
It is quite possible that the a,-globu- 
lin, possessing the insulinlike activity, 
circulates in the blood stream in a com- 
plex form with another protein of higher 
molecular weight and isoelectric point, 
and that the whole complex is absorbed 
on the exchange resins. The treatment 
with 0.2M citric acid for 72 hours prob- 
ably dissociates the insulin from the 
complex, the insulin appearing as an 
a,-globulin by paper electrophoresis. 
This suggestion is supported by the ob- 
servation that crystalline insulin in saline 
or in 3-percent human albumin solution 
treated with cationic exchange resins re- 
tains full activity (2). 
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the proteolytic enzymes and of the en- 
zyme systems involved in the formation 
of citric acid, they noted that maleic 
acid entered extensively into reactions 
which involved decarboxylation. 

We have now obtained evidence of 
the presence in dogs and human beings 
of enzyme systems capable of oxidizing 
maleate-2-C14 to C1402 (3). Following 
the injection of 45 ILc (5.9 mg) of 
maleic-2-C14 acid into a 9.5-kg dog, ar- 
terial (femoral) blood specimens were 
collected in oiled, heparinized syringes 
at various time intervals (4). Carbon di- 
oxide was liberated from 5 ml samples 
and collected as barium carbonate, and 
its activity was determined as previously 
described (5). The results (Table 1) 
show the increase with time of total 
carbon dioxide activity (per 5 ml of 
whole blood) as well as of "specific ac- 
tivity" of carbon dioxide. "Specific ac- 
tivity" is expressed as the percentage of 
injected carbon-14 per milligram of CO2 
carbon. 

In Table 2 are given results that fol- 
lowed the intravenous injection of 90 (tc 
(11.8 mg) of maleic-2-C14 acid into a 
normal human subject. For purposes of 
comparison, data are also given for a 
similar experiment in which fumaric-2- 
C14 acid (90 Lc) was the injected sub- 
strate. These data show that C1402 was 
formed readily in both cases; however, 
corresponding total activity and "specific 
activity" values were much higher in the 
fumarate-2-C14 experiment, indicating a 
faster reaction rate with that isomer. 
In the maleate experiment, the "specific 
activity" reached a maximum in about 
70 minutes and had not declined at 90 
minutes, whereas, in the fumarate exper- 
iment, the maximum was attained much 
sooner (in about 40 minutes) and then 
carbon dioxide "specific activity" de- 
clined. 

As one test of the possible conversion 
of maleates to fumarate within the body, 
copper pyridyl fumarate salts (5) were 
made from the blood filtrates and as- 
sayed for carbon-14 activity. Whereas, 
in the maleic acid experiments, very 
little activity was found in the copper 
pyridyl fumarate salts (59 count/min 
per 5 ml of arterial blood after 23 min- 
utes), in the fumarate-2-C14 experi- 
ments, considerably more activity was 
found (1068 count/min per 5 ml of 
arterial blood after 20 minutes), and 
this activity was evident even 70 minutes 
following intravenous injection into a 
human being (see 5, Table 2). This evi- 
dence does not rule out completely the 
possibility that there is a conversion of 
maleate to fumarate within some body 
tissues, with a subsequent rapid oxida- 
tion to carbon dioxide and with no en- 
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possibility that there is a conversion of 
maleate to fumarate within some body 
tissues, with a subsequent rapid oxida- 
tion to carbon dioxide and with no en- 
trance of fumarate into the blood 
stream; however, it does suggest the im- 
probability of such a hypothesis. 
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Although the intermediate steps have 
yet to be elucidated, the evidence pre- 
sented indicates that mammalian tissues 
contain enzyme systems capable of ca- 
tabolizing maleic acid to carbon dioxide. 
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tion of highly paralytogenic poliovirus 
into the thalamus, or into the parietal 
or frontal lobes of the brain of the mon- 

key. The toxoid treatment was initiated 

subcutaneously 1 to 7 days post-infec- 
tion. The toxoids were derived from 
venoms of Naja flava (Cape cobra), 
Naja naja (Indian cobra), Naja haja 
(Egyptian cobra), and-most important 
-from Crotalus terrificus terrificus 
(South American rattlesnake). Toxoid 

production methods and interference re- 
sults have been published (1, 2). 

