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Egg-white (EW) contains a component which is 
capable of combining with influenza virus and inhibiting 
the agglutinative reaction of virus with RBC (3, 5-6). 
Furthermore, untreated purified swine influenza virus is 
capable of destroying the EW inhibitor, but suitably 
heated virus is essentially devoid of such destructive 
capacity (7). Thus far, the destruction of inhibitor by 
virus, which has aspects of an enzymatic action, has been 
inferred only from indirect experiments based on the 
hemagglutination phenomenon. Recently, i t  has been ob- 
served, as described briefly in the present report, that 
virus exerts a prpfound effect on the viscosity of solu-
tions of semipurified EW inhibitor. 

Semipurified inhibitor preparations were obtained from 
EW by repeated precipitation a t  pH 5.7 and extraction 
of the precipitate with 0.06 M phosphate buier  a t  pH 
7.2 (8). Typical extracts, which were 40 to 60 times as 
active as EW on a nitrogen basis, contained 25 to 150 
y N and 50 to 125 y carbohydrate2 per ml; one prepara- 
tion, A178 PI11 EI,  which was 41 times as active as Em, 
contained 150 y N per ml and 12.5% N on the basis of 
dry weight. The inhibitor was nondialyizable and gave 
qualitative tests for protein. The swine influenza virus 
was a freshly purified preparation, obtained as previously 
described (lo), containing 400 y N per ml and char-
acterized by a 50% endpoint infectious unit of 10-14.4 
g N. The viscosity experiments were carried out in 
capillary viscometers (9) a t  29.78" C. 

The relative viscosity of preparation A178 PI11 E I  was 
found to be linear with respect to concentration over the 
range from 0 to 150 y N per ml and had the value 1.255 
at  100 y N per ml. Assuming a density of 1.33 for the 
viscous component of this preparation, one may calculate 
a minimal viscosity increment (4) of approximately 400, 
a value considerably greater than that which is obtained 
with ordinary proteins (4). From this result one may 
infer the presence of a highly asymmetric component. 

1 This work was aided by a grant to Duke IJniversity from 
I~etlerle Laboratories Inc., Pearl River, N. Y., and by the 
1)orothy Beard Research Fund. 

2 Determined with the orcinol reagent and calculated as 
glncose. 

The effect of untreated, purified swine influenza virus 
on the viscosity of inhibitor solutions is shown in Fig. 1. 
The rate of decrease in viscosity is initially rapid, falling 
to a low value within a few minutes. The terminal vis- 
cosity (after 24 hr) of virus inhibitor mixtures was ap- 
proximately 1.01, corresponding to a reduction of 80 to 
90% in the specific viscosity (relative viscosity - 1 ) .  
This terminal value was essentially independent of the 
initial virus concentration. 
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BIG. 1. Effect of heated and unheated purified swine in- 
fluenza virus on the viscosity of solutions of purified E W  
inhibitor. The virus preparation contained 2007 N per ml 
(2.2 mg virus per ml). The volume of virus preparation 
indicated in the chart was added to 10 mi of the inhibitor 
preparation Also  PEI containing 30 y hT per ml. 

I n  an experiment of a different sort, 0.24 ml virus at  
a concentration of 200 y N, or 2,200 y virus per ml, was 
mixed with 10 ml inhibitor solution containing 30 y N 
per ml with a relative viscosity of 1.0815, and the reaction 
was followed in the viscometer. After 25 min, when 
the relative viscosity was 1.0685 and was changing slawly, 
5 ml reaction mixture was mixed with 5 ml fresh in- 
hibitor solution. This process was repeated three more 
times. With each addition of fresh iphibitor there 
occurred a burst of activity as manifested in a rapid 
initial fall in viscosity. While it  is difficult to interpret 
the results precisely a t  the present time, the experiment 
gave no evidence of saturation of the viscosity reducing 
capacity of the virus preparation. The activity of the 
fresh inhibitor solution was such that a quantity of 10 
ml would have been capable of inhibiting the hemaggluti- 
nating activity of approximately 30 mg of virus heated 
30 min at  53" C: in concentration of 1 y N per ml. 
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Fig. 1shows also that heating the purified virus prepa- 
ration for different periods at  53" C progressively re-
duces the capacity of the virus to cause a decrease in 
viscosity. These results with heated virus have a corre-
late in the reduction of the inhibitor destroying capacity 
of virus consequent to heating (7). 

