
FURTHER STUDIES ON TH E ASSOCIATIVE REACTIONS OF 
PNEUMONIA VIRUS OF MICE (PVM) AND INFLUENZA 

VIRUSES 

COMBINATION WITH VARIOUS .ANIMAL TISSUES AND ADSORBENTS 

BY FRED M. DAVENPORT,* M.D., AND FRANK L. HORSFALL, JR., M.D. 

(From the Hospital of The Rockefeller Institute for Medical Researck) 

(Received for publication, September 8, 1949) 

In earlier studies (1-6) it was demonstrated that pneumonia virus of mice 
(PVM) combines with erythrocytes of the mouse or hamster as well as with 
tissue components present in the lungs of certain mammalian species. With 
the methods employed a similar component capable of combining with the 
virus could not be demonstrated in any tissue of avian species studied nor in 
organs, other than the lungs, of mammals susceptible to infection with (PVM) 
(5). Moreovel, although multiplication of the virus occurs in the lung tissues 
of susceptible mammalian species (7-9), attempts to infect avian embryos or 
extraembryonic tissues with PVM as well as to demonstrate multiplication of 
the virus in non-pulmonary tissues of infected mammals have been uniformly 
unsuccessful (2, 4, 5, 7). These findings indicated that, with the notable ex- 
ception of mouse or hamster erythrocytes, there was an almost complete corre- 
lation between the presence of components which combine with the virus in a 
given tissue and the capacity to support multiplication of the agent. On this 
basis the hypothesis was considered (2, 4, 5) that the lung tissue component 
may be an important factor in the pathogenesis of pulmonary infection with 
PVM and that susceptibility to infection with the virus may be inpart depend- 
ent upon the presence of a tissue component with which the virus can combine. 

During the course of an investigation on the nature of the virus-combining 
component in lung tissue, methods were developed which were more delicate 
than those employed previously to measure the concentration of the component. 
When other tissues were reexamined with the aid of these techniques, it was 
found that a wide variety of organs contain tissue components which combine 
with PVM. Moreover, it was found that the virus can combine with certain 
adsorbents and then can be eluted from them. Adsorption and elution of in- 
fluenza viruses also were demonstrated with the same adsorbents. 

Ma~ials and Methods 

PVM.--$train 15 of pneumonia virus of mice (PVM) (7) was used exclusively. It was 
maintained by occasional lung passage in albino Swiss mice and was stored as a 10 per cent 
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suspension of infected mouse lungs at -70°C. Heat-released virus suspensions in distilled 
water were prepared as previously described (6) and were stored at 4°C. Prior to use, sufl~dent 
NaC1 to yield a concentration of 0.15 M was added. 

Influenza Viruses.--The PR8 strain of influenza A virus and the Lee strain of influer~ 
B virus were used. They were maintained by passage in the allantoic sac of chick embryos. 

Hemagglutinatlon Titraions.--Thetechnique of hemagglutination titrations with mouse 
or chicken RBC, utilizing serial twofold dilutions, and the method of estimating end points 
were identical to those previously employed (6). 

RBC Susp~siom.--Blood from mice or chickens was mixed with an add-cltrate dextrose 
solution (10) to yield a final concentration of 75 per cent. The mixtures were stored at 4°C. 
for periods not exceeding 1 week. As needed, the erythrocytes were washed 3 times in buffered 
saline and made up by volume to the desired concentration. 

Normal Tissue S~pensions.--Normal mice, rabbits, or chickens were selected which 
possessed no demonstrable antibodies against PVM in their serum. After anesthetization the 
vascular system of mice was perfused with saline to free the tissues of as much blood as 
possible. Perfusion was not carried out with rabbits or chickens. Various organs were removed 
from each animal at autopsy and separate organs were ground in buffered saline to 10 per 
cent suspensions by weight in a modified Waring blendor. Grinding was continued for 2 
minutes and the blendor was constantly cooled in an ice bath. Tissue suspensions were stored 
at -28°C. until used. 

Adsorbe~s.--Various commercial adsorbents, enumerated below, were employed. Each 
adsorbent, in a concentration of 10 per cent by weight, was suspended in buffered saline 
and washed 3 times by centrifugation. 

Sol~io~.--Throughout this paper buffered saline refers to 0.15 ~¢ NaC1 solution buffered 
at pH 7.2 with 0.01 M phosphate, and water refers to distilled water. All pH values were 
determined with a Beckman pH meter. 