The present report is concerned with 
toxoid interference in Macacus rhesus 
24 hours after intramuscular injection of 
a highly paralytogenic Mahoney (type 
I) virus. All rhesus used were subjected 
to a conditioning period of at least 10 

days, at the end of which time blood 
cell counts were made. The presence of 

"naturally" occurring neutralizing anti- 
bodies against homotype virus was stud- 
ied prior to the interference experi- 
ments. 

As a source for inducing a uniform 
infection, pools of Mahoney virus ob- 
tained from monkey kidney cell cultures 
were used throughout these experiments, 
and virus potencies (TCID50) were de- 
termined by titrations in the same type 
of culture. The infecting dose varied 
from 500,000 to 5,000,000 TCID50 in 
0.5 ml-the volume injected. With two 

exceptions, the virus was administered 
in the right deltoid muscle. 

In addition to our routine Crotalus 

terrificus terrificus and Naja flava tox- 
oids, a number of substances were tested 
as interfering agents against 3,125,000 
and 5,000,000 TCID50 of Mahoney virus. 
Two toxic substances, crotoxin (3) and 
a sodium salt of crotoxin, as well as two 
substances detoxified by acetylation, 
acetyl-crotoxin and acetylated Crotalus 
venom, were tested. A total of 117 ani- 
mals were used in these experiments. 

Group differences between treated 
animals and controls, within individual 

experiments, ranged up to 33 percent in 
favor of treated animals. Similar trends 
for entire experiments approximated 20 
percent. The number of tests for each 

preparation was small, and no conclu- 
sion has been drawn. 

Preliminary studies (2) with Crotalus 

terrificus terrificus toxoid showed it to 
be a promising interfering agent, and it 
was therefore incorporated into the 
standard Naja flava preparation in the 
proportion of 1 to 5. Observations made 
in 82 rhesus in three experiments have 
shown this combination to be the most 
effective toxoid to date. 

Twenty-four hours after intramuscular 
infection with 500,000 TCII)50 of Ma- 
honey virus, the mixture of Crotalus ter- 
rificus terrificus and Naja flava toxoids 
was administered subcutaneously, and 
this administration was continued on the 
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Table 1. Toxoid interference in Macacus rhesus 24 hours after intramuscular injection 
with 500,000 TCID5o of Mahoney poliovirus (statistical analysis). 

Paralyzed Paralysis-free 

Difference 

Toxoid injected (ml) No. of between 
rhesus No. % No. % cont control 

animals 
(%) 

0.2 8 6 75.0 2 25.0 10.7 
0.4 and 0.6 28 15 53.6 13 46.4 32.1 
0.9 and 1.0 20 9 45.0 11 55.0 40.7 
1.3 12 9 75.0 3 25.0 10.7 
None (control saline) 14* 12 85.7 2 14.3 
All toxoid treated 68 39 57.4 29 42.6 31.8t 
All comparable controls 37* 33 89.2 4 10.8 

* Twenty-three additional controls tested for rhesus reactivity to 500,000 TCID50 of virus injected intra- 
muscularly under identical experimental conditions were included by the statistician. 
f X2 = 9.84; p = 0.01 for X = 6.635; p = 0.001 for X2 = 10.827; results are significant near 0.1 percent level 
(0.001). 

