
tropical lows are present. The peak of this micro- 
seismic activity usually comes when these eastward- 
moving low pressure storms reach the Weddell Sea 
(Fig. 3). There are several possible explanations as 
to why the storms are recorded more precisely when 
east of the station than west. There is the possibility 
of two different geological structures across which 
microseismic energy does not carry. The lows may 
deepen considerably after reaching the Weddell Sea. 
The bottom of the Bellingshausen Sea may be such 
that microseisms are not generated when a cyclone 
is in that vicinity. A detailed analysis of the phe- 
nomenon has been reported elsewhere (2). 

The seismograms and all other original data can be 
obtained from the archives of the Geophysics Labora- 
tory, Department of Geology, Columbia University. 
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Sodium Nucleate Inhibition of 
Arginase Activity 

Samuel Moss2 
Department ef Biology, Washington Square College, 
New York University, New York  

I t  was found that under certain conditions sodium 
nucleate (yeast sodium nucleate, Schwartz) inhibited 
arginase activity. This iinding was considered signifi- 
cant because of the universal presence of nucleic acids 
in all cells. A further study was then undertaken to 
determine the nature of this inhibition. The results of 
these studies are summarized in Table 1. 

T A B L E  1 

No. 
React ion mixture determina- MicromolesPercentagetions urea/ml* inhibi t ion 

Enzyme t substrate  
(control) 1 0  0.195 

Enzyme-nucleate 
+subs t ra te  5 .OOO 100 

Enzyme + substrate-
nucleate 5 .I90 None 

Enzyme t substrate  
+ added Mn++ 3 . I95 

Enzyme-nucleate t 

substrate  + added  

Mn++ 3 0.200 None 


* All detern~inations are  + 0.015. 
= T h e  author is indebted to M. 3. Kopac, professor of 

biology, New York University, for encouragement and guid- 
ance while working in his laboratory on this problem. 

Present a8dresa : Bureau of Dairy Industry, Agricultural 
Research Center, U. S. Department of Agriculture, Beltsville, 
Md. 

J a n u a r y  18, 1952 

The enzyme was prepared by extracting dried 
acetone powder of beef liver with tribasic potassium 
phosphate and by precipitation of the nonarginase 
protein by heating the extract to 60° C. The enzyme 
was then activated with Mn++ according to the method 
of Mohamed and Greenberg (I).Arginase activity 
was determined according to the photometric method 
of Van Slyke and Archibald (2).  The enzyme con-
tained 103 Van Slyke units of arginase per ml or 9.42 

FIG. 1. Co~upetitive inhibition of arginase by sodium nu-
cleate. A represents arginase activity with no added nucleate, 
B with 0.75 mg sodium nucleate/rnl added to the enzyme 
portion. S - substrate concentration in moles. V = enzyme 
activity, expressed in yM/ml. 

such units per mg protein. The enzyme was diluted 
just prior to the reaction with the special salt solution 
of Eallman and Kopac (3).The enzyme dilution was 
1:500. For the enzyme-nucleate mixture this consisted 
of equal aliquots of sodium nucleate dissolved in en- 
zyme diluent and of 1 :  250 diluted enzyme prepara- 
tion. The substrate-buffer mixture consisted of 0.06 M 
1(t)-arginine monohydrochloride (Eastman Kodak 
Company) dissolved in 0.1 M diethyl-barbiturate 
buffer of p H  9.5, prepared according to Michaelis 
(4) .  The enzyme reaction was initiated by mixing 0.5 
ml diluted enzyme preparation with 0.5 ml substrate- 
buffer mixture. The final substrate concentration was 
thus 0.03 M. The incubation temperature was 25' C, 
and the reaction period was 15  min. Under these con- 
ditions it was found that 1mg sodium nucleate per ml 
of reaction mixture caused complete inhibition of 
arginase activity. I t  should be pointed out here that 
the sodium nucleate gradually loses its inhibitory 
power on standing for a few days in a dissolved state; 
hence, for maximum inhibition, the nucleate should be 
dissolved just prior to use. 

