1931). The enzjTne and its source were first 
noted by Schoenbein (1863), who found that all tissues of plant and animal 
origin with which he worked decomposed h3'drogen peroxide j'ielding molecu
lar oxygen. Loew (1901) carried the investigation of cat«la«e much farther 
and gave it its name. A great number of investigators have recorded studies 
on various phases of the behavior of catalase; in this paper, attention is di
rected merely to some recent outstanding work on the subject. Morgxilis, Be- 
ber, and Rabkin (1926, 1927) in a series of papers treat the subject of the 
catalase reaction with some tlioroughness. Okey (1922) has contributed a 
valuable paper on the same subject. These investigators also give a number 
of references. Mention will be made later of some of their findings.

The California mussel, M yiilus californianus (Conrad), was selected for 
this work. Being a cold-blooded form, belonging to one of the lower animal 
phyla, it should furnish adequate material for comparative physiological 
studies with some of the investigations on terrestrial vertebrates by other 
writers. M ytilus calif ornianus is abundant locally and along the Pacific Coast 
(Johnson and Snook, 1927). Large clusters of the mollusks can be gathered 
from the piles supporting tJie pier at the Scripps Institution. The animals live 
indefinitely in cement aquarixim tanks supplied with well aerated, running 
sea water, which contains sufficient numbers of planktonic organisms to sup
ply food.

Dr. Florence 0. Austin made a preliminary study of the enzymes in this 
mussel at the Scripps Institution before the present investigation was under
taken and her work has formed the baais for our further study.
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METHODS

The tissues of the animals, or certain organs, were removed from the valves, 
drained of excess sea water, and weighed to 0.1 gm. exclusive of byssus. Sand, 
purified by heating with a mixture of concentrated sulfuric acid and potas
sium dichromate, then thoroughly washed with distilled water, and finally 
dried in an oven at 120° C, was used in macerating the tissue in a mortar in 
the presence of a small amount of distilled water or, occasionally, phosphate 
buffer at pH 7.0. In the experiments on rate curves for different tissues, this 
mass was allowed to stand for five or six days in a constant temperature room 
at 19“ C. Later it was found that equally efficacious extraction resulted when 
the time of standing was shortened to a day or two or only overnight.

After standing, the extract was filtered through fairly coarse-pleated filter 
paper. Distilled water or buffer solution was then added, depending on which 
had been used for extraction. The ratio of final volume of fluid to weight of 
tissue was uniformly 10 to 1. This will be referred to as a 10 per cent extract. 
Toluene was added as a preservative. When not in use the supply of extract 
was kept in a refrigerator at about 0° C, unless otherwise specified. Any va
riations in technique will be mentioned in the text.

The principle of the method for determination of the activity was that 
used by Okey (1922) wherein catalase is allowed to act upon an excess of hy
drogen peroxide and the excess of the latter remaining is titrated at any 
chosen time with standard potassium permanganate in acid solution. A speci
fied quantity of Mallinckrodt’s 3 per cent hydrogen peroxide was adjusted to 
the pH value desired with dilute alkali. A given voliune of tissue extract con
taining the catalase was delivered into the hydrogen peroxide solution by 
pipette, a stopwatch was at once started, and the contents in the vessel were 
thoroughly mixed by quick swirling. At the end of the desired interval, 10 cc. 
of 10 per cent sulfuric acid were poured into the mixture to stop the reaction, 
and the mixture was titrated with standard potassium permanganate. Con
trols were run parallel to each experiment on an equal portion of the tissue 
extract that had previously been heated to boiling in order to destroy the 
enzyme. The procedure otherwise was exactly the same and was carried out 
simultaneously.

CATALASE IN DIFFERENT ORGANS

From several animals, ranging in length from 10 cm. to 14 cm., the digestive 
diverticula, gills, and mantle were removed and grouped respectively in 
separate containers. From another group of animals of the same range of 
length, the retractor muscles, the gonads, and the viscera, including the heart, 
were removed and similarly segregated. Distilled water was used in prepar
ing a 10 per cent extract of each group of organs in the manner described.