EXPERIMENTAL 

Virus-Combining Capacity of Lung Yissue.--In early studies (1, 2) the capac- 
i ty  of certain tissues to combine with PVM was demonstrated in mixtures 

containing relatively large amounts  of both tissue and virus. Determinat ion 
of the amounts  of virus in the supernate and in the sediment from such a mix- 

ture gave some indication of the combining capacity of the tissue bu t  did not  

permit  satisfactory quant i ta t ion.  Subsequently (5) a more precise procedure 
was devised; serial dilutions of a tissue suspension were mixed with constant  
small amounts  of virus and the presence of free virus in the supernates was 

determined. The virus-combining titer of a tissue suspension could be deter- 
mined in this manner.  I t  was found (5) that ,  among various tissues studied 
with this procedure, only mammal ian  lung tissue suspensions showed a demon- 

strable capacity to combine with PVM. Employing the same procedure (5) 
evidence was obtained that  the virus and mouse lung tissue combined in 
stoichiometric proportions. I t  should be pointed out that  these studies of the 
capacity of various tissues to combine with PV1VI were carried out under  
definite experimental conditions; all mixtures contained 0.15 x~ NaC1; all super- 
nates were obtained after centrifugation at  10,900 g. for 10 minutes  (equiva- 

lent to 109,000 g. minutes). 
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Recently it was shown (6) tha t  the virus-combining titer of normal mouse 
lung suspensions was directly related to the NaC1 concentration of the mix- 
tures. The results of various experiments carried out during the present s tudy  
raised the possibility tha t  the amount  of centrifugation also might influence 
the result. This hypothesis was tested in the following manner:  

To each of a series of twofold dilutions of a suspension of perfused normal mouse lungs 
in 0.15 ~t NsC1, 16 hemagglutinating units of PVM in 0.15 ~ NaCI was added. Following 
incubation at 37°C. for 30 minutes the mixtures were centrifuged and the supemates were 
tested for free virus by the hemagglutination technique with mouse RBC. The amount of 
centrifugation was varied over a wide range but other variables were kept constant. Mixtures 
of virus and 0.15 ~ NaC1 solution were centrifuged simultaneously to control sedimentation 
of uncombined virus. With the amounts of centrifugation used there was no significant sedi- 
mentation of free PVM. 

TABLE I 
Effect of Centrifugation on PVM-Combining Tiger of Normal Mouse Lung Suspension 

Mixtures 

Normal mouse lung 
suspension in 0.15 

NaCI 

Serial dilutions 

cc c~ 

Lc cc 

?ir~ 
dde 
to 

vael 
]ilu 
tion[ j 

16 10,900] 10 
16 10,9001 15 
16 15,5001 10 
16 15,500l 30 
16 15,500] 60 

Centrifugation Agglutination with supernates vs. mouse RBC 

Gravi- Amount ] Dilution of mouse lung suspension 
tationall Time of cen trif- 
force ugation 

' ] 16 32 64 128 256 512 1024 2048 4096 8192 

g .  r a i n .  - -  - -  - 

109,0001 0 1 2 3 3 
163,000 t0  0 0 2 3 
155,000 i 0 0 0 0 2 3 3 3 
465,0001 0 0 0 0 4- 3 3 3 3 3 
930,0001 0 0 0 0 0 0 0 4- 3 3 

PVM- 
c o m ~  

bining 
titer 

of sus- 
pen- 
sion 

16 
64 

128 
256 

2048 

The results of a typical experiment are shown in Table I. I t  is evident tha t  
as the amount  of centrifugation (the product  of the gravitational force and 
time which is expressed in g. minutes) was increased, the apparent  virus-com- 
bining titer of the suspension also increased. Because it is obvious that  the 
actual capaci ty of the tissue to combine with virus could not be influenced by 
the amount  of centrifugation, it is apparent  that  other factors were responsible 
for the results. 

I t  will be recalled that  in quantitative sedimentation studies (3) with mix- 
tures of normal mouse lung suspensions and PVM, it was shown that  when 
92,100 g. minutes of centrifugation was employed approximately 30 per cent 
of the combined virus remained in the supernate. The addition of mouse RBC 
to such a supernate provides another component with which the virus can 
combine. If  the attractive forces between lung tissue and virus are of the same 
order as those between RBC and virus, as studies (6) with varying electrolyte 
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concentrations suggest, it would be expected that  when all three components 
are present RBC-virus combination, i.e. hemagglutination, should occur when 
RBC concentration exceeds lung tissue concentration. I n  other words, if RBC 
and Iung tissue compete for virus, the result will be determined by  the ratio 
of the concentrations of the combining components. 

