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Inhibition of Influenza V i r u s  Hemagglutination by Purified Plasma 
Mucoproteins.* 18600) 
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AND HUGO .A. FREUND. 

Froin the Research Laboratory, Clddren's Fztnd of Michigan, Detroit, #ich. 

The adsorption of influenza virus to red 
cells, followed by red cell receptor destruc- 
tion and subsequent elution of virus, have 
been suggestive of an enzymatic reaction( 1). 
The probable substrates for such enzymatic 
activity have been shown to be mucopoly- 
saccharides or mucoproteins present in red cell 
receptors (2 .3 ) .  These mucoid substances, 
also found in plasma(4), in blood group sub- 
stances( 2 ) .  and in other biological materials 
( 2 ? 5 ) :  appear to act in competition with red 
cell receptors for virus in the virus hemag- 
glutination reaction(6). The chemical nature 
of these mucoids remains obscure in spite of 
several investigations concerned with their 
isolation and identification ( 7-9). Recently, 
however, Winzler et aZ.( 10) have isolated and 
tentatively characterized plasma mucoproteins 
with low isoelectric points, both chemically 
and elect rophoret icall y . 

* This report is a part oi one phase of the arthritic 
research program initiated and directed by Hugo A. 
Freund, and supported. in part, by funds contrib. 
uted by the Sational Foundation of Rochester, Mich - 
igan and the Michigan Chapter, -4rthritis and Rheu- 
matism Foundation. Blood samples for this work 
were obtained from the Children's Hospital of 
Michigan. 
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This report describes the inhibition of in- 
fluenza virus hemagglutination by an electro- 
phoretically homogeneous mucoprotein. 

Isolation of mucoprotein. The method of 
Winzler et al. ( lo) ,  with slight modifications, 
was used for the preparation of mucoprotein 
from outdated, blood-bank plasma. The 
plasma proteins were first removed by pre- 
cipitation with 1.8 M perchloric acid. Tmhe 
filtrate then was dialyzed and adjusted to pH 
4. ,-\mmonium sulfate was added to the fil- 
trate and the mucoprotein began to precipi- 
tate when the concentration was approxi- 
mately 2 '3 that of saturation. Infusorial 
earth (Johns-Jlanville hyAo super eel) was 
added to make a concentration of approxi- 
mately 40 g per liter of mixture. After stirring 
for a few minutes, the mucoprotein was com- 
pletely adsorbed on the infusorial earth. After 
filtration the mucoprotein was eluted with 
5 100 ml portions of distilled water and the 
solution was saturated with ammonium sul- 
fate, and refiltered. The re-precipitated muco- 
protein was dissolved in a small amount of 
water and dialyzed. The salt-free mucopro- 
tein was dried by lyophilization. The average 
yield was slightly more than 200 mg per liter 
of plasma. Two preparations, designated as 
A and B, were obtained in this manner; an- 
other preparation, C, was obtained by omit- 
ting the adsorption and drying the final prod- 
uct by evaporation at  room temperature. 
Data from analyses of mucoprotein prepara- 
tion -4 are given in Table 11, and are consistent 
with unpublished analyses of several prepara- 
tions. The total nitrogen content is in agree- 
ment with values reported by Weimer, et d. 
( 1 1 ) , but the tyrosine amd carbohydrate val- 
ues are somewhat lower than reported by 
those authors. 

Electrophoretic characterization o/ muco- 
11. Weimer, H. E., Mehl, J. W., and Winzler, R. 

J., Fed. Proc., 1950, v9, 244. 
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TABLE 1. Properties of Purified Plasma Muco- 
protein (Preparation A).  

4.3 x 10-3 M.obility, rmz/se~-./rolt + 

Kjeldahl S 70 10.9 
Tyrosiiie C,i3 1.7 
Carbohydrate 7" 9.6-12.2 
Inhibition titcrt 4096-8192 
pg mucoprotein at jaldbithn 0.3-0.15 

endpoint 

* Awtate buffer pH 4.5, ionic strength 0.1. 
t Reciprocal of dilution starting with 1.25 mg 

mucoprotein. 