I n  order to determine whether this inhibition was 
competitive, it  was necessary to study the effect of 
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the nucleate on the enzyme, using a series of low 
substrate concentrations-in the range where an in-
crease in substrate concentration causes an increase 
in  enzyme activity-the nucleate concentration being 
smaller than that causing full inhibition. From Fig. 1 
it is seen that if the reciprocals of the enzyme activi- 
ties ( l / V )  are plotted against the reciprocals of sub- 
strate concentrations (1,'s) a typical competitive 
curve is obtained, the nucleate concentration f o r  this 
series being 0.75 mg/ml reaction mixture. I t  was 
postulated that the nucleate inhibition of arginase 
activity was caused by the removal by the nucleate of 
the Mn++ from the enzyme-Mn++ complex, thus render- 
ing the enzyme inactive. The ease of inactivation of 
arginase by removal (by dialysis) of the activating 
Mn++ has been demonstrated by Mohamed and Green- 
berg (1) .  Furthermore, Neuberg and Roberts ( 5 )  
have shown the ease of binding of Mn++ by sodium 
nucleate. According to this hypothesis, addition of 
more Mn++-more than sufficient to saturate the bind- 
ing capacity of the sodium nucleate-should restore 
the enzyme activity. I t  was found that addition of 
MnC1,. 4 H 2 0  in quantities to give 0.025 mg added 
MnC1,. 4H,O/ml of reaction mixture (beyond the 
required Mn++ added initially f o r  activating the 
enzyme) was sufficient to remove the inhibition by the 
nucleate. 

I t  was further observed that enzyme inhibition is 
present only if the nucleate is mixed first with the 
enzyme portion prior to the addition of the substrate, 
but no inhibition takes place if the nucleate is mixed 
first with the substrate prior to the addition of the 
enzyme. The only explanation that might be given 
would be that the nucleate, after binding the arginine 
upon mixing with the substrate buffer, is incapable 
of removing the Mn++ from the enzyme-Mn++ complex. 
That sodium nucleate is capable of binding arginine 
was shown by Neuberg and Roberts ( 5 ) .  This in- 
terpretation also requires the assumption that argin- 
ase is capable of splitting off urea from the arginine- 
nucleate complex. Such a possibility would seem to 
be indicated from arginase specificity studies of Akasi 
(6))Boulanger and Bertrand (7) ,  and Calvery and 
Block (8),who showed that if arginine is bound 
through the alpha NH, group with its COOH group 
free, the exposed guanidine group would be available 
f o r  hydrolysis by arginase. Furthermore, since the 
substrate concentration employed was not in  excess, 
there would have been a drop in enzyme activity if 
only those arginine molecules were available f o r  
hydrolysis which were not bound by the nucleate. 
However, since no drop in activity occurred, it  is 
assumed that those arginine molecules which were 
bound by the nucleate were also available for  hydroly- 
sis by the enzyme. 

Thus, since sodium nucleate causes a competitive 
type of arginase inhibition, and since the addition of 
Mn++ removed this inhibition. it  is assumed that the 
nucleate causes enzyme inhibition by competing with 
the arginase molecule f o r  the Mn++. The absence of 
this inhibition upon mixing of the nucleate first with 

the substrate is explained as  being due to the satura- 
tion of the nucleate binding capacity with arginine. 
I t  might further be postulated that nucleic acids, be- 
cause of their enormous binding capacity, exist in  
the living cell in  a form capable of either picking u p  
or giving off enzyme-activating ions, depending on 
certain chemical changes in the cellular environment. 
I n  doing that, nucleic acids might conceivably be in- 
volved in the regulation of enzyme action inside the 
cell. I t  might be desirable to determine whether sodium 
nucleate would similarly inhibit ir. oitro other intra- 
cellular enzymes which require activating ions that are 
easily bound by nucleates. 
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Control of Nosema Disease of 
Honeybees with Fumagillin1 

H. Katznelson and C. A. Jamieson2 
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Science Service, and Apiculture Divisioa, 
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Nosema disease is an infectious disease of adult 
honeybees caused by the protozoan Nosenaa apis (1) .  
I t  is widespread, and under favorable conditions may 
cause extensive losses of adult workers and queens in  
the winter or spring. Attempts to control it  with 
antibiotics, sulfa drugs, arsenicals, and antiprotozoan 
agents have so f a r  proved unsuccessful (2-6))  al-
though it  was recently reported (4) that sulphaquin- 
oxaline (0.2%) lowered the percentage of dead in- 
fected bees in cages by about 35% : however, one 
third of the dead bees were still infected. I n  view of 
these failures to control the disease, the announcement 
of the striking amebicidal action of a new antibiotic, 
fumagillin (7) ,  aroused great interest. Accordingly, 
some of this material was obtained (through the 
courtesy of the Upjohn Company) and tested against 
N. apis infections. 

The antibiotic was dissolved in methyl alcohol and 
diluted to  a definite volume with water. The required 
dosage, together with 1ml of inoculum, consisting of 
35 million N. apis cysts per ml, was added to a 

1 Contribution No. 325 from the Division of Bacteriology 
and Dairy Research. 

2The authors are  indebted to  J. Sherman, D. Mills, and R. 
Shone for  Nosema diag.nosis and to E. Braun for his interest 
and cooperation. 