On this basis, the effect of the amount  of centrifugation on the virus-com- 
bining titer is readily understood. Increasing amounts of centrifugation result 
in the sedimentation of increasing quantities of combined virus. As progres- 
sively less combined virus remains in the supernate, less virus is available for 
transfer to added RBC and hemagglutination fails to be demonstrable. The 
net effect is an apparent  increase in virus-combining titer which is dependent 
upon a decrease in combined virus in the supernate. I t  is apparent  from these 
results and those obtained previously (6) tha t  both the demonstration of 
PVM-tissue combination and the measurement of virus-combining capacity 
are markedly influenced by  the experimental conditions employed. 

Virus-Combining Capacity of Various Tissues.--Because of the findings dis- 
cussed in the preceding section, it appeared important  to devise a more satis- 
factory technique for the s tudy of PVM-tissue combination and to employ it 
in an investigation on a variety of tissues from various animal species. The 
procedure which was developed for this s tudy takes advantage of the recently 
established facts (6) tha t  PVM-tissue component complexes can be washed re- 
peatedly in the presence of 0.15 ~ NaC1 without undergoing dissociation and 
that  dissociation occurs when the electrolyte concentration is reduced to 0.01 

or less. 

Ten per cent suspensions in 0.15 M NaCI were prepared from a variety of tissues obtained 
from normal mice, rabbits, and chickens as described above. One cc. of each suspension was 
centrifuged at 4,850 g. for 5 minutes (24,250 g. minutes). The superuate was poured off and 
the sedimented tissue particles were resuspended in 1 cc. of a 10 per cent suspension of heat- 
released PVM. The mixture was held at 37°C. for 30 minutes and then centrifuged at 4,850 
g. for 10 minutes (48,500 g. minutes). The supernate was removed, and the concentration 
of free virus was measured by the hemagglutination technique. The sediment was resuspended 
and washed twice in 5 cc. of buffered saline with centrifugation of 48,500 g. minutes at each 
step. The supernate from the second washing was tested by the hemagglufination technique 
to determine the presence of any free virus. Almost without exception there was no demon- 
strable virus in this supernate; in occasional instances titers of 1:4 were obtained. The washed 
sediment was resuspended in 1 cc. of distilled water, held for 30 minutes at 23°C., and centri- 
fuged 327,000 g. minutes. Two-tenths cc. of the superuate was removed and the concentration 
of free virus was measured by the hernagglutination technique. The sediment was then re- 
suspended in the superuate, heated at 70°C. for 30 minutes, and centrifuged 72,800 g. minutes. 
The hemagglutination titer of this supernate was also determined. In each experiment a sus- 
pension of heat-released PVM and saline was carried through all steps in the procedure 
as a control. In addition, a suspension of each normal tissue in saline was carried through 
all steps of the procedure. 

The results of typical experiments are recorded in Table I I .  I t  will be seen 
that with perfused tissues of normal mice, sedimentable particles derived from 
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ei ther  lung or  hear t  muscle combined with large amounts  of PVM.  Sedi- 
mentab le  part icles  obta ined  from all  other  mouse tissues tes ted were also 
capable of combining with  the virus  a l though in smaller  amount .  Par t ic les  
obta ined  from ground mouse RBC,  in contras t  to in tac t  R B C  (2), combined 
with  re la t ive ly  small  amounts  of virus. Wi th  tissues of normal  rabbi ts ,  part icles  

TABLE I I  
Combinalion of PVM with Sedim~ntable Partides Derived from Various Animal Tissues 

Mixture of PVM and sedl- 
mented particles from 

Species Tissue 

Control Saline 
mouse  Lung 

Heart 

Control 
rabbit 

Hcmaggluti- 
nation titer 
of supernate 

512 
8 

64 

Amount of 
virus* ad- 

sorbed from 
supernate 

units 

0 
1260 
1120 

Hemagglutina- 
tion titer of su- 

pernate from 
washed particles 
resus~ed in 

0 
128 
128 

Hemagglutina- 
tion titer of su- 

pernate from 
washed particles 
heated 70"C. for 

30 rain. 