2nd, 3rd, 4th, and 7th days. Sixty-eight 
monkeys received treatment with vary- 
ing volumes of three different lots of 
Crotalus terrificus terrificus toxoid, di- 
luted (1:5) with Naja flava toxoid 

(Table 1). Thirty days after injection 
of virus the experiment was concluded, 
and the percentage of paralysis-free sur- 
vivors in the treated groups was statisti- 

cally evaluated in relation to control 

groups (4). 
When the survivors of the interference 

groups receiving 0.4 ml and 0.6 ml of 
toxoid were combined and compared 
with their controls, a difference of 32.1 
percent of paralysis-free animals in favor 
of the treated groups was observed 

(Table 1). This difference is statistically 
significant (p < 0.05). The 95-percent 
confidence interval is 5.5 to 58.7 per- 
cent. 

The difference in favor of groups re- 

ceiving 0.9 ml and 1.0 ml of toxoid was 
40.7 percent (Table 1). The 95-percent 
confidence interval is 11.6 to 69.8 per- 
cent. When all toxoid treated animals 
were compared with all controls, and 
the results were statistically analyzed, 
the X2 value found was 9.84. The result 
in favor of toxoid treatment is signifi- 
cant almost at the 1:1000 level (Table 
1). 

The degree of virus spread 24 hours 
after infection-that is, when treatment 
was initiated-was investigated. The in- 

fecting agent was found at the site of 
inoculation and in the corresponding 
brachial plexus. No virus was detected 
in the central nervous system. In one 
instance virus was found in the corre- 

sponding axillary lymph nodes and in 
mesenteric lymph nodes. These findings 
are essentially in agreement with similar 

experiments in cynomolgus monkeys (5). 
In the screening tests for naturally oc- 

curring antibodies which had been car- 
ried out prior to selection of animals for 

experiments, an incidence of 4 percent 

of homotype antibodies at serum dilu- 
tion levels up to 1 to 10 had been dem- 
onstrated. This "natural" immunity was 
not sufficient to protect the monkeys 
against the experimental infection here 
described. Nevertheless, no animal with 
antibodies received toxoid in any inter- 
ference experiment. As an extension of 
the antibody study, serological tests were 
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Neuropathologic studies were carried 
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fected animals. No pathology was found 
in paralysis-free survivors, regardless of 
whether they were control or treated 
animals. 
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Shift of Oxidases with 
Morphogenesis in the Slime 
Mold, Physarum polycephalum 

The slime mold, Physarum polycepha- 
lum, is one of those unusual organisms 
which can pass from an acellular, plas- 
modial stage to a cellular, spore stage 
during its life cycle (1), and as such rep- 
resents an ultimate in morphogenetic ex- 
pression. The sequential nuclear events 
accompanying this change in morphol- 
ogy include synchronous, mitotic, nu- 
clear divisions (2) and probably meiosis 
when uninucleate spores are formed in 
the mature sporangium (3). Since both 
stages can be obtained at will in the labo- 
ratory, this organism lends itself well 
to a comparative metabolic study capa- 
ble of yielding information relating to 
those physiological factors which may 
control or trigger the process of nuclear 
division and concomitant spore forma- 
tion. Such an introductory metabolic 
study is, therefore, the purpose of this 
report and is concerned with the com- 
parison of the activities of two oxidases 
in both stages of the organism (4). 

Preparation of active homogenates 
from the plasmodial stage of this organ- 
ism has been described previously (5). 

Table 1. Comparison of oxidase activities 
in plasmodial and spore stages in the slime 
mold, Physarum polycephalum. 

Cytochrome Ascorbic acid 
oxidase oxidase 

K*/mg Spore/ Kt/mg Spore/ 
of pro- plas- of pro- plas- 
tein N modium tein N modium 

Spore 
0.081 0.041 

Plasmodium 
0.028 2.9/1 0.252 1/6.1 

' K = 2.3 log [reduced cytochrome c] per second. 
t K = 2.3 log [ascorbic acid] per second. 
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t K = 2.3 log [ascorbic acid] per second. 

The use of sonic oscillations for the dis- 
ruption of spores was found to be effec- 
tive in the preparation of spore homog- 
enates (6). 