TABLE 11. liihibitory Effeots of Purified Muco- 
protein Preparations on Hemagglutination by 

Heated and Unheated Influenza Virus. 

Mueoprotein r \ 

( 5  mg/ml) Unheated virus Heated virtu 

liihibition titer 

Preparation -4 1024 8096- 8192 
" B 10244-4096 M96- 8192 
.' c: variable 4096-16384 

~ 

protein. The 3 preparations of isolated muco- 
protein were studied electrophoretically at pH 
4.5 as described by Mehl et al.( 12), using ace- 
tate buffer, pH 4.5, ionic strength 0.1. The 
electrophoretic determinations were made 
with the Longsworth modification of the 
Tiselius apparatus. Fig. 1 shows the single 
component which appeared in each prepa ra- 
tion and migrated toward the anode with a 
mobility of 4.3 x 1W cm2/sec/volt. 

Eflects of mucoproteins on virus kemagglu- 
tination. The PR8 strain of influenza A viius 
was used in the hemagglutination tests. Pooled 
allantoic fluids, harvested 48 hours after in- 
oculation of 10-day-old chick embryos with 
a 1CP dilution of seed virus, were frozen or 
were refrigerated at 4°C. Aliquots of ;he 
same pools were heated at  56°C for 30 min- 
utes. In a modified Salk pattern test, 3g- 
glutination occurred consistently' a t  a djlu- 
tion of 1:5120 with the unheated virus, and 
of 1:2560 with the heated virus. For the 
virus hemagglutination-inhibition tests, the 
lyophilized mucoprotein samples were a r e -  
fully weighed to an accuracy of 0.1 mg and 
diluted with 0.85% NaCl solution until tliey 
contained the desired concentratim of muco- 
protein. This mucoprotein solution then was 

12. Mehl, J .  W., Humphrey, J,, and Winzler, R. J., 
PROC. SOC. ESP. BIOL. AND MED., 1949, ~ 7 2 ,  106. 

diluted in serial two-fold dilutions in 0.25 ml 
volumes of physiological saline, and to each 
was added an equal volume of diluent con- 
taining 5 hemagglutination units of heated 
or unheated virus. After the mixture was in- 
cubated at room temperature for one hour, 
0.5 ml of a 0.5% suspension of chicken red 
cells was added. The patterns of the sedi- 
mented cells were observed after incubation 
at 4"C, when agglutination of the cells was 
complete. The inhibition titer was arbitrarily 
read as the reciprocal of the highest dilution 
of mucopratein which completely inhi'bited 
hemagglutination. The results of the inhibi- 
tion tests are shown in Table 11. I t  appears 
that all 3 mucuprotein preparations possess 
the capacity to inhibit hemagglutination by 
heat-inactivated virus. The inhibition titers 
of preparations A and B were approximately 
the same, which might be considered further 
evidence of the homogeneity of the purified 
product. With heat-inactivated virus the hem- 
agglutination inhibition titers of preparations 
.4 and B ranged from 4096 to 8192, the mini- 
mal inhibition concentrations being approxi- 
mately 0.15 to 0.3 pg of mucoprotein. Prep- 
aration C exhibited somewhat more variable 
inhibition titers, 4896 to 16,384. The muco- 
protein preparations inhibited unheated, or 
active, virus hemagglutination at a lower and 
often variable dilution. The results with 
unheaded virus paralleled the observations of 
previous investigators, who demonstrated that 
heat-inactivated virus does not destroy virus 
inhibitor, whereas unheated virus affects in- 
hibitors to an extent which depends upon the 
experimental conditions employed. 