To 1 ml. of neutralized 3 per cent hydrogen peroxide solution were added 9 
ml. of distilled water and 2 ml. of the extract containing the enzyme. The pH 
for all such mixtures, as determined by means of La Motte color standards, 
was 6.2. The reactions were carried out with controls at 19.0 i :  0.2° C in a con-





f?ated, and weighed. Ten per cent extracts, using phosphate buffer p ll 7.0, 
were prepared as described above. After standing at 19° C in a constant tem
perature room over night, the extracts were filtered. To 2 cc. of a 3 per cent 
neutralized hydrogen peroxide solution were added 6 cc. of distilled water 
and 2 cc. of extract. The same was done for the controls. The reactions were 
allowed to proceed for a period of exactly two hours and were carried on more 
or less simultaneously. Results are shown in table 1. The pH of the mixture 
is given in the second column of the table. Two slight divergences from the 
value of 6.8 appear, but the method used to determine the p ll is only accurate 
to about 0.1 of a unit.

TABLE X

BtXATivK A cT ivrrY  o r  CataIaABE rB o u  B irn tM tN T  T is s i r r ^

TiM U «

Digestive diverticula.....
Intestines and heart.......
Gonads .............................
O ill.....................................
F oo t...................................
R etractor tnuscles..........
M antle ............................

pH of tnixturi)

6.7 
(1.8
6.8 
6.8 
6.8 
6.8 
6.9

M(. H/0> 
rainaining: 

extract

1.5 
0.9 

31.5 
34 7 
37 5 
43,7 
46.4

M(. »>C>t 
ranuininf: 

oontrul

54.7 
63 9 
53 8
53 9
54 0 
53 9 
54.0

Diffsitinf!*: 
m*. HiOi 

dfKMimpoxra

53.2 
53 0 
22 3
19.2 
16.5
10.2 
7.6

The maximum catalase activity occurred in the extracts prepared from the 
digestive diverticula, and from the intestines and the heart (see table 1). It 
is possible that the gonads might show a different catalase activity according 
to age and maturity, as was found for certain seeds in the work cited by Mil
ler (pp. 779 ff.).

Both the retractor and the foot muscles are of relatively low blood content. 
The mantle also, in the adult animal, is mostly heavy, muscular tissue. These 
organs show a lower catalase activity, while in the highly vascular digestive 
diverticula and the intestines and the heart a relatively high catalase activity 
obtains. The gills occupy an intermediate position. They are “breathing” 
organs, that is, the oxygen intake occurs a t their surfaces; and they are gen
erously supplied with blood. I t might therefore have been expected that they 
would show a higher catalase activity than they did. However, no microscopic 
examination was made to ascertain the amount of blood present at the time 
when the gills were excised and considerable blood may have been lost during 
the operation, while this would not be likely to occur in removing the digestive 
tract because of differences in structure.

The data indicate that, though catalase is found in all the tissues, it is pres
ent in greater quantities in the circulatory fluid.

Inactivation of the catalase extract on standing.—Beef-kidney extract pre
served by chloroform was kept by Morguiis, Beber, and Rabkin (1926) in 
a glass-stoppered bottle, and stored in the dark when not in use, for two 
years. In all this time they observed no loss in the catalase activity of the ex
tract. Morguiis and Beber (1927) report that, after three years, the same



catalase preparation had suffered no loss of activity. In our work with mussel 
extract, however, we found that our catalase preparations, obtained in a simi
lar manner but preserved with toluene instead of chloroform, became inacti
vated in only a few days, even when kept in the dark at 19° C.

TABLE 2 
Lo8B or  A c t i v i t y  o n  8TA,NiiiNa

Days aft«r prepar»lioa
Mg. HK)« 

remiuaiog: 
extract

Mu, HiO, 
remamiiiA: 

ointnjl

DiSsrenM!: 
m*. HiOi

dooompaMid

1 .................................... 11.0 54,0 43 0
2....................................... 17 4 63.9 36.5
3 ....................................... 22,6 54.2 31.6
4....................................... 24,6 54.2 29.0
5...................................... 27,5 54 0 26.5
6 ....................................... 29,7 53.4 23.7
7..................................... 32,1 53.1 21.0

10...................................... :w,5 52.7 16.2
11....................................... 39,2 52.1 12 9
13....................................... 42 4 51.6 9.2

