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Target Molecular Weight of Foot-and-Mouth Disease 
Virus and Poliovirus 

(Accepted 8 October I969) 

The use of ionizing radiation has given much information on the size and structure of 
virus particles (Ginoza, 1963; Contreras & Ohlbaum, i968 ). The relation between virus 
particle size and sensitivity to inactivation by ionizing radiation was postulated by Lea 0 94o); 
later, the target theory was developed (Lea, 1946; Timofeeff-Ressovsky & Zimmer, 1947). 
The amount of genetic material in a virus can be determined by calculating the target 
molecular weight (Ginoza, I967). Even though it is generally accepted that the RNA of 
picornaviruses has a molecular weight of about z x io 6 (Allison & Burke, I962), there 
is very little information about the molecular weight of the genome of many of them. The 
present study was undertaken to determine the size of the genome of foot-and-mouth disease 
virus by means of y-irradiation. For the purpose of comparison, we irradiated simul- 
taneously another enterovirus, poliovirus, under identical experimental conditions. 

Foot-and-mouth disease virus, type O, strain 3, propagated in BHK cells was kindly 
given by the Bacteriological Institute of Chile. In our laboratory it was propagated for at 
least eight passages in primary cell monolayers, prepared from foetal pig kidney. The virus 
stock was kept at - 2 0  ° and contained lO 7 p.f.u./ml. Foot-and-mouth disease virus was 
assayed in foetal pig kidney cells (Sellers, 1955). Poliovirus, type I, BRUNHmDE strain, 
was propagated in HEp z cell monolayers where it reached a concentration of lO 7 to 
Io 8 p.f.u./ml. It was partially purified by ECTEOLA column chromatography (Levintow & 
Darnell, I96O), suspended in o.o2 M-phosphate buffer pH 7"4 and kept at - 2 o  °, at con- 
centration of logp.f.u./ml. Poliovirus was assayed in HEp 2 cell monolayers following 
Hsiung's procedure (Grado, Fischer & Contreras, 1965). 

The 137Cs source of the Faculty of Physics and Mathematics of the University of Chile 
was used for the irradiation. The dose rate was IO 4 rad/hr, repeatedly checked by means of 
ferrous sulphate dosimetry (Weiss, Allen & Schwarz, I956). The viruses used for irradiation 
were suspended in IO% horse serum in water, at a concentration of lO 6 to lO 7 p.f.u./ml. 
Adequate controls were kept at the same temperature of irradiation (16°_+ i ° ) throughout 
the observation period. 

Suspensions of foot-and-mouth disease virus were exposed to several doses of irradiation 
from io 4 to lO 6 rads. The irradiation experiments were done with five samples of foot-and- 
mouth disease virus, resulting in I7 experimental values. There was a direct relation between 
irradiation dose, measured in rads, and the percentage of survival of foot-and-mouth virus 
infection (Table I). 

Poliovirus was irradiated similarly (Table 2). Eight virus suspensions were used; of 
these, three were purified samples, while the remainder were obtained from poliovirus- 
infected cells without further purification. Crude and purified virus preparations showed 
no differences in their response to irradiation. A total of 39 experimental points were 
obtained under these conditions. 

Both viruses followed a single exponential curve of inactivation rate (Fig. I). Foot-and- 
mouth disease virus had a D37 of i6 x io 4 rads, while poliovirus had a Day of 28-8 × lO 4 rads. 

The target molecular weight of the nucleic acid was calculated according to the formula 
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of Ginoza (I967), on the assumption that none of the inactivation was due to the effects 
of radiolysis products from the suspending medium. 

6"03 x Io 23 
Target molecular weight = Da 7 rad x lO n x 9" 

Applying this formula we found a target molecular weight of  4.I8 x IO 6 daltons for the 
RNA of foot-and-mouth disease virus, and 2"23 x io 6 daltons for poliovirus RNA. 