0 
128 
256 

Control 
chicken 

Liver 
Spleen 
RBC 
Kidney 
Muscle 

Saline 

256 
512 
512 
512 
512 

256 

640 
0 
0 
0 
0 

Lung 
Heart 
Liver 

32 
64 
64 

560 
48O 
480 

32 
32 

8 

16 
4 

0 
256 
128 
256 

64 
64 
16 
32 
16 

0 
256 
128 
256 

Spleen 
RBC 
Kidney 
Muscle 

Saline 
Lung 
Heart 
RBC 
Muscle 

256 
128 
256 
256 

256 
256 
256 
256 
256 

0 
320 

0 
0 

64 128 
64 64 
16 32 
0 0 

0 0 
0 0 

16 32 
0 0 
0 0 

Amount of 
virus a re- 

leased from 
washed par- 

tides 

0 

320 
640 
160 
160 
40 
8O 
40 

0 
640 
320 
640 
320 
160 
80 

0 

0 
0 

80 
0 
0 

* Computed on the basis that 1.0 cc. of virus was added to each preparation of tissue 
particles. 

derived from lung, hear t  muscle, and  l iver combined with considerable quan- 
t i t ies of the agent .  Rabb i t  skeletal  muscle was the only tissue tes ted which 
failed to yield part icles with some virus-combining capaci ty.  Wi th  the excep- 
tion of part icles  from chicken hear t  muscle which showed virus  combinat ion 
in minor  degree, tissue part icles  obta ined from normal  chickens possessed no 
demonstrable  combining capacity.  

I t  should be emphasized tha t  in every  instance tissues were obta ined only 
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from animals which possessed no demonstrable antibodies against PVM in 
their serum. Moreover, in the case of mice the vascular system was perfused 
with large amounts of saline to remove as much blood as possible from the 
tissues. That the small quantity of RBC which remained in the tissues could 
account for the combination which occurred with various tissues is highly ira, 
probable in view of the results obtained with ground RBC themselves. Although 
stromata of mouse RBC combine with PVM (2), the technique employed in 
this study does not effectively sediment such stromata and during successive 
washings of the sediment they are discarded with the supernates. 

That the hemagglutinating component which was released from the washed 
and resuspended tissue particles was in fact the virus is evident for a number 
of reasons. The component was not demonstrable in the supernates until the 
sediments were resuspended in distilled water, a procedure which results in 
dissociation of PVM from combination (6). Heating the released component 
at 70°C. for 30 minutes followed by 72,800 g. minutes of centrifugation caused 
no reduction in the hemagglutination titer which is consistent with earlier re- 
suits obtained with PVM (2, 3, 6). In no instance was a hemagglutinating com- 
ponent released from control tissue particles which were mixed with saline and 
carried through the entire procedure. 

The results of these experiments are, in a number of instances, different from 
those obtained in previous studies (2, 5) which indicated that among mamma- 
lian organs only the lung contained a component capable of combining with 
PVM. The development of a more delicate technique for determining the oc- 
currence of combination appears to have been responsible for the present dem- 
onstration that tissue particles derived from numerous organs of the mouse 
and rabbit are capable of combining with the virus in some degree. 

Combination of PVM with Adsorbents.--Because PVM can combine and be 
sedimented with particles derived from a wide variety of animal tissues, it 
appeared unlikely that some special tissue component is necessary for such 
combination to occur. More probable seemed the possibility that the virus 
was adsorbed by tissue particles in a physicochemical sense, and was eluted 
from them when the environment was altered, as by reducing the electrolyte 
concentration (6), increasing the pH (4), or upon heating (2). If this hypothesis 
were correct, it should be possible to demonstrate adsorption of the agent with 
one or another of the adsorbents commonly used in physicochemical studies. 
A number of experiments were carried out as follows.--- 

Adsorbents which are available from commercial sources, such as potato starch, various 
grades of celite and amberlite IRA-400, a n  ion exchange resin, were employed. The adsorbent 
was washed 3 times in buffered saline in the centrifuge and the final supemate was discarded. 
Two ce. of a suspension of heat-released PVM in 0.15 M NaC1 at  pH 6.8 was added to the 
packed adsorbent. The mixture was agitated by tilting to and fro for 10 minutes. The ad- 
sorbent then was sedimented in the centrifuge and the concentration of virus remaining in 
the supernate was measured by the hemagglutinafion technique. 
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As is shown in Table  I I I ,  definite adsorpt ion of P V M  by  celite 503, hytto- 
super cel, po ta to  starch, or amberl i te  IRA-400 was not  demonstrable.  However ,  
adsorpt ion  of 90 per  cent or more of the virus b y  super-cel, celite 505, filter 
cel, or analyt ica l  filter-aid was readi ly  demonstra ted.  I t  is no tewor thy  tha t  
adsorpt ion  of P V M  by  various celites was obta ined only with those grades 
which give slow liquid flow rates,  a finding which is correlated with reduced 
part icle size and increased to ta l  surface area of the adsorbent .  