Mucoproteins and hemaggtutination-inttibi- 
tion properties of heated serum. Both Mc- 
Crea( 7) and Hirst (4) have demonstrated the 
ability of virus hemagglutination inhibitor in 
plasma to withstand a temperature of 100°C. 
Both studied heat coagulation methods in at- 
tempts to identify this inhibitor as seromucoid. 
I t  was pertinent, therefore, to study the 
electrophoretic characterization at  p H  4.5 and 
Ithe agglutination-inhibition properties of 
heated human sera. Serum samples diluted 
approximately 1 to 3 with acetate buffer, pH 
4.5, were heated at 100°C for 3 minutes. The 
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i I  

WS HEATED ++ SERUM 

i I  

NW HEATED +-. SERUM 

F l G .  1. 
1Sltr.t im1)1ion4s ~ ~ : i , t t c ~ m s  of 1)uqmrti tioils in ace- 

talc.  huff(^. 1'11 4.:. ionic strength 0.1, showing 
t l i r  i ~ i ~ i ~ * q ) r o t ~ i i i  ~ ~ ~ ~ i i i ~ ~ ~ i i e i i t  (I,roken line) in p r i -  
f i c b i l  solutioii. i l l  ~11;iwi;i. :lilt1 in 11t.atrci wrum. 

uncoagulated supernate was prepared for 
electrophoretic esamination according to the 
method of Jfehl et a/.( 13). For the hemag- 
glutination-inhibition tests, aliquots of the 
dialyzed samples used for electrophoresis were 
brought to pH 6.5-6.9 with S a O H  and cor- 
responding serial two-fold dilutions prepared 
with 0.85% saline. 

Electrophoretic analyses of plasma and 
heated serum from 2 individuals representa- 
tive of those with relatively low (ITS) and 
high (NY) mucoprotein concentrationst are 
shown in Fig. 1. In the heat-treated speci- 
mens, a component appeared which had a mo- 
bility of 4.1-4.3 s 10 *j cn$/sec/volt and was 

1.3. Mehl, J. W.. Golden, F.. and Winzler. R. J., 

t In a study of plasma mucoproteins in rheuma- 
toid arthritis. in this laboratory(l4) the plasma of 
arthritic patients has been found to contain much 
hirher concentrations oi mucoprotein than that of 
normal individuals. In the present investigation, 
WS was normal while SW had rheumatoid arthritis. 

PRO(.. SOC. E S P .  BIOL. ASD MED.,  1949. V 5 2 .  110. 

14. Unpublished data. 

therefore considered to be a mucoprotein. 
These mobilities were in close agreement with 
that of the single component observed in the 
purified preparations and with the mobilities 
of similar components in unheated plasma 
from the same individuals. The relative rnuco- 
protein concentrations of the plasma and heat- 
treated sera of WS and NW, together with 
their corresponding hemagglutination-inhibi- 
tion titers, are shown in Table 111. When 
more mucoprotein was present, higher inhibi- 
tion titers were obtained, which indicates a 
relationship of the inhibitor to mucoprotein; 
however. !these inhibition titers with unpuri- 
fied substances may only indicate relative 
amounts of mucoprotein. for the differences in 
titers are not proportional ,to the differences in 
mucoprotein concentrations. From the elec- 
trophoretic patterns of the heated sera, i t  was 
evident that in addition to the mucoprotein, 
another component was present which had 
little mobility a t  pH 4.5, and this component 
may have affected lthe activity of the mucopro- 
tein as an inhibitor. 

Summary. Jlucoprotein was isolated from 
human plasma by the perchloric acid filtrate 
method. This isolated mucoprotein was found 
to be electrophoretically homogeneous, and 
consistently inhibited heinagglutination by in- 
fluenza virus in dilutions which contained 
0.15 to 0.3 pg of mucoprotein. Hemagglu- 
tination inhibition with heated serum also in- 
dicated that the inhibitory substance was a 
mucoprotein. t 

TABLE 111. Mucoprotein Concentrations of 
Human I'lasrria and Relative Mucoprotein Concen- 
trations and  Inhibition Titers of Heat-tretuted 

Human Sera. 

Received February 26, 1951. P.S.E.B.M., 1951, v76 