TABLE 3
P aeP A iA T io tr or E x t r a c t  f o r  OPTiMirM pH SnrD Y

Number O .  of .107 N 
NbOH

Co. of .107 N 
HCl Co. of HiO pH

1........................................ , 0 0 7.0 6.6
2 ............................ .......... 1 .0 0 6.0 6.8
3 ....................................... 2 .0 0 5 0 7.0
4....................................... 4 .0 0 3.0 7 .2
5........................................ 6 .0 0 2 .0 7.4
6....................................... 6 .0 0 1 .0 8.4
7....................................... 6 .5 0 1.5 8.1
8....................................... 6 .5 0 0.5 8.8
9........................................ 7 .0 0 0 9.0

10............................................. 0 2.0 5 0 6.4
11............................................. 0 3.0 4 0 6.2

0 6 .0 1 0 6.0
13........................................ 0 7.0 0 5 6

Cc. of .S N
HCl

14................................... 0 2.0 5.0 3 4
15....................................... 0 3.0 ■4.0 2 .4

A 10 per cent extract of the moist tissue from whole animals was prepared, 
with the use of a Sorensen phosphate buffer, pH 7.0 (Clark, 1928), The ex
tract was allowed to remain overnight in a constant temperature room at 
19° C. I t  was then filtered and a portion heated to the boiling point Both the 
boiled and unboiled portions were maintained at the temperature of 19° C. 
Each day 5 ml. of this extract were added to 2 ml. of a hydrogen peroxide 
solution at a pH of 6.8, the pH of the extract. A control was run simultane-





most from the line also deviate most from the curve of figure 3a. Such a rela
tionship may be expressed by the exponential fiuiction

y  —

in which e is tJie base of the natural system of logarithms and a and b are con
stants. Using the method given by Lipka (1918), a and h are found to be re
spectively 48.47 and — 0.12, and the equation becomes

y  =

We are inclined to believe that this empirical equation has a fundamental 
significance. I t is of course only an indirect indication of the process that re
sults in the inactivation of the enzyme. If we assume that the amount of HjO* 
decomposed is a direct measure of the quantity of enzyme present, the fore
going equation for catalase degeneration represents a reaction of <̂he first 
order.

Morgulis (1931) showed, with catalase from beef kidney, that if tlie buffer
ing action is sufficient “the catalase reaction becomes directly proportional to 
the concentration of the enzj’me and independent of the hydrogen peroxide 
concentration.” This would justify our assumption. The concentration of 
hydrogen peroxide in our experiment w’as alwut 0.2 M and the buffer concen
tration used in preparing the extract was 0.07 M. More experimental work is 
needed on the inactivation of mussel catalase and is now in progress.

THE COMPARATIVE ACTIVITY OF THE CATALASE IN THE 
EXTRACT FROM YOUNG AND MORE MATURE ANIMALS

It has been suggested, on the basis of experiments (Miller [1931], pp. 779 
ff.), that catalase is closely connected with respiratory and various other 
metabolic processes that occur in the living organism. If the metabolic rate is 
greater in young mussels than in tJiose more mature, as has been shown for 
warm-blooded vertebrates, it might therefore be expected tJiat the relative 
activity of the catalase would be higher in the former. To test this hj-pothesis, 
activity curves were obtained for catalase from both young and old animals.

The tissue was removed from the valves of a number of young mussels, the 
over-all length of which varied from 1.4 cm. to 4 cm., and extracted with a 
phosphate buffer at pH 7.0. After standing at 19° C for two days the solution 
was filtered and a 10 per cent extract was prepared.

The curve showing the rates of reaction was obtained by the procedure 
previously given. The solution had a p ll of 6.9. Controls were always run. The 
work was repeated for more mature animals, the over-all length of which was
11 cm. to 14 cm.; the time of extraction, the buffer used, the quantity of buffer 
added per unit weight of tissue, and all other factors were identical with those 
used in the experiment with the young animals. The reaction mixture had a 
pH of 6.8. The two resulting curves are sliown un figure 4. The curve obtained 
for the young animal extract rises to a greater maximum tJmn that for the 
more mature animal extract.







first run into the water and this solution waa mixed quickly with the extract. 
In order to minimize possible inactivation of the enzyme before the substrate 
was introduced, these solutions were always freshly prepared. A boiled por
tion of each preparation was later used as a control. In every experiment the 
hydrogen peroxide solution was brought to the same pH value as that of the 
preparation, and the pH value of the mixture always proved the same as that 
of the original hydrogen peroxide solutions and prepared extracts.

