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Zone Electrophoresis Studies on Hemctgglutinin of Hemagglutinating and of 
Masked Strain of Polyoma Virus. (25539) 

ROBERT CRAMER AND SARAH E. STEI%ART (Introduced by J. W. Beard j 
Institut de Recherchvs s z u  lr: Canrev G ROUASY, ’C’illejuif, Seine, Fjfance, and 

Nut .  Cancrr Ins t . ,  Bpfhesdn, Mil .  

Eddy et al. ( 1 ) demonstrated an hemagglu- 
tinin in mouse embryo tissue culture iluids 
infected with polyoma virus. This hemagglu- 
tinin was lacking in cultures with no tumor- 
producing capacity. It was not possibIe to 
dissociate hemagglutination from the cyto- 
pathogenicity and tumor-inducing capacity by 
various methods such as heat treatment, ether 
treatment, limiting dilution titration, and first 
passage plaques from limiting dilutions. The 
authors, therefore, considered hemagglutina- 
tion to be an  inherent characteristic of the 
tumor-inducing agent. Kahler et al. ( 2 ) 
found in electron microscopic studies of puri- 
fied polyoma virus an apparently uniform 
population of particles with a diameter of 40- 
45 mp. By sedimentation experiments in a 
zonal density gradient particle counts were 
found to parallel the hemagglutination titer. 
However, no data on the relation olf number 
of particles observed to possible tumor-induc- 
ing capacity are given. Hartley and Rowe 
( 3 )  showed that culture fluids with high tu- 
mor-inducing capacity might fail to produce 
hemagglutination. It could be demonstrated, 
however, that unmasking of the hemagglutinin 
could be achieved either by heat or RDE 
treatment. It seemed desirable to study the 
interrelation of the different biological at- 
tributes of mouse polyoma issue culture fluids 

by methods other than sedimentation. Pre- 
liminary results of electrophoretic studies on 
the hemagglutinin both of hemagglutinating 
and of non-hemagglutinating (masked) Poly- 
oma strains are given. Comparable studies on 
electrophoretic mobility of tumor-inducing 
capacity? and of cytopathogenicity are in 
progress. 

Materials and methods. Virus. Strain 10100 
with a hemagglutination titer of 1/128 and 
strain 8844 with a titer % both from the Nat.  
Cancer Inst. were used. Both strajns were 
known tot give about 100% early tumor for- 
mation in Swiss mice. Virus was grown in 
2:% horse serum in medium 199. For un- 
masking the hemagglutinin of strain 8844, 
heat treatment for 30 to 60 rnin. in 56°C 
water bath was used. Electrophoresis technic. 
A detailed description of the electrophoresis 
apparatus and technic has been given (4,5,6). 
Tissue culture fluids were treated with one 
cycle of centrifugation for 101 min a t  6000 g in 
a Spinco rotor 40. The  supernate was dia- 
lysed against the buffer used for electrophore- 
sis and mixed with the appropriate quantity 
of cane sugar to fit the density conditiolns for 
introduction into the electrophoresis column. 
Verona1 buffer of pH 8.6 containing 205 g 
sodium diethylbarbiturate and 28 g diethyl- 
barbituric acid in 10 1 of distilled water was 
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used. Electrophoresis was allowed to pro- 
ceed for 2 to) 3 hours a t  room temperature 
with a voltage gradient of 3.5 IT/cm and a 
current of 15 m A. Experiments with and 
without addition of reference substances were 
made. Rabbit hemoglobin and neutral red 
served as reference substances. After comple- 
tion of electrophoresis, the contents of the 
column were run out by a separate sampling 
capillary and divided into fractions of 0.8 
ml or less. The hemagglutination titer of 
each fraction was tested by the pattern 
method(7).  using 0.3 ml from each fraction 
added to 0.3 ml of a suspension of 0.25ci/, 
guinea pig erythrocytes. 

Results. Invariably 2 visible zones of “im- 
purities” appear in all experiments (Fig. 1 1.  
A first opalescent zone (zone T, Fig. 1) mi- 
grates definitely slower than rabbit hemo- 

globin and separates from it. A second very 
sharply defined zone of turbidity (zone 11, 
Fig. 1 )  appeared above the hemoglobin zone, 
equally well separated. A minor turbid zone 
not indicated in Fig. 1 migrated slightly more 
slowly than neutral red. 

No major hemagglutination activity was 
found corresponding to either of these zones 
described. The major peak of hemagglutina- 
tion appeared invariably between zone I and 
zone TI, a zone occupied by rabbit hemoglobin 
i n  the experiments in which this substance 
had been added as reference substance. 

