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Ult racent r i fuge  Concen t r a t ion  of Pol iovi rus  a n d  Effect of Calf Serum 
a n d  Gelatin.  (23356) 

SAMC‘EL BAKON (Introduced by G. A. Hottle) 
Sationul  Znstit iites of Healtla, I)izli.+ion of Biologics Standards,* Betlaesda, M d .  

A primary objective in establishment of a 
poliomyelitis vaccine safety testing program 
has been to develop methods for detection of 
the possible presence of live poliovirus in large 
volumes of poliomyelitis vaccine. Testing of 
a concentrated poliomyelitis vaccine offers the 
possibility of combining the facility inherent in 
manipulating small volumes with the polio- 
virus sensitivity of the monkey kidney tissue 
culture system. Although a number of physi- 
cal and chemical methods have been used for 
concentrating poliovirus. ul tracen trif ugation 
offers a practical and simple procedure involv- 
ing minimal manipulation or additions of com- 
pounds foreign to a biological product. An 
investigation of the effectiveness of poliovirus 
concentration in the ultracentrifuge was un- 
dertaken because of paucity of data on ultra- 
centrifuge concentration of infectious tissue 
culture fluids in contrast to the more carefully 
studied behavior of infected tissue extracts 
(1.2,lO). Results of the present study indi- 
cate that poliovirus sedimented from experi- 
mental vaccine or Medium 199 has the unde- 
sirable quality of forming a loose aggregate 
easily disturbed by fluid movement. Addition 
of small amounts of calf serum or gelatin to 
the system results in formation of a firm pel- 
let which contains most of the virus. 

Material and methods. Type I (Mahoney), 
Type I1 (MEF1), and Type I11 (Saukett) 
strains were obtained in monkey kidney tissue 
culture fluid from Dr. Fred Stimpert, Parke, 
Davis and Co.: Detroit, 3Iich. They were 
passaged 4 or 5 times in monkey kidney tissue 
culture and stored at -20°C or in a solid C02  
chest. Trypsinized monkey kidney tissue cul- 
tures were used. These were grown in roller 
tubes, 2-ounce prescription bottles or 1 -liter 
bottles with either lactalbumin hydrolysate 
medium or IIedium 199 ( 3 . 4 ) .  each contain- 
ing 2% calf serum. These sera were deter- 

* N.I.H., Public Health Service, U. S. Dept. of 
Health) E,ducation and Welfare. 

mined to be free of poliovirus inhibitors by 
roller tube titration of virus in the presence 
of 4cj/( serum. Maintenance medium was the 
same as the growth medium except that only 
I$, calf serum was used. Virus titers were 
determined initially with roller tubes using 5 
tubes per either 3.2 fold or 10 fold dilutions 
in medium. Endpoints were calculated as the 
number of 50% tissue culture infectious doses 
(TCID,,,) per 0.5 ml of inoculum(5). Sub- 
sequently plaque titrations in stoppered 2- 
ounce tissue culture bottles were used (6,7) 
and the results expressed as plaque-forming 
units (PFU) per 0.2 ml. To simulate a 
residually infected vaccine whose behavior in 
the ultracentrifuge could be studied, commer- 
cially prepared poliomyelitis vaccine or Me- 
dium 199 was used to dilute infectious virus 
from original titers of 107.0 TCIDSo per 0.5 
rnl to as low as TCID50 per 0.5 ml. 
These fluids, at pH 7.0 to pH 7.6. were cen- 
trifuged in a Spinco model “L” Ultracentri- 
fuge. A No. 30 rotor was used. Thirty-three 
nil stainless steel centrifuge cups with alumi- 
num caps were filled to capacity with fluid 
containing virus and centrifuged a t  30,000 
rpm (78,000 times gravity). To minimize 
convection currents, the chamber temperature 
was set to -20°C in order to maintain the 
fluid a t  4OC. Deceleration was allowed to 
proceed without application of the brake. 
Various fractions of supernatant were col- 
lected by gentle aspiration through the center 
hole in the centrifuge tube cap with the use 
of a syringe and side hole 14 gauge needle 
submerged to a predetermined depth. Any 
material remaining attached to the cup wall 
was worked free with a rubber policeman and 
recovered with three 1.0 ml rinses of medium. 
This suspension was designated as a sediment. 
In later studies, a pipette was found to be 
more convenient for resuspension of the sedi- 
ment than the rubber policeman and gave 
equal virus recovery. Fractions, without 
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TABLE I. Distribution of Type I1 Poliovirus, Added to Poliomyelitis Vaccine, after Ultrn- 
centrifugation. 