The results are shown in figure 5. The data were obtained as rapidly as pos
sible in the course of three days. The optimum appears at pH 6.8, but the indi
cator method used is not without slight inaccuracies, and the error caused by 
the presence of dissolved salts and protein suspension is probably sufficient 
to produce a shift. No corrections w’ere made for these factors. The curves, 
however, show the general behavior of the enzjTne under the conditions given. 
I t  is to be noted that the activity of the enzyme lessens rapidly on tlie acid side 
of neutrality, whereas on the basic side tlie change occurs more slowly. I t 
should be recalled that catalase preparations standing at room temperatures 
undergo a decrease in activity, as shown in figure 3. The objection may be 
raised that in these studies of the optimum pH for catalase activity, the in
vestigation was carried on over a period of three days and that in this inter
val a certain fraction of the catalase may have become inactivated, thus mis
representing the course of the true curve. In view of this possibility, and since 
it was not practicable to carry out all the measurements in a shorter interval 
of time, the catalase extract was stored at 0® C instead of at 19° C, which 
greatly decreased the rate of inactivation, and those points on the curve which 
are most significant, namely, from pH 6.6 to pH 7.4, were determined in 
one day.

Attention is especially directed to the gradual decline of the slope of the 
first part of the curve on the alkaline side of the optimum (fig. 5). The part of 
the curve lying between about pH 7.4 and pH 8.4 has the least slope. It is sig
nificant that this marine form exhibits a catalatic activity w'hich does not 
differ greatly in intensity within the limits of the hydrogen ion concentration 
of sea water. At this station the pH value at and near the surface of the sea, 
where the mussels live, varies between approximately 8.05 and 8.20. The opti
mum pH for mussel catalase activity in vitro  is very close to 7.0; yet it is prob
ably not necessary to the organism that the catalase perform its function at 
maximum intensity, but rather that the performance of the enzyme at pH 
values between 7.4 and 8.4—which approximate the range of the hydrogen 
ion concentration in sea water as well as in the animal itself—shall be ade
quate to meet biological needs.

An interesting comparison between mussel catalase and beef-kidney cata
lase is noted here. Morgulis et at. (1926, p. 549) shows three optimum pH 
curves for the latter kind of catalase, at 10“, 20®, and 30° C, respectively. 
Each curve shows a maximum activity between pH 5 and pH 9 as a plateau 
which is almost flat. Interestingly enough, his curves, like ours, decline more 
gradually (the higher the temperature, in the series, the more gradual is this 
decline) on the alkaline side of the optimum pH range. Whereas our curve



shows a very steep rise from pH 6, through p ll 6.4, to the optimum at from 
pH 6.8 to pH 7.0, with the decline following from pH 7 to pH 8.2, Morgulis' 
curves are steep on the acid side from pH 2 to pH 5, with very slight change 
from this last value up to as alkaline a value as pH 9, followed by the more 
gradual falling off of activity from pH 9 to pH 13, after which there is a very 
rapid drop. This difference in activity with changes in pH and the observa
tions on the relative stabilities of the two catalases indicate the possible ex
istence of specifically different hydrogen peroxide-de<iomposing enzj-mes in 
the widely differing animal phyla. Mollusks and members of other low phyla 
found in the sea are without the elaborate arrangements possessed by warm
blooded vertebrates for the control of salt concentration, hydrogen ion con
centration, and colloidal stability in their body fluids. I t  is known also that 
such forms have virtually no control over their body temperatures. The en
vironment afforded by the ocean supplies the temperature, the quality and 
amounts of necessary electrolytes, and the pH suitable to successful living, 
ŵ hile land forms must conserve their own salts in the proper concentrations, 
maintain a hydrogen ion concentration within very narrow limits, and, in the 
homoiothermic forms, have the capacity to regulate accurately the tempera
ture of their bodies.

It is, then, perhaps not so surprising that the lower marine forms should 
differ from the other animals mentioned, in the limits of chemical and phys
ical optima for catalase function.

THE EFFECT OP TEMPERATURE ON THE CATALASE REACTION 
UNDER SPECIFIC CONDITIONS

It has been shown by Morgulis et al. (1926) and others that the maximum 
activity of catalase obtained from beef kidney occurs between 0° C and 10° C. 
Okey (1922), working with human blood, showed that, of the temperatures 
studied, those from 4* C to 6° C were most favorable for maximum catalase 
activity.