I t  was to be expected tha t  the a t t rac t ive  forces which bind P V M  to celite 
adsorbents  could be influenced by  changing the ionic environment  and the pH.  
I t  was found tha t  par t ia l  elution of the virus from celite could be achieved b y  
raising the p H  of the mixture  to 9 or more with buffers. 

TABLE I I I  
Adsorption of P V M  on Various Adsorbents 

Hemagglutina- 
Mixture tion titer of 

PVM and adsorbent supernate 

Saline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Celite 503 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hyflo super-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Super-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Celite 505 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Filter-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Analytical filter-aid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Saline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Potato starch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Amberlite IRA-400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

gm.  

. . .  0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

1.0 
1.0 

512 
256 
256 
32 
64 

0 
8 

256 
128 
128 

One-half gin. aliquots of celite analytical filter-aid were washed 3 times in buffered saline 
in the centrifuge, and the final supernates discarded. Two ce. of a suspension of heat-released 
PVM in 0.15 M NaCI at pH 6.8 was added to the packed adsorbent. The mixture was agitated 
by tilting to and fro for 10 minutes. The adsorbent was sedimented in the centrifuge and 
the concentration of virus in the supernate measured by the hemagglutination technique. 
The adsorbent was then washed twice in 5 ce. of buffered saline and resuspended in 0.1 M 
buffer solution of the desired pH. In no instance was virus demonstrable in the supernate from 
the last washing. The mixture was equilibrated by agitation for 10 minutes and then centri- 
fuged. The concentration of virus in the buffer superuate was measured as before. Each buffer 
solution used was shown to be incapable of agglutinating mouse cells. 

The  results  are recorded in Table  IV. I t  will be seen that ,  a l though approxi-  
ma te ly  90 per  cent of the virus was adsorbed b y  the grade of celite employed,  
no elution was demonstrable  a t  p H  8 or below. At  p H  9 and above, elution of 
approximate ly  10 per  cent of the adsorbed virus was obtained.  Tha t  elution 
was due to the alkaline p H  and not  to an ionic effect of the NH3-NI-I, C1 buffer 
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is indicated by the fact that glycine-NaOH buffers at pH 9 or 10 also mused 
elution of the virus in similar amount. That the hemagglutinating component 
released with alkaline buffers was actually the virus was established by specific 
serological identification of the agent with anti-PVM immune mouse serum. 
I t  is of interest that elution of PVM from celite at alkaline pH is analogous to 
dissociation of combined virus from lung tissue particles at pH levels of 10 or 
higher (4). 

Combination of Influenza Viruses with Adsorbents.--Adsorption of influenza 
virus (PR8) on celite has been reported previously (11). Recovery of the 
virus was achieved by treatment with a concentrated solution of isinglass 
(1.2 to 6 per cent) which resulted in displacement of virus from the adsorbent. 

TABLE IV 
Elu:ion of PVM fiom Cdite 

Mixture 

PVM and saline . . . . . . . . . . . . . . .  
PVM and celite,* 0.5 gm . . . . . . .  

gg gg ( |  gg g¢ 

g~ CC gg gg g |  

gg eg gg | g  g¢ 
I • • I m • • 

Hemagglu- 
tination I 
titer of I 

supc]~ale 

512 [ 
64 

64 
64 
64 

Buffer 

Composition 

0.1 x~ NaHsP01 + 
Na~HP0~ 

0.1 ~ NH8 + NI~CI 

7 

8 
9 

10 

Hemagglutinatlon 
titer of supernate 
from adsorbent ~-  
suspended in buyer 

0 

0 
32 
64 

* Celite analytical filter-aid. 

I t  appeared of interest to determine whether adsorption and elution of in- 
fluenza viruses could be achieved by procedures comparable to those employed 
with PVM. 

