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Effect of Certain Enzyme Inhibitors on Hemolytic and Hemagglutinating 
Activity of Mumps Virus.* (19297) 

BETTY JANE GARDNER AND HERBERT R. MORGAN. 
From the Department of Bacteriology, University of Rochester School of Medicine and Dentistry, 

Rochester, N. Y .  

The hemolysin of mumps virus is a labile 
property with many of the characteristics of 
an enzyme(1-3). Studies of the effects of 
certain enzyme inhibitors on the hemolysin 
were undertaken to obtain further indications 
of its probable nature and of its similarities to 
various types of known enzymes. The action 
of these inhibitors on the hemagglutinating 
capacity of the virus was tested simultaneously 
to examine the relationships of the hemagglu- 
tinin and the hemolysin or their separate 
natures. 

Materials and methods. A strain of egg- 
adapted mumps virus was used. 0.1 ml of 
dilutions of infected egg fluids were injected 
into the allantoic or amniotic sacs of 6-8-day- 
old, white, embryonated eggs. The eggs were 
incubated at  3 5 "C and the infected fluids were 
harvested 4-6 days later. Allantoic fluids 
stored at -40°C were dialyzed for 24 hours 
a t  4°C with phosphate buffered saline (pH 
7.0-7.2) before use in these experiments. 

Tests for hemolytic and hemagglutinating ac- 
tivities of the virus were carried out with the 
methods previously described( 2 ) .  The en- 
zyme inhibitors were dissolved in phosphate- 
buffered saline and the pH was adjusted, as 
necessary, to 7:O-7.2 before addition to the 
diluents employed in the hemolysin and hem- 
agglutinin titrations. 

Results. Urethane (4-7) is a known inhibi- 
tor of a variety of enzymes, including several 
blood esterases. Its effect on the mumps 
hemolysin is shown in Table I. The inhibition 
of hemolysis noted with urethane is more 
marked with the higher concentrations. Using 
10% hemolysis as the lowest significant degree 
of hemolytic activity, 0.1 M urethane de- 
creases the hemolytic titer about 16 times. 
The 2-fold decrease in the hemagglutinin titer 
is not significant. 

A variety of enzymes, including catalase, 
are inhibited by hydroxylamine (4-6). The 
effect of this substance on 'the hemolytic agent 
of mumps is shown in a typical experiment in 
Table I. Hydroxylamine, in a concentration 
of '0.01 hl. was markedlv inhibitorv for the 
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TABLE I. Effect of Various Concentratioiis of Enzyme Inhib'itors on the Mumps Hemolysin. 

(-Dilution of fluid-- -> Hemagglutin- 
fl Hem,olysis \ 

Inhibit or 2 4 8 16 32 64 128 Control ationtiter 

0 48" 38 33 29 22 16 13 0 l 0 2 4 t  
.1 M urethane 2 1  15 11 9 8 6 4 0 512 
.05 M 29 21 1 9  14 11 '7 5 0 512 
.01 M 44 25 27 20 18 1 4  11 0 512 
0 40" 39 37 33 34  15 9 0 512t 

.OlMhydroxylarnine 39 22 12 6 5 1 2 0 512 
hydrochloride 

* 70 cells hemolyzed determined col~orimetrically. 
t Reciprocal of highest dilution of virus producing hemagglutination. 

TABLE 11. Enzyme Inhibitors Which Produced 
KO Significant Effect on the Activity of the 

Mumps Hemolysin. 

Inliibi t or N conc. of  inhibitor used 

Sodium fluoride . l ;  .01; .05; .001 
Potassium cFaiiide .01; .05; .001 
2,4-dinit r ophenol .01 

Cyst ine ,001  
Iodoacetic acid .1; .01; .05; .001 

Sodium pyrophosphate .01 

TABLE 111. Effect of Reducing Agents on the 
Mumps Hernagglutinin. 

Hemagglu- 
Reducing agent Diluent tination titer 

0 Phosphate buffer 64' 
4096 

J J  4096 
0 Saliiie 128 

409 6 
.05 If glutathione ' ' 4096 

.01 M cysteiiie ' J  J J  

.05 M glutathione ' J  

.1 M eysteine 7 )  

* Reciprocal of highest dilution of virus produc- 
ing hemagglutination. 

hemolysin in all dilutions greater than 1:2. 
I t  reduces the significant hemolysin titer more 
than &fold. No effect was noted on the 
hemagglutinin. 

Another group of substances which affect a 
variety of enzymes was tested for their effects 
on either the hemolysin or hemagglutinin of 
mumps virus as listed in Table 11. They were 
without effect on either property of the 
virus under the conditions of the tests and in 
the concentrations noted. 