,4s the hemagglutinin assumed the same 
position relative to zone I and zone I1 in ex- 
perimen ts without addition of rabbit hemo- 
globin, the mobility recorded seems to be 
characteristic for polyoma hemagglutinin. 

About 50 to 70% of hemagglutinating ac- 
tivity was recovered in each electrophoresis 
experiment. 

It is evident that major impurities appear- 
ing in crude preparations can be separated by 
zone electrophoresis from the hemagglutinin ; 
these impurities must correspond to undefined 
substances. probably released a t  the moment 
of cell lysis in the culture fluid. A part might 
be due to the 2% horse serum added to the 
original culture medium. 

I t  was intended to compare mobility of the 
hemagglutinin of strain 1000 to mobility of 
the hemagglutinin of the masked strain 8844. 

According to Hartley and Rowe, a certain 
extent of unmasking could be achieved by 
heat treatment. In  our experiments, exposure 
a t  37” for 30 min was ineffective whereas with 
euposure a t  56” for 30 to 60 min a certain ex- 
tent of unmasking could be achieved with 
strain 8844. A remasking occurs when the 
sample is stored at 4” ,  which confirms the 
findings of Hartley and Rowe. 

The hemagglutinin of the unmasked 8844 
strain assumed the same position in the elec- 
trophoresis column as hemagglutinin of strain 
1000 (Fig. 2 ) .  As electrophoresis was not 
extended over more than 3 hours, possible 
minor differences in electrophoretic mobility 
could have escaped observation. The rela- 
tively short time of electrophoresis was com- 
pensated by increasing inspection density i.e., 
in sampling as small volumes as are compat- 
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ibIe to test the hemagglutination. This 
seemed justified in sugar gradient zone elec- 
trophoresis because of the great stability 
against convection offered in this system. 

Some electrophoresis experiments were 
done to test the possibility that a definite 
virus-inhibitor dissociation could be achieved 
in zone electrophoresis. For unmasking strain 
8844. treatments with potassium periodate or 
RDE that would destroy or inactivate the in- 
hibitor were avoided. The reasoln for this is 
that only preparations in which the inhibitor 
is preserved can be used for testing the possi- 
bility that a definite hemagglutinin-inhibitor 
dissociation may be achieved by zone electro- 
phoresis. For this purpose, in some experi- 
ments, zone I (Fig. 1 )  of opacity was care- 
fully removed by the first capillary that 
served to introduce the sample into the elec- 
trophoresis column. The hemoglobin zone 
containing the hemagglutinin was then re- 
moved separately by a second capillary, care 
being taken to finish sampling a t  a moment 
when the lower boundary of zone I1 (Fig. 1) 
just appeared above the tip of the second cap- 
illary. The hemagglutination titer of the 
purified hemagglutinin fraction was tested a t  
once. At the same time, the hemagglutinin ti- 
ter of the control sample of unmasked 8844 
strain that had been used in electrophoresis 
but had been kept a t  the temperature of the 
room where the experiment was performed, 
was likewise tested for hemagglutination. T o  
test the remasking effect, an aliquot of un- 
masked, not electrophoresed and unmasked 
"purified virus" was kept for 24 or 48 hours 
a t  4". After this time, both were again tested 
for hemagglutination using the same guinea 
pig erythrocytes in the same concentration. 

Provided the stability of the hemagslutinin 
in the purified state is the same as observed 
in crude preparations, a comparison of hemag-. 
glutination titers of control and electropho- 
retically purified hemagglutinin before and 
after remasking treatment should indicate 
whether or not an inhibitor-hemagglutinin dis- 
sociation can be achieved by zonal electro- 
phoresis. 

One such experiment gave the results indi- 
cated in Table I. 

The masked strain 8844 was used. For this 

TABLE I. Uiiniaskirig of 8844 Strain by Heat 
Trea tinelit and Eff cct of Electrophoresis 011 Rc- 

masking Effect. 

7--- €€A titer _I 

Rcfore rc- 
masking at  

Before Af te r  cornplctioii 

8844 iiig iiig phoresis iiia slsiiiq 
ultltl>tsk- ulli11:lsk- of elpctro- After re- 