The technique employed was almost identical to that described above. One-half gin. ali- 
quots of the desired adsorbent were washed 3 times in buffered saline in the centrifuge and the 
final supemates decanted. To the packed adsorbent was added 2 co. of influenza virus-infected 
allantoic fluid which, although not dialyzed, had been adjusted to pH 7 with N/10 HCI prior 
to use. The mixture was agitated for 10 minutes, the adsorbent sedimented, and the amount 
of unadsorbed virus in the supernate measured by the hemagglutination technique. The 
sediment was washed 3 times in buffered saline, and elution of the virus produced by the 
addition of 2 cc. of 0.1 M NHr-NH~C1 buffer at pH 10 to the packed adsorbent. The mixture 
was agitated for an additional 10 minutes, sedimented as before, and the supernate tested 
in the usual manner. 

As is shown in Table V, adsorption of PR8 by all grades of celite tested 
was readily demonstrated. Elution of as much as 50 per cent of the adsorbed 
virus was obtained by the technique employed. I t  will be noted that the amount 
of virus which was eluted under these conditions varied considerably depending 
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upon the grade of celite used. I n  studies on the p H  range over which PR8 
was eluted from celite analyt ica l  filter-aid, b y  methods similar to those de- 
scribed above, it  was found tha t  with 0.1 ~ buffers of NH~-NH4CI or glycine- 
N a O H  at  p H  9, no elution of virus was obtained,  while a t  p H  10 approx imate ly  
25 per  cent of the adsorbed virus was eluted. Serological identification of the 
hemagglut ina t ing  agent  e luted from celite analyt ica l  filter-aid with glycine- 
N a O H  buffer was carried out  with specific an t i -PR8 sera. I t  should be no ted  
t ha t  PR8 did not  elute from celite analyt ica l  filter-aid a t  p H  9, whereas P V M  
was eluted a t  this pH.  This  difference is p robab ly  a t t r ibu tab le  to differences 
in the  viruses themselves. Adsorpt ion of Lee virus and  similar par t ia l  e lut ion 

TABLE V 
Adsorption and E.luaon of Influenza Virus ( P R8) with Various Adsorbents 

Mixture Hernag~lutina- Hemagglutina- 
tion tater of tion tlter of PR8 and adsorbent supernate eluste* 

Saline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Celite 545 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Celite 503 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hyflo-Super-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Super-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Celite 505 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Filter-cel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Analytical filter-aid . . . . . . . . . . . . . . . . . . . . . . . . .  

g r a .  

m 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

512 
32 
8 
0 
0 
4 
0 
0 

256 
256 
64 
32 

128 
32 

128 

* o. 1 ~¢ NI:h-NH,C1 buffer pH 10. 

a t  p H  10 from celite ana ly t ica l  filter-aid also were demonst ra ted  b y  the same 
procedure.  

I n  the experiments  described above,  the  recovery of P V M  or of influenza 
viruses b y  elution a t  alkal ine p H  was considerably less than  theoretical .  At -  
t empts  were made to ob ta in  the release of more virus by  the successive addi -  
t ion of fresh alkaline buffer. 

Experiments were carried out as described above employing 0.5 gin. aliquots of celite 
analytical filter-aid and 2 cc. of the desired virus suspension. After washing the virus-celite 
combination 3 times in buffered saline, virus was eluted in 2 cc. of 0.1 M NI-h-NI-I4C1 buffer 
at pH 10 in the usual manner. The celite was sedimented, the alkaline supernate decanted, 
and the eluted virus in the supernate measured by the hemagglutination technique. An 
additional 2 cc. of alkaline buffer was then added to the packed adsorbent and the elution 
procedure repeated. This process was repeated a third time. 

The  results are recorded in Table VI. I t  will be seen tha t  with PVI~I and the 
influenza viruses employed each addi t ional  al iquot of p H  10 buffer which was 
equi l ibrated with the celite adsorbent  appeared  to contain approx imate ly  50 
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per  cent as much eluted virus as the preceding al iquot.  With in  the  l imits of 
precision of the t i t ra t ion  techniques used, these results suggest t ha t  the ad-  
sorbed viruses tended to be dis t r ibuted between the solid phase and the liquid 
phase in re la t ive ly  fixed proport ions;  of the order  of 10 to 25 per  cent  of ad-  
sorbed virus was eluted a t  each successive step. 