Since the virus rapidly loses its hemolytic 
activity with ordinary methods of handling, 
it was thought that aeration might play a role 
in the process, but oxygenation of virus-con- 
taining fluids with pure oxygen for 7 5  minutes 
a t  room temperature was without effect 011 the 
hemolysin. To study the effects of reduction 

of the O/R potential on the viral hemolysin, 
various reducing agents, such as cysteine and 
glutathione, were added to the diluting fluids 
a t  the time of the titration for hemolytic and 
hemagglutinating activity. In  these experi- 
ments, the tubes were tightly stoppered to in- 
sure maintenance of reducing conditions. Evi- 
dence was obtained that the hemolytic com- 
ponent was somewhat inhibited by 0.05 M 
glutathione but 0.01 Nl, 0.05 M, and 0.001 M 
cysteine generally produced some increase in 
hemolytic action. However, both reducing 
agents produced a marked enhancement of 
hemagglutination as noted in Table 111. 
Neither cysteine nor glutathione had any effect 
on the erythrocytes per se with the exception 
of causing some reduction of the hemoglobin. 
Other reducing agents, such as 0.1 M hydro- 
quinone and 0.06 M sodium sulfite had a 
similar enhancing effect on the hemagglutinat- 
ing activity of the virus. 

In  certain of its properties, 
the hemolysin of mumps virus resembles the 
hemolytic agent, lecithinase A(4-7). Both 
the mumps hemolysin and lecithinase A are 
inhibited by urethane( 4-6) and calcium and 
magnesium ions(5,8). At an optimal pH 
range 7.0-7.2 and a temperature of 37"C, 
the action of either of these agents results in 
the lysis of red blood cells. Neither agent is 
affected by potassium cyanide or sodium 
fluoride. However, lecithinase A is heat stable 
whereas the mumps hemolysin is relatively 
heat labile ( 2 ) . 

Inhibition of mumps virus hemolytic ac- 
tivity without a corresponding decrease in the 
hemagglutinating potency by urethane and 
hydroxylamine hydrochloride gives further 
evidence for the separate identity of the 

Discussion. 
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hemolysin and the hemagglutinin. The strik- 
ing enhancement of the hemagglutinating virus is a lecithinase is discussed. 

The possibility that the hemolysin of mumps 

capacity of mumps virus by reducing agents 
which may actually suppress hemolytic ac- 
tivity also suggests that they are distinct 
entities. Lowering the O,/R potential ap- 
parently provides optimal conditions for the 
agglutination of erythrocytes by the virus. 

Summary. Mumps virus hemolysin is in- 
hibited by hydroxylamine hydrochloride and 
urethane without affecting the hemagglutinin. 
Cysteine increases both the hemagglutinating 
and hemolytic activity of mumps virus while 
glutathione, which has a marked, potentiating 
effect on the hemagglutinin, inhibits the 
hemolytic activity. Other reducing agents, 
such as hydroquinone and sodium sulfite, in- 
crease the hemagglutinating capacity of the 
virus. The different effects of these various 
substances on the hemolysin and the hemag- 
glutinin suggest that they are distinct entities. 
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Saphenous Circulation Time Test with a Radioactive Tracer. (19298) 
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From the Department of Physical Medicine Rehabilitation and the Radioisotope Unit, 

Crile V .  A .  Hospital, Cteveland, 0. 

In  January, 1947, routine post-operative 
stimulation of calf muscles was instituted at  
Crile V.A. Hospital, Cleveland, with the object 
.of reducing the incidence of thrombosis and 
embolism(1). In order to find a possible 
explanation of the apparent good results ob- 
tained with this treatment, tests were done 
to ascertain the effect of sinusoidal stimulation 
of calf muscles upon circulation time. With 
the use of sodium cyanide as a test medium 
it was shown that sinusoidal stimulation of 
calf muscles reduces circulation time( 2 ) .  
However, the methods of study of circulation 
time have in the past necessitated the entry 
of the test medium into the systemic circula- 

tion. The test being described in this report, 
through the use of radioactive iodine and a 
scintillation counter, permits the study of 
circulation time in a vein or even part of a 
vein. The present report deals with circula- 
tion time studies in the great saphenous vein. 

Test solution. Radioactive iodine (1-13 1 ) 
was chosen as being particularly suitable for 
this procedure. It is readily available, being 
supplied by the Oak Ridge National Labora- 
tories and flown to the hospital a t  frequent 
intervals for use in the diagnosis of thyroid 
disorders. Its half-life of 8 days is long 
enough for an adequate stockpile to be main- 
tained. The dose presently employed, 20 
microcuries, is strong enough to permit record- 
ing by a scintillation counter, and small 

%3&Nl without exceeding fie maximum total 

*Published with permission of the Medical 
Director, Department of Medicine and Surgery, 

bility for opinions expressed or conclusions drawn 
Vejterans Administration who assums no reslpod- enough to as many tests at One 

by authors. dose considered desirable in such a diag- 