r-Total TC1Drj-T 
Recovered 
from con- Present 7% poliovirus” in-- 

Time ccn- Supernatant tents of in  control Calculated 
trifuged Upper Lower centrifuge held in  re- from 

Esp.No. (hr)  31ml  2 m l  Sediment cup frigerator dilution 

1 2 26 60 14 102.4 1 0 2 . 4  102.8 
2 2 25 62 13  100.7  107.1 107.8  
3 2 40 52 8 102.7 102.9 108.0 
3 3 0 77  23 1 0 2 . 0  102.9 108.0 
4 4.3 5 90 5 102.4 102.5 10’*8 

* Expressed as % of total TCID, recovered from contents of centrifuge cup. 

clarification, were assayed for virus content 
immediately or after storage a t  4OC overnight. 
Gelatin was prepared as a 6% stock solution, 
heated to 80°C for 20 minutes and filtered 
through an S-1 Seitz-type filter pad. 

Results. Sedimentation of virus from vac- 
cine or culture medium. Experiments were 
conducted to determine effectiveness of ultra- 
centrifugation for concentrating MEFI polio- 
virus in serum-free Medium 199 and in com- 
mercially prepared vaccine. Diluted virus sus- 
pensions, designed to simulate an incom- 
pletely inactivated vaccine, were centrifuged 
for 2 to 4.3 hours a t  78,000 times gravity. 
The upper 31 ml of supernatant, lower 2 ml 
of supernatant, and sediment were removed 
separately and assayed simultaneously with 
an uncentrifuged control aliquot kept in a 
centrifuge cup at 4OC during the experiment. 
Results of these titrations, expressed as per- 
centage of the virus recovered in supernatant 
fractions and sediment, and as total virus con- 
tent, are shown in Table I. The yield of the 
virus in supernatant plus pellet was compared 
with the total virus derived from the control 
and with that calculated from the initial virus 
dilution. Virus recovery in experiments with 
small and large amounts of virus closely ap- 
proximated the expected result. This indi- 
cates that there was no loss or inactivation of 
virus in the concentration procedure. Al- 
though most of the added virus was concen- 
trated in the lower 2 ml portion of the super- 
natant, it was not adherent to the cup wall 
and thus was not collected with the sediment. 
Increased time of sedimentation did not sig- 
nificantly increase virus content of the sedi- 
ment but did increase the fraction of virus in 

the lower supernatant. In experiments in 
which virus was diluted in Medium 199 with- 
out serum, rather than vaccine, in only 2 of 
12 instances was the virus concentrated satis- 
factorily in the sediment. It was concluded 
that poliovirus added to vaccine or Medium 
199 could not be satisfactorily concentrated 
in the sediment with the existing method. 

Eflect o/ calf serum on concentration of 
virus from vaccine or medium. In previous 
work done in connection with virus stability, 
i t  had been noted that when calf serum was 
present in the suspension a firm small brown 
pellet appeared following centrifugation, but 
did not form in the absence of serum. Thus 
it appeared to be due to the serum. It was 
considered possible that a “calf serum pellet’’ 
might enmesh sedimented virus and hold it 
to the cup wall. On this basis the virus sus- 
pension was centrifuged for 5 hours in the 
presence of 5% calf serum. Analysis revealed 
96% of the virus in the pellet, no virus in the 
upper 31 ml supernatant, and 4% of the virus 
in the lower 2 ml supernatant. In this in- 
stance, addition of calf serum resulted in a 
pellet which contained almost all the polio- 
virus. In other experiments similar results 
were obtained whether the serum was heated 
at  56°C for 30 minutes or was unheated. To 
determine the minimal amount of serum re- 
quired to cause virus adherence to the cup 
wall, 3 or 4 hour centrifugations were done 
with 0% to 4% calf serum. Results shown 
in Table I1 indicate that a minimum of 1% 
calf serum in 33 ml of fluid results in ade- 
quate concentration. This is correlated with 
the observation that a definite pellet was not 
observed in cups with less than 1% calf se- 
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TABLE 11. Effcct of Varying Conccntrations of 
Calf Serum on Type I1 Poliovirus Distribution 

a f te r  Ultraccntrifugation for 3 or 4 Hours. 