Studies of the effect of convalescent antiswine influenza 
swine serum showed that a quantity of serum capable 
of neutralizing completely the hemagglutinative activity 
of the virus .prevented completely the typical effect of 
virus on inhibitor viscosity. The same amount of normal 
swine serum was somewhat less effective. The depend-
ence of the rate of viscosity reduction on virus concentra- 
tion and on the state of the virus, i.e., whether the virus 
was heated or not heated, as well as the absence of vis- 
cosity changes in the presence of immune senlm, suggests 
that the reduction in viscosity is related to an interaction 
of the virus particles themselves with the viscous com-
ponent of inhibitor solutions. 

There are several reasons for supposing that the rela- 
tionship of the RW inhibitor of hemagglutination to the 
viscous component of solutions of purified inhibitor is one 
of identity: (a) both the inhibitor and the viscous com- 
ponent appear capable of interacting with virus; (b) 
both suffer a change when treated with unheated virus, 
and both are less susceptible to action by heated virus; 
(c) the viscous component has probably a high molecular 
weight, and i t  is liltely that any material of high molecu- 
lar weight which is capable of combining with virus 
would be capable also of inhibiting virus hemagglutina- 
tion; and (d) the specific viscosity of the two purified 
inhibitor preparations, A178 PI11 E I  and A180 PEI,  
which have been studied in detail, is proportional to the 
inhibitory activity. Calculated on a nitrogen basis, the 
activities of these preparations were 41 and 60 times, 
respectively, that of RW, and the specific viscosities a t  
30 y N per ml were 0.075 and 0.105. This proportion- 
ality becomes a valid test when i t  is considered that the 
viscosity of purified inhibitor solutions is contributed 
chiefly by a component (or components) which is suscep- 
tible to virus action, as inferred from the low terminal 
viscosities of virus inhibitor mixtures. 

The reduction in viscosity induced by virus may be 
interpreted as a reduction in the asymmetry of the mole- 
cules (or particles) susceptible to virus action. There 
are several obvious and quite different ways by which 
such a change in shape could be achieved: (a) the mole- 
cules could be fragmented across the long axis; (b) they 
could be made to fold or coil without change in size; 

(') be made to condense with One another 
with simultaneous increase in size and decrease in asym- 

metry ; and (d) form 
with virus particles. Of these ways, the first three could 
be thought to depend on an enzymatic action of t,he 
virus, while the fourth could be regarded as a process 
of stable aggregation of inhibitor molecules and virus 
particles. Support for the latter explanation is provided 

the observation ( 6 )  that a precipitate forms at inter-
faces between EW and purified virus preparations. No 

definite evidence of precipitation has been obtained, how- 
ever, in the present experiments with dilute solutions of 
purified inhibitor; and since inhibitor virus mixtures 
which have been incubated for long periods possess con- 
siderable hemagglutinative activity, comparable to that 
of uninhibited virus, i t  is liltely that the virus separates 
from the viscous component after interadion. Accord-
ingly, an enzymatic hypothesis of virus function offers 
the most reasonable explanation at  the present time of 
the virus induced reduction in viscosity of solutions of 
purified inhibitor. This hypothesis is compatible also 
with the relative independence of the terminal viscosity 
on initial virus concentration and wit,h the failure of 
repeated additions of fresll inhibitor solution to affect 
appreciably the viscosity reducing capacity of virus. 

If the above interpretation is correct, the present ob- 
servations provide the most direct demonstration, so far  
as we are aware, of an enzymatic action of influenza virus 
on a relatively pure and simple substrate. I t  should be 
mentioiled that several previous attempts (1, 92) at  such a 
direct demonstration have failed.:' 
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A new agglutinogen of human blood was recently ob-
served with the aid of an immune agglutinin produced by 
a rrlother of an infant with a mild form of hemolytie 
disease.l This antibody, which behaves like ( (warm ,, 
agglutinin (4),is because of the 

I Thp diagriosis was 1ri;~de by Dr. Kric Ponder on the h:lsis 
"f clinical and hematologic studies. 

"While this Paper was in Press, I).W. wool^^ ( . I .  ? s P .  
Mcd., 1040, 89, 11) reported changes in tlic viscosity of ery-
(hrocyte extr;lcts treatment witti influenza *irlls A (pH8 
str:,i,,). 