TABLE VI 
Successive Elut ion  o f  P V M  and I~ ¢uema Viruses  f r o m  Cdi te  

Material tested 
Dilution of supernate 

4 8 16 32 64 128 256 512 1024 

PVM and saline . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4* 
Supernate after adsorption with 0.5 gin. ceUte~ 4 
Supemate after washing adsorbent . . . . . . . . . . . .  0 
First eluate, pH 10§ . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Second " " " . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Third " " " .  . . . . . . . . . . . . . . . . . . . . . . . . .  3 

PR8 and saline . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Supemate after adsorption with 0.5 gin. celite. 
Supernate after washing adsorbent . . . . . . . . . . . .  
First eluate, pH i0 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Second " " " . . . . . . . . . . . . . . . . . . . . . . . . . .  
Third " " " . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lee and saline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Supernate after adsorption with 0.5 gin. celite . 
Supernate after washing adsorbent . . . . . . . . . . . .  
First eluate, pH 10 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Second " " 
Third " " 

4 
4 
1 
4 

. . . . . . . . . . . . . . . . . . . . . . . . . .  4 

" . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

4 3 3 3 3 3 
3 3 3 2 0 
0 0 0 
3 3 3 2 0 
3 3 2 0 0 
2 0 0 0 0 

4 3 3 3 3 3 3 
0 0 0 0 
0 0 0 0 
4 3 3 3 3 2 0 
4 3 3 3 2 1 0 
4 3 3 2 0 0 0 

4 4 3 3 3 3 
3 3 3 3 2 0 
0 0 0 
3 3 3 3 2 0 
3 3 3 2 0 0 
3 3 2 0 0 0 

2 0 

2 0 

2 0 

* Degree of hemagglutination. 
:~ Cehte analytical filter-aid. 
§ 0.1 ~ NI-Is-NH, CI buffer. 

DISCUSSION 

The results of experiments described in this paper  demons t ra te  tha t  sedi- 
mentab le  part icles derived from a wide var ie ty  of an imal  tissues possess the  
capaci ty  to combine with PVM,  though in vary ing  degree. The virus  can be 
dissociated in almost  theoret ical  amount  from combinat ion with tissue part icles  
of each sort merely  by  reducing the electrolyte concentrat ion of the mixture,  
as was shown previously with mouse lung part icles and  RBC (6). Adsorpt ion  
of P V M  on and elution from various grades of celite also can be achieved b y  
appropr ia te  control  of the ionic environment  of the mixture.  These findings 
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suggest that combination of PVM with tissue particles is the result of adsorp- 
tive forces operative at the surface of such particles, and may not be attributable 
to union in a chemical sense between the virus and some specific "receptor" 
substance present only in the lungs and RBC of susceptible species, as was 
postulated previously (2, 4, 5). That viruses may combine with one or more 
substances present in susceptible ceils and that such cellular components may 
play an important r61e in virus synthesis or multiplication is a concept which 
is not challenged by the results obtained in this study. However, it seems ap- 
parent that the combination reaction between PVM and substances derived 
from tissues does not give indications of yielding important information as to 
the identity of the substance which may be essential for the multiplication of 
the virus. 

The demonstration that both PVM and influenza viruses are adsorbed on 
and can be eluted from various adsorbents raises the possibility that under 
appropriately controlled conditions considerable purification of these agents 
could be achieved by taking advantage of the extraordinary properties of 
adsorbents in separative procedures. In preliminary experiments, not reported 
in detail in this paper, it has been found that not all the numerous substances 
present in a virus suspension were adsorbed under the conditions described 
in the experimental section. Moreover, only part of the substances which were 
adsorbed on celite were eluted at pH 9 or 10. The eluate, which in the case of 
influenza viruses contained between 25 and 50 per cent of the virus originally 
present, gave evidence of definite purification especially as regards reduction 
in non-virus protein. In other experiments in which either PVM or PR8 was 
adsorbed on celite packed in a column in a manner similar to that previously 
reported (12), elution of virus through the column was achieved with alkaline 
buffers. The extent to which either virus could be purified on a flowing chro- 
matogram under practical conditions remains to be determined. 

SUMMARY 

Tissue particles from a wide variety of animal tissues possess the capacity 
to combine with PVM. Various adsorbents also combine with the virus. Elu- 
tion of PVM from combination with either tissue particles or adsorbents can 
be achieved by appropriately altering the ionic environment. Influenza viruses 
also are adsorbed on and eluted from adsorbents under similar conditions. 
Reasons are presented for thinking that combination of PVM with tissue 
particles results from the action of adsorptive forces between virus and tissue 
particles. 
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