% poliovirus" in 
% calf serriiii Sript\rnatant Sediment 

.o 

.o 

.o 

.o 1 .'j 

.oci 
2 5  

1 .o 
1.0 
9.0 
4.0 

36 
37 

1 9 
43 
39 

0 
1 
0 
0 

- -  
I a 

64 
(j 3 
25 
81 

01 
100 
99 

100 
100 

-- 
; ) I  

' ICsl)ressc~d 3s y6 PFTJ of total w e o w r e d  froin 
coritcwts of wntrifugt1 cup. 

rum. 
Studies described above were done using 

JIEF, strain of Type TI poliovirus. I t  was 
found that Types I and 111 could be concen- 
trated under similar conditions. The time re- 
quired to concentrate the virus in the serum 
pellet was determined by centrifugation for 
varying periods. The results of experiments 
with all 3 types of poliovirus are illustrated in 
Table 111. They indicate that maximal con- 
centration in the pellet occurred between 2 
and 3 hours of sedimentation when at least 
1% calf serum was present. 

In previously studied systems some remis- 
ing of partially sedimented material usually 
occurred during deceleration (8) .  This was 
caused by the tendency of the fluid to con- 
tinue rotation. More rapid deceleration in- 
creased the tendency. To minimize this ef- 
fect, all early centrifugation experiments were 
conducted without application of the brake. 
To determine whether braking would inter- 
fere with concentration of poliovirus in the 
serum pellet, aliquots of virus in Medium 199 

ThBDT,E 111. Effect of Timc of l-ltr3c.c~ntrifug:i- 
tion on Sedimeii tation of Polinvirus in the P r w -  

CIlCCL of Calf Xerun1. 

A-o. of cs- 
Time (hr )  perinleiits 

7 0  poliovirus" i n  

centrifuged averaged Supernatant Pellet 

77 
99.5 

4 33 2 

4 e 2 98 
5 1 4 90 
8 1 3 97 

0 . .) 

*Expressed as % of total  TCID, recovered 
from contents of centrifuge cup. 

T.4P,TAE IV. Effect of Calf Sera, Containing In -  
1iil)itors to Poliovirus, on Concentration by Ultra- 

centrifugation. 

Total  virus* 
Total virus* i n  recovered 

from con- 
Super- tents of cen- 

(<:1lf SCI'I1111 natant Sediment tr ifuge cup 

s 0 11 P 4.2 3.8 4.3 
27% s o .  ti 2.3 3.8 3.8 
27% 7 '  7 <2.2 3.8 3.8 

-, Es])r~~ssed as log,, PFU.  

2 c/o " 4 2.6 2.7 3.0 

with 1y calf serum were centrifuged for 3 
hours with and without rapid deceleration 
through application of the brake. In  repeated 
experiments over 95% of the virus was re- 
covered from the pellet under both conditions. 
This indicated that virus once incorporated 
into the calf serum pellet is not readily re- 
suspended by disturbances due to braking. It 
was also determined that decantation of su- 
~wrnatant gave the same good virus recovery 
from the pellet as did aspiration of superna- 
tant. 