We believe that the inactivation of virus activity observed in our experiments was due 
exclusively to the direct effect of  the ionizing radiation, because the indirect effect was 
suppressed by the addition of IO% serum to the irradiation media. In previous work 

Table I. Effect of  y-irradiation on the biological activity 
of foot-and-mouth disease virus 

D o s e  R e s i d u a l  i n fec t iv i ty  P e r c e n t a g e  
( t a d  x l o  -4) (p . f . u . /ml . )  su rv iva l  

o 3"0 x I O  6 IO0"O 
I9"8 I ' 3  x I06 33"3 
38"6 1-8 N IO 5 6 .0  

IO6"5 0"8 × 10 4 0"3 

Table 2. Effect of  y-irradiation on the biological activity of poliovirus 

D o s e  R e s i d u a l  i n fec t iv i ty  P e r c e n t a g e  
( r a d  x l o  -4) ( p . f . u . /m l . )  s u r v i v a l  

o 5"5 x 106 100 
8 5 ' 0  x ro  6 90  

I6  3"5 x l o  6 63 
33 I -o x 1 o ~ 18 
64 0"3 x l o  5 6 

(Contreras & Ohlbaum, I968), we showed that the addition of protein (5 mg./ml.) provided 
complete protection against the indirect effects of ionizing radiation, since the slope of the 
inactivation curve resulting from y-irradiation of vaccinia virus was the same when the 
virus was irradiated in either the solid or the liquid state. Watson 0952) showed that 
Io % serum was equivalent to protein (5 mg./ml.) in affording complete protection against 
the indirect effect of  irradiation of bacteriophages. It  is also known that when the dose 
rate of irradiation is changed, the survival curve has the same slope, provided that the 
indirect effect is excluded. We obtained the same D37 when polio-virus was irradiated with 
higher doses, using a GYCo source, suggesting again that the survival curve observed in our 
experiments was indeed due to the direct effect of  y-irradiation. 

We have found no data in the literature on the direct effect of  ionizing radiation on 
poliovirus. Our experiments yielded a Da7 of 28.8 x lO 4 rads for poliovirus, equivalent to 
a target molecular weight of  2-23 × 10 6 daltons. This agrees well with the 2 × IO 6 daltons 
measured by electron microscopy (McGregor & Major, I968). 

Foot-and-mouth disease virus is a picornavirus presenting characteristics of both entero- 
viruses and rhinoviruses (Plummet, I965). Although it shows many similarities with other 
enteroviruses it differs from them in some respects. It  is remarkable that foot-and-mouth 
disease virus has a buoyant density of I"43 g./cm, a in CsC1 (Trautman & Breese, I962); 
this value is similar to that of rhinovirus (Chapple & Harris, I966; McGregor,  Phillips & 
Major, t966), in contrast to other acid-insensitive picornavirus which band in the range 
of I '32 to I '34 g./cm? (Schaffer & Frommhagen, I965). We found a D37 of I6 x lO 4 rads 



Short communications 43I 

for foot-and-mouth disease virus, which is less than the one reported by Polatnick & 
Bachrach (1968). With our irradiation data, we estimated that the RNA of foot-and-mouth 
disease virus had a molecular weight of  about  4 × lO6. Brown, Newman & Steward (1963) 
found that the infective RNA of foot-and-mouth disease virus had a molecular weight of  
3"1 × lO 6. A similar molecular weight was found by Strohmaier & Mussgay (I959). The 
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Fig. I. Mean survival curves of foot-and-mouth disease virus and poliovirus after y-irradiation. 
The curves were obtained from five experiments with foot-and-mouth disease virus ( O - - O ) ,  
and eight with poliovirus (e ~). 

demonstration that the R N A  of foot-and-mouth disease virus is apparently larger than the 
R N A  of other enteroviruses may explain some of its peculiarities, especially those related 
to its thermal and acid instabilities (Bachrach et al. 1957). 

This investigation was supported by International Atomic Energy Agency research 
contract No. 558/RB, by the Department of Biology, Faculty of Sciences, and by the 
School of  Medicine, University of Chile. 

Departamento de Virologia 
Facultad de Medicina 
Departamento de Biologia 
Facultad de Ciencias 
Universidad de Chile 

ADELA OHLBAUM 

F. FIGUEROA 
CARMEN G R A D O  

G. CONTRERAS 



432 Short communications 

R E F E R E N C E S  

ALLISON, A. C. & BURKE, D. C. (I962) T h e  nucleic acid contents  of  viruses. Journal of General Microbiology 
27, I8I .  

BACHRACH, H., BREESE, S.S. JUN., HESS, J. J. &PATTY, R.E. (1957). Inact ivat ion of  F M D V  by p H  and tempera ture  
changes  and  by formaldehyde.  Proceedings of the Society for Experimental Biology and Medicine 
95,  I46. 

