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Density-Gradient Centrifugation 
with Infectious Ribonucleic Acid 
of Foot-and-Mouth Disease Virus 

Abstract. The sedimentation constant 
of an infectious component in ribonucleic 
acid preparations from foot-and-mouth 
disease virus has been determined by 
density-gradient centrifugation. A sedi- 
mentation constant of 37 Svedberg units 
(Sf) was obtained. On the assumption 
that the relation between the molecular 
weight and the sedimentation constant 
found by Gierer is applicable to our sys- 
tem as well, a value of 3.1 x 106 was cal- 
culated for the molecular weight of the 
infectious component. 

In an earlier study (1) we obtained in- 
fectious ribonucleic acid (RNA) prepa- 
rations from the tissues of suckling mice 
infected in vivo with foot-and-mouth dis- 
ease virus, type C. The method employed 
in these investigations was that of Gierer 
and Schramm (2). The isolation of in- 
fectious RNA preparations from four 
animal viruses has been described by 
others (3). 

The infectious component in the RNA 
preparations from foot-and-mouth dis- 
ease virus differed in some properties 
from the intact agent. 

Recently, Gierer (4) was able to cal- 
culate from sedimentation and intrinsic 
viscosity measurements the molecular 
weight of the RNA from tobacco mo- 
saic virus. It was found to be approxi- 
mately 2 x 106. This finding encouraged 
us to determine the sedimentation con- 
stant of the active unit in our RNA 
preparations and to calculate from this 
value the molecular weight of the active 
unit. 

The virus strain used in this study 
was type C. The method of Gierer and 
Schramm (2) was employed for the 
preparation of infectious RNA. The 
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RNA preparations were centrifuged at 
35,000 rev/min (95,000g) for 5 min- 
utes, and the supernatant was used for 
determination of the sedimentation con- 
stant by density-gradient centrifugation. 
This centrifugation method was devel- 
oped because the active unit to be in- 
vestigated was very labile and made up 
only a small part of the total RNA con- 
tent of the preparation. The centrifuga- 
tions were carried out in a Spinco ultra- 
centrifuge, model L, with a swinging- 
bucket rotor SW 39. We employed Plexi- 
glas (plastic) cells with a sector-shaped 
chamber. The chamber had a volume of 
1.8 ml and was 3.7 cm high. During the 
centrifugation the bottom of the cham- 
ber was 9.1 cm from the axis. These 
plastic cells fit in the buckets of the 
rotor and were manufactured in our 
workshop. Gradient columns each 6-mm 
thick were prepared of D2O--H2O mix- 
tures containing 90, 76, 61, 44, and 25 
percent D20O, respectively. The pH of 
the mixtures was stabilized with 0.02M 
phosphate buffer. The loaded cells were 
held at 4?C for 1 hour, then a sample of 
a RNA preparation was floated on the 
column. The cells were centrifuged 110 
and 130 minutes at 38,000 rev/min 
(about 112,000g) and 35,000 rev/min 
(about 95,000g), and the rates of accel- 
eration and retardation were taken into 
account. The values of co2t in the differ- 
ent experiments were in the range from 
9.85 x 1010 sec-1 to 16.75 x 101? sec1. 
The refrigerator was adjusted so that 
the rotor had a temperature of 6?C dur- 
ing the whole run. Afterward, the cen- 
trifugation samples were removed, in 
steps, with a special capillary pipette 
and used for infectivity assay in suckling 
mice (intracerebral), ultraviolet ab- 
sorption, and specific-density measure- 
ments. 

The active unit was detected within a 
relatively narrow zone. A point in this 
zone above and below which the same 
number of infectious units had been 
found ("mean point") was determined. 

The value of the sedimentation con- 
stant (s20 was calculated from the 
equation 

a - po20 J (a -PR) ' R 
no x Ro 

in which a (1.67 g/ml) represents the 
specific density of RNA; p020 and i020? 
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are the specific density and viscosity, re- 
spectively, of water at 20?C; pR and 1R~ 
are the specific density and viscosity, re- 
spectively, of the gradient as a function 
of the radius; R0 and Rt are the radii 
of the "mean point" before and after 
the run, respectively; co is the angular 
velocity; and t is the time. 

Functions PR and TR were determined 
in a sector-shaped diffusion cell, and the 
integral was calculated numerically. 

In control experiments with hemo- 
cyanin from Helix pomatia a mean s%0 
of 105 Sf was obtained in an analytical 
ultracentrifuge, while density-gradient 
centrifugation furnished a value of 104 
Sf, indicating the remarkable accuracy 
of the method. 

The mean s20 value of the infectious 
unit in the RNA preparations obtained 
from foot-and-mouth disease virus was 
37 SI. 

If one assumes that the infectious unit 
in our RNA preparations has the same 
structure as the RNA of tobacco mosaic 
virus, the relationship between the sedi- 
mentation constant and the molecular 
weight found by Gierer (4) may be used 
for calculation of the molecular weight 
of the infectious unit. A value of 3.1 x 
106 was obtained. 

K. STROHMAIER 
M. MUSSGAY 

Federal Research Institute for Animal 
Virus Diseases, Tiibingen, Germany 
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Instrumental Conditioning of 
Lemon Sharks 

Abstract. Two sharks were trained to 
feed at a target which, when pressed, 
caused a submerged bell to ring. Later 
they were trained to press the target for 
remotely placed food. They retained this 
conditioned response after a 10-week 
period of inactivity. 

Captive sharks, like other fishes, 
quickly learn to go to the place where 
they are usually fed. Experiments were 
conducted to determine the extent to 
which they could be conditioned to more 
complex situations (1). 

The sharks used were a male and fe- 
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male lemon shark, Negaprion breviros- 
tris (Poey), each about 3 m long. They 
had been in captivity over 4 months and 
were healthy and active. They were 
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