Other materials which result in satisfactory 
c-oizccintration into a pellet. The presence of 
inhibitors to poliovirus in occasional lots of 
calf serum would be expected to decrease the 
quantity of virus which could be recovered 
when these sera were used. Such an effect 
occurred with the 3 calf sera shown in Table 
11-. This led to a search for a material which 
would result in satisfactory concentration and 
also be free of inhibitors. So that a rational 
choice of possible substitutes could be made, 
a study was undertaken to determine which 
component of calf serum was responsible for 
the effect. Tt was found that dialyzed serum 
retained its effectiveness, indicating that the 
activity was associated with the protein por- 
tion. Paper electrophoretic analysis of calf 
serum. serum supernatant, and serum pellet,t 
indicated that various globulin components 
were concentrated into the pellet. This sug- 
gested that large protein molecules might 
have the same effect as calf serum. Some of 
the materials studied for this property are 

t Done 'by Dr. Aaron Cooper of tihe Division of 
Biologics Standards, N.I.H., Public HeaZtIh Service, 
V. S. Dept. of Health, Education and Welfarc. 
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TABLE V. Effect of Various Additives on Con- 
centrntioii of Poliovirus by Ultraceiitrifugation. 

Total virus" 
Total virus" in  recovered 

from con- 
Supcr- Sedi- tents of cen- 

Additive natant ment trifuge cup 

None 4.7 3.1 
Bovine fibrinogen .3oJc 2.3 3.7 

" y-globulin .37" 2.5 3.8 
Bacto hemoglobin .3% 3.3 4.1 
Gelatin .370 2.5 4.5 
Horsc serum 3% 4.1 3.1 
Rabbit " 37' 4.2 3.7 
Control titer 

4.7 
3.7 
3.8 
4.1 
4.5 
4.1 
4.3 
4.4 

* Expwssed as log,, PFU.  

shown in Table V. Gelatin (Nutritional Bio- 
chemicals Corp.) was chosen for further study 
because it resulted in satisfactory concentra- 
tion into a discrete pellet and was free of in- 
hibitors to poliovirus. The other materials 
were eliminated either because they did not 
result in satisfactory concentration or because 
they were inhibitory to poliovirus. Table VI  
summarizes an experiment designed to deter- 
mine minimal concentration of gelatin re- 
quired satisfactorily to concentrate poliovirus 
into a pellet. I t  can be seen that 0.015% 
concentration was minimal. It should be 
noted from the total virus recovered that gela- 
tin is free of inhibitors to poliovirus. 

Concentration of virus preparations partly 
inactivated by  formalin. Under conditions 
described above live poliomyelitis virus can 
be effectively concentrated from medium or 
vaccine to which i t  has been added. To in- 
vestigate the possibility that virus incom- 
pletely inactivated by formaldehyde might 
behave differently, experimental poliomyelitis 
vaccines containing residual live virus were 
sedimented for 3 hours in the presence of calf 
serum or gelatin. In repeated experiments, 
effective concentration of virus was obtained. 
This indicates similar sedimentation behavior 
of untreated and formalin treated poliovirus 
and suitability for use in a vaccine safety test. 

Discussion. It has been shown that a large 
fraction of poliovirus sedimented from serum- 
free fluids generally is not collected with the 
sediment but rather with the supernatant. In 
the presence of added calf serum or gelatin 
the virus is concentrated in a pellet. It seems 

unlikely that calf serum exerts this effect 
through an increased rate of virus sedimenta- 
tion, because comparison of Tables I and I11 
indicates that virus is as readily sedimented 
in the absence as in the presence of serum. 
Another possible interpretation is that the ef- 
fect of calf serum is mediated through in- 
creased viscosity as has been demonstrated 
with sucrose( 8) .  This seems unlikely because 
the calculated change in viscosity induced by 
1% calf serum is very small. An explanation 
which seems to be supported by the data is 
that a calf serum or gelatin pellet is able to 
associate with sedimented poliovirus and pre- 
vent dispersion by firmly binding i t  to the 
cup wall. This would explain the observation 
that sedimented virus collected a t  the base of 
the centrifuge cup, but was firmly adherent to 
the cup wall only in the presence of calf serum 
or gelatin. The interpretation assumes that 
virus sedimented from serum-free fluids forms 
a loose sediment which is easily disrupted as 
the supernatant is collected. Additional sup- 
port for this view comes from experiments in 
which diminishing amounts of calf serum were 
used. When the quantity of serum became 
too small to form a visible pellet, the system 
simultaneously lost the ability to satisfac- 
torily concentrate virus into the pellet. 