BROWN, F., NEWMAN, J. E. E. & STEWARD, D. L. (1963). C h r o m a t o g r a p h y  of  infective ribonucleic acid f rom 
F o o t - a n d - M o u t h  Disease Virus on calcium phosphate .  Nature, London 197 , 590 . 

CONTRERAS, G. & OHLBAUM, A. (1968). Target  vo lume analysis of  vaccinia virus:  Influence o f  virus dispersion 
and  noninfect ious  particles. Journal of Virology 2, 1 lO2. 

CHAPPLE, P. & HARRIS, W. J. (I966). Biophysical  studies o f  a rhinovirus.  Ul t racent r i fugat ion  and  electron 
microscopy.  Nature, London 2o9, 79o. 

GINOZA, W. (I963). Radiosensi t ive molecular  weight o f  s ingle-stranded virus nucleic acids. Nature, London 
199, 453. 

GINOZA, W. (1967). The  effect of  ionizing radia t ion on  nucleic acids o f  bacter iophages and  bacterial cells. 
Annual Reviews of Microbiology 21, 325. 

GRADO, C., FISCHER, S. & CONTRERAS, G. (1965). The  inhibit ion by ac t inomycin  D of  poliovirus mult ipl icat ion 
in H E p  2 cells. Virology 27, 623. 

LEA, D. E. (1940). De te rmina t ion  of  the sizes of  viruses and  genes by radia t ion methods .  Nature, London 
146, I37. 

LEA, D. E. (1946). Action of Radiations on Living Cells. Cambr idge  Universi ty  Press, Cambridge,  England.  
LEVINTOW, L. & DARNELL, J. E., JUN. (I960). A simplified procedure  for the  purification of  large a m o u n t s  o f  

poliovirus:  Character izat ion and  amino  acid analysis of  type I poliovirus. Journal of Biological Chemistry 
235 ,  7o. 

McGREGOR, S. & MAJOR, H. D. (I968). Biophysical studies on rhinovirus  and  poliovirus. I. Morpho logy  of  
viral r ibonucleoprotein.  Journal of Virology 2, I49. 

McGREGOR, S., PHILLIPS, C. A. & MAJOR, H. D. (1966). Purification and  biophysical  propert ies of  rhinoviruses.  
Proceedings of the Society for Experimental Biology and Medicine 122, 118. 

PLUMMER, G. (1965). The  picornaviruses of  m a n  and  animals .  A compara t ive  review. Progress in Medical 
Virology 7, 326. 

POLATNICK, J. & BACHRACH, H. L. (1968). Ionizing irradiat ion o f  F M D V  and  its ribonucleic acid. Arehiv 
fiir die gesamte Virufforschung 23, 96. 

SELLERS, R. F. (I955). Growth  and  t i t rat ion o f  the  F M D V  and Vesicular Stomati t is  in kidney monolayer  
t issue cultures.  Nature, London 176, 547. 

SCHAFFER, F. L. & FROMMHAGEN, L. H. (1965). Similarities o f  biophysical  propert ies of  several h u m a n  entero-  
viruses as shown by density gradient  ul t racentr i fugat ion of  mixtures  of  the  viruses. Virology 25, 662. 

STROHMAIER, K. & MUSSGAY, M. (1959). Densi ty  gradient  centr ifugat ion with infectious R N A  of  Foo t  and  
M o u t h  Disease Virus. Science, New York I3O, 217. 

TIMOEEEFF-RESSOVSKY, N. & ZIMMER, W. (I 947). Das Trefferprinzip in der Biologic, Leipzig: Hirzel. 
TRAUTMAN, R. & BREESE, S. S. JUN. (t962). Isodensi ty  ul t racentr i fugat ion of  F M D V  in ces ium chloride. Journal 

of General Microbiology 27, 23 I. 
WATSON, J. D. (1952). The  properties o f  X ray inactivated bacteriophage.  II. Inact ivat ion by indirect effects. 

Journal of Bacteriology 63, 473. 
WEISS, J,, ALLEN, A. O. & SCHWARZ, H. A. (I956). Proceedings of the ISt International Conference for Peaceful 

Uses of Atomic Energy, Geneva 1955, 14. 

(Received 15 July I969) 