One series of determinations of the activities of mussel catalase at different 
temperatures has been made under the conditions specified below. Because 
the catalase in the extract slowly loses its ability to decompose hydrogen 
peroxide, all the work was done in the course of a few hours. An extract was 
prepared by the method previously given, with use of a Sorensen phosphate 
buffer of pH 7.0; the macerated tissue was allowed to remain in contact with 
the buffer overnight before it was filtered.

Volumes of 5 ml. of the extract and 5 ml. of the control were placed in sep
arate Pyrex beakers. Small weighing bottles, containing 2 ml. of hydrogen 
peroxide solution brought to a pH of 7.0, were set right side up in each beaker 
and allowed to stand thus for about thirty minutes or more so that the tem
perature should reach that of the surroundings. At the end of this interval 
the weighing bottles were upset, the time noted, and the mixtures shaken. The 
reaction was stopped at the end of thirty minutes and the quantities of hy-



drogen peroxide remaining were determined. The pH of the mixtures was 
6.4. Following is the series of temperatures at which the reactions were 
allowed to proceed: -

TEMPBUrnRES

0,2
10.2
16.0
20,9
24.1
28,4
35.8

o.rc  
0.1 
0,1 
0,2 
0 1 
0.1 
0,1

The shape of the temperature-activity curve for mussel catalase (fig. 6) and 
its steepness on both sides of the 10“ C region indicate that the optimum tem
perature of this catalase (in vitro) for the thirty-minute time interval lies 
between 0® and 10° C. Morgulis shows curves which indicate an optimum of 
10° C for the activity of beef-kidney catalase at pH 7 and at hydrogen perox-
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Fig. 6. Optimum temperature curve, pH, 6.4;
“7.3 per cent ojttract"; time, 30 minutes.

ide concentrations varying from 0.18 N to 1.08 N. His curves are similar in 
shape to ours (p. 527). On the succeeding page he shows a series of curves 
wherein volume of oxygen evolved is plotted against time for different hydro
gen peroxide concentrations and temperatures at a constant pH. Here it is 
to be noted that the preparation maintained at 19.4° C for a thirty-minute
interval gave the maximum yield. The other temperatures were 0® 
30" C.



Okey, vising the same hydrogen peroxide concentrations and working with 
diluted human blood at temperatures of 4-6° C, 14-15° C, 25.5° C, and 35
37°, found, for intervals of thirty minutes and even beyond sixty-five min
utes, tliat the temperature between 14° and 15° C were optimal for percent
age of hydrogen peroxide decomposed. Human blood thus appears to contain 
a catalase somewhat different in its thermal oj)tima from the catalases of beef 
kidney and mussel tissue.

STUDY OF THE CONTROLS

A careful study of the controls showed that the catalase was completely 
inactivated by boiling or by the addition of mercuric chloride to the extract. 
The presence of tissue extract did not affect appreciably the quantity of per
manganate used in titrating excess peroxide.

SITM M A RY

1. Various studies of c.atalase in the California mussel. MyiUus califor- 
nianm  Conrad, were made. The activity of the catalase was determined by 
titration of excess hydrogen peroxide with potassium permanganate in acid 
solution.

2. Investigation of the tissue distribution of catalase in the mussel showed 
that it was, in general, more abundant in glandular and highly vasculated 
tissue than in muscular tissue.

The rate of reaction <»f catalase and hydrogen peroxide follows a smooth 
course, the reaction obeying the mass law.

3. This enzyme from the mussel undergoes rather rapid inactivation in the 
course of about two weeks at 19° C. The loss of activity, plotted against time, 
follows a smooth curve.

4. The activity of catalase extracted from the whole bodies of young mus
sels may be as much as three times as high as that extracted by a like procedure 
from the bodies of older individuals.

5. The optimum pH for catalase activity from this animal is very close to
7.0 with a sharp rise from the acid side and a more gradual sloping off on the 
alkaline side from pH 7 to about pH 8.5. The optimum thus lies at a pH value 
considerably removed from that of the sea water where the mussels live. The 
minimum slope lies in the limits of the pH range of the sea water.

6. The optimum temperature for catalase activity for periods of tliirty min
utes is between 0° and 10° C.
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