Silverberg(9) observed that a 20% mouse 
brain suspension of Lansing Type I1 polio- 
virus was concentrated satisfactorily by ultra- 
centrifugation while a 1% suspension was 
poorly concentrated. When 10% normal 

TABLE VI. Effect of Diminishing Amounts o f  

Total virust 
% virus" in  recovered 

from con- 

(final cone.) natant Sediment trifuge cup 

Gelatin on Concentration of Poliovirus. 

YO gelatin Super- tents of cen- 

.O6 

.06 

.06 

.015 

.004 

.001 

.00025 

.o 

.o 

4 
1 

12 
3 

57 
88 
81 
77 
67 

96 
99 
88 
97 
43 
1 2  
19 
23 
33 

~ ~~ 

4.2 
4.3 
4.4 
4.5 
4.3 
4.2 
4.4 
4.3 
4.0 

*Expressed as 70 of total PFU recovered from 

t Expressed as log,, PFU. 
contents of centrifuge cup. 
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mouse serum was added to the 1 %  suspen- 
sion, good concentration occurred and was as- 
sociated with the appearance of a discrete pel- 
let. The results of this study did not permit 
conclusions as to the mechanism involved and 
the variable factors in the system were not 
further studied. 

A disadvantage of calf serum for concen- 
tration is the too frequent presence of in- 
hibitors to poliovirus. One alternative was to 
substitute sera from other species. Results 
with horse and rabbit sera indicated that 
these sera a t  370 concentration lacked the 
ability to form a similar enmeshing pellet. 
Electrophoretic studies of calf serum pellets 
showed that they were mainly composed of 
the larger serum molecules. This suggested 
that other large protein molecules would form 
such a pellet. A study of some readily avail- 
able proteins showed that gelatin (Nutritional 
Biochemicals Corp.) could form a poliovirus- 
enmeshing pellet and was free of inhibitors. 

The data presented demonstrate that re- 
producible concentration of poliovirus can be 
accomplished by sedimentation a t  78.000 
times gravity in the presence of 276 inhibitor- 
free calf serum or 0.06% gelatin. Such con- 
centrated virus can be used for chemical. 
physical and serological studies as well as 
safety testing of larger volumes of poliomye- 
litis vaccines in a simplified, practical man- 
ner. 

Summary. Studies were undertaken to de- 
termine the efficiency of concentration of po- 
liovirus from tissue culture fluids in the ultra- 
centrifuge. Under suitable sedimentation 
conditions most of the virus was concentrated 

to the lower portion of the centrifuge cup, but 
in the absence of calf serum was not present 
in a sediment adherent to the cup wall. Ad- 
dition of calf serum resulted in formation of 
a firm, discrete pellet attached to the centri- 
fuge cup wall which contained more than 
955% of the virus. Further experiments indi- 
cated that the activity was associated with 
the globulin protein fraction of calf serum and 
that gelatin had a similar effect. Studies 
varying the amounts of calf serum and gelatin 
and duration of ultracentrifugation indicated 
that 2'76 calf serum or 0.06% gelatin and 3 
hours centrifugation are minimal for effective 
concentration of poliovirus when sedimented 
a t  75,000 times gravity in the number 30 ro- 
tor of the Spinco model "L" preparative Ultra- 
centrifuge. 

The author would like to acknowledge the valuable 
suggestions made by Dr. Robert Rudigian during the 
initial stages of this study, and the technical assis- 
tance of Mr. George Gardner. 
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Postirradiation Creatinuria in Macnca mulatta." (23357) 

GEORGE 34. KHISE, CLYDE M. WILLIAMS, AND DONALD R.  ANDERSON 
Radiobiological Laboratory, The University of Texas and the United States Air Force, Austin, Texas 

The authors have observed a profound cre- atinuria in rats immediately following large 
doses of radiation ( 1 ) . Subsequently it was *This work was supported in part with funds 

provided under Contract A F  41(657)-149 and fie found thct 2 dogs irradiated with 400 and 500 
School of Aviation Medicine. rep of X-ray, respectively, did not excrete ex- 