Allen and Price (7) first suspected 
the presence of cytochrome oxidase in 
Physarum polycephalum on the basis of 
inhibitor studies on whole plasmodia 
and a positive Nadi reaction on crushed 
plasmodia. We have been able to dem- 
onstrate that cytochrome oxidase is in- 
deed present in homogenates of both 
plasmodial and spore stages by following 
the enzymic oxidation of reduced cyto- 
chrome c at 550 mi,u in the Beckman 
spectrophotometer. Although the kinet- 
ics of mammalian cytochrome c-cyto- 
chrome oxidase reaction has been re- 
ported as obeying a combination of first- 
order and zero-order reactions (8), the 
conditions of our experiments reveal 
only first-order concurrence with the 
identical system in Physarum. This is in 
agreement with the cytochrome c-cyto- 
chrome oxidase first-order reaction rates 
in other preparations (9). First-order 
velocity constants were, therefore, cal- 
culated from the slope of the plots of 
2.3 log reduced cytochrome c versus 
time. These constants were observed to 
be directly proportional to the amount 
of enzyme used in the reaction mixture; 
and when they are related to protein 
nitrogen content, they can be used as a 
true measure of cytochrome oxidase ac- 
tivity in each cell-free stage of the life 
cycle of the organism. 

In an attempt to measure cytochrome 
oxidase activity in the plasmodial stage, 
Holter and Pollock (10) used the indi- 
rect manometric method of Schneider 
and Potter (11), which requires the use 
of ascorbic acid as a reductant of cyto- 
chrome c. Upon subsequent examination 
of this system, it was shown that the 
electrons from ascorbic acid not only 
pass through the cytochrome system but 
are also mediated to oxygen by an atyp- 
ical ascorbic acid oxidase (5). These two 
systems can be separated by differential 
centrifugation, since the ascorbic acid 
oxidase is not associated with a particu- 
late fraction and can be retained in the 
supernatant of a 25,000 g centrifugation; 
this supernatant is in turn devoid of cyto- 
chrome oxidase activity. The ascorbic 
acid oxidase activity is atypical, since it 
is resistant to the usual metallorespira- 
tory inhibitors, forms hydrogen peroxide 
as an oxidation end product, and re- 
quires the presence of an unknown in- 
herent sulfhydryl compound for which 
diethyldithiocarbamate or its disulfide 
can be substituted. Since it has been 
shown previously that the ascorbic acid- 
ascorbic acid oxidase system in Physarum 
obeys first-order reaction kinetics (5), 
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then first-order velocity constants carn 
also be obtained and validated as a: 
measure of enzyme activity, as is de- 
scribed above. 

A comparison of the oxidase activities; 
in both the plasmodial and spore stages,, 
shown in Table 1, reveals a shift in oxi- 
dases as the organism undergoes spore 
formation. Whereas there is approxi- 
mately three times as much cytochrome 
oxidase activity in spores as in plas- 
modia, there is approximately six times 
as much ascorbic acid oxidase activity 
in the plasmodia as in spores. 

The physiological interpretation of 
this shift is obscure at present, since in- 
formation regarding metabolic patterns 
in this organism is lacking. However,, 
these results do indicate that the atyp- 
ical ascorbic acid oxidase, heretofore 
not rigidly established as a terminal oxi- 
dase, is not without definite function; 
but by virtue of this shift may play an; 
important role in the metabolism of the 
organism. Further, since energy is re- 
quired for the nuclear divisions and 
formation of spore walls, a possible ex- 
planation for the increase of cytochrome 
oxidase activity can be offered on an 
energetic basis; those phosphorylation 
reactions necessary for the production 
of high-energy phosphate compounds 
have been demonstrated to occur in dis- 
creet stages of the cytochrome system 
participating in cellular oxidations (12). 

This shift in oxidases may be funda- 
mental to all organisms but may well be 
masked in organisms which undergo 
cellular division but which are con- 
stantly in the cellular state. 
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