Control 1/8 1/64 1/64 1/8 
I3lt~tropho- 1/P 1/64 1/32 1/32 

resccl 

strain, obtained from the Nat. Cancer Inst., 
a HA titer of % was found. When the sam- 
I)le was retested one month later after having 
stayed a t  -70", a titer of was recorded. It 
is not clear if during this time some inhibitor 
action was lost. After heating a t  56" for 60 
min., an unmasking was found, the HA titer 
being 1/64. A remasking of the control sam- 
ple was observed after treatment a t  4' for 24 
hours. No remasking was observed with elec- 
trophoresis fraction 8, as the same HA titer of 
1/32 was observed whether the fraction was 
tested immediately after completion of elec- 
trophoresis or after having been for 24 hours 
a t  4". The possibility has been considered 
that the absence of remasking of purified elec- 
trophoresed virus might be due to the sac- 
charose environment of the electrophoresis 
column rather than to a definite virus-inhibi- 
tor dissociation. Therefore, virus was added 
to saccharose in veronal buffer to give a final 
dilution of 20% and an aliquot was added to 
the same amount of veronal buffer. An initial 
titer of 2 was found. After heating for 1 hour 
at 56", unmasking to a titer oif 64 occurred. 
In  both the saccharose and the veronal sam- 
ples remasking to a titer of 2 occurred after 
staying a t  4" for 24 hours. Another cycle of 
unmasking and remasking with the 2 samples 
gave the same result. The  saccharose envi- 
ronment, therefore, can not be responsible €or 
the unmasking. A definite dissociation be- 
tween the hemagglutinin and its inhibitor by 
electrophoresis seems to be the most plausible 
explanation. 

Summary. 1) Polyoma virus hemagglutinin 
of a hemagglutinating strain 1000 and of a 
masked strain 8844 were examined by zonal 
electrophoresis in a denlsity gradient of cane 
sugar. 2 )  The masked strain 8844 was un- 
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phoresis. 3) Both hemagglutinins migrated 
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bit when tested after an 
phoresis for 3 hours a t  pH 8.6. 4) Support 24c), 

1. Eddj-, H .  E., R o w .  \V. I’ Hartlc). J .  I\.., Kcccived January 2 5 ,  1960. P.S.E.B.M., 1960, v103. 

D eiii on s t r a t i on of In1 ni u n e Re s p on s e to Foot - a nd-M ou t h Disease Vaccine 
In Protection Test in I-outig Adult Mice. (25640) 
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Since its development in 1938. aluminuni 
hj? d r osi d e ads or bed foot -and - m o u t h (1 i seas ti 
virus vaccine ( 1.2 ) has gained n.ide accep- 
tance throughout the n-orld. Potency tests 
of this vaccine are generally conducted in cat- 
tle. the nuniber used varying according to the 
quality of the test(3,4,5). The high cost of 
the test and the difficulty in infected cou!itries 
of obtaining susceptible cattle qenerally m,il;e 
impracticable the potencj. testing of e x h  
batch of vaccine. It x~-ould be highly tlesir- 
able, therefore, to find a laboratory animal 
that could be used as a substitute for cattle 
in such tests. Recent publications show that 
this problem is being investigated elsewhere. 
Uhlmann and Traub(6) refer to use of suck- 
ling mice to determine immune response of 
vaccinated adult mice and Skinner( 7 )  refers 
to use of adult mice, the immunity Qf which 
is tested by antibody titration in suckling mice 
(as cited by Henderson,S). The experience 
that foot-and-mouth disease virus could be 
adapted to adult mice(8), led to investigation 
of the immune response of these animals to 
aluminum hydroxide adsorbed vaccines, as- 

*Project of Pan  American Sanitary Bureau fi- 
nanced by Technical Cooperation Program of Organ- 
ization of American States. 

____-_- 

sessing the immunj ty established by response 
to inoculation of the vaccinated mice with 
atlapted strains of virus. Brief reference to 
this work has already been made(9) and in 
the present paper a description is given of ex- 
periments performed to evaluate the protec- 
tion produced in young adult mice by foot- 
and-niouth disease vaccines prepared from 
i-irus of different sources and to determine if 
the protection afforded was type specific. 

:I/atrricrZs and methods. A Rockefeller In- 
stitute strain of Swiss mice was used. Those 
referred to as suckling mice were 6 to 8 days 
old. The young adult mice were weaned mice, 
3 to 6 weeks old, weighing 9 to 13 g at begin- 
nipg of experiments. Older mice, u p  to 8 
n-eeks and 2 1  g weight, were also used for cer- 
tain preliminary experiments with type 0 
vaccines. Aluminum hydroxide formalised 
vaccines were used that had been prepared in 
the State Veterinary Research Inst., Amster- 
dam, Holland : the Veterinary Rexarch Inst., 
Jlaracay, I’enezuela; the Animal Biol. Inst., 
K i o  de Janeiro, Brazil or in Pan American 
Foot-and-Xouth Disease Center. The  virus 
for vaccine preparation was olbtained by the 
Frenkel method of culture( lo) ,  by inocula- 
tion of the tongue of cattle or by infection of 


