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Bachrach c~t  nl .  reported thermal resistance 
of a small fraction (0.001) of a wild strain of 
foot-and-mouth disease virus (FlIDI') grown 
in tissue culture( 1 ) .  The present communi- 
cation dcals with the genetic homogeneity of 
this strain. The study shows that the ther- 
mal-resistant virus fraction. after subsequent 
passages in tissue culture under continuing 
heat selection. yields virus populations con- 
taining a much higher proportion of thermal 
resistant particles than were present in the 
11- i 1 d pop ti 1 at  i o n . However , further passages 
of such populations, made without selecting 
out the thermal-resistant fraction. yield virus 
populations which have partially reverted 
ton-ard the heat sensitivity of the wild strain. 

JIutcriul  ai7d incthods. IT'iid ilirus was 
ITJJD\7, tjype A,  strain 119, ( FJlD\--A41 19) 
passaged 7 6 times in calf-kidney cultures as 
previously reported ( 2 )  . Infectious fluids 
mere harvested, pooled, and stored a t  -40°C. 
,4s needed frozen virus was thawed to 4"t '  
and centrifuged a t  6,400 s g for 30 minutes 
to remove cell debris. CuZfwc.r as confluent 
sheets of cells were produced in 4-oz prescrip- 
tion bottles and Rous flasks from trypsin-dis- 
peryed fragment$ of calf kidney. T'irzis infcr- 
tkGtj1 i i tCuszuCi7zmts  were made by plaque as- 
say as described elsewhere ( 2  ) .  One-tenth-nil 
volumes of properly diluted virus were plated 
in duplicate onto calf-kidneJ- cultures in pre- 
scription bottles. After 90 minutes incubation 
at 37"C, the cultures were overlaid with agar 
medium. Plaques were read a t  72 hours. A 
few virus titrations were also made in guinea 
pig foot pads and in cattle tongues. '4 fher-  
mirl inactitlation prorcdurc was used which 
changed the temperature of the virus quickly. 
That is, one part of buffered virus a t  20°C' 
was mixed with 9 parts of veronal-acetate 
buffer held in a water bath at one-half degree 
higher than the temperature desired. A 
n early in s t a n t a n e o 11 5 ad j u s t men t of temper a - 
ture was thereby effected. After the desired 
interval of exposure, the thermal reaction was 
stopped by  diluting the heated virus sample 

with an equal volume of ice-cold buffer. 
Results.  As previously reported, wild virus 

populations heated a t  55°C yield, within a 
few minutes, a residual fraction amounting to 
10 of the original virus. This fraction is 
much more resistant to heat than the bulk 
population. A similar relationship with a sur- 
viving fraction of only is given in Fig. 1. 
The  60-min. survivors were then grown oiut to 
A high population in tissue culture and the 
new population was tested for its heat resis- 
tance. Fig. 1 shows that the new population 
(single heat purification) contains a much 
hiqher surviving fraction, i.e., approximately 
10 ?. of heat-resistant virus particles than the 
wild parent. Survivors of this second heat 
treatment were again grown to a high popula- 
t ion  and again heated. This process was re- 
1)eated a third time with results presented in 
Fig. 1. Populations from doubly and triply 
heat-purified viruses appear more stable to 
heat than progeny from the heat residuum of 
wild virus. Furthermore, their curves, which 
approach straight lines, indicate that a t  least 
10:; of the virus particles are of the heat- 
resistant kind. 

Differences in heat stability of wild parent 
virus and of progeny obtained after heat puri- 
fication were thought possibly due to a sensi- 
tization of the wild parent during its freezing 
and thawing-a process to which progeny 
were not subjected. Therefore, wild parent vi- 
rus and its progeny obtained after heat puri- 
fication were each examined as to rate of ther- 
mal inactivation with and without prior freez- 
ing. The respective curves were identical to 
those in Fig. I ,  indicating that freezing and 
thawing of heat-sensitive or heat-resistant 
populations have no effect on their inactiva- 
tion a t  55°C. 

Experiments were next carried out to deter- 
mine if populations with increased thermal 
resistance could be maintained without heat- 
ing for selection. The triply heat-purified 
virus (Fig. 1) was subcultured several times 
without heat treatment and then tested for 
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FIG. 1. Ttiactivation caurves a t  55OC for wild foot-autl-mouth disease virus and of virus dc- 
rivccl f rom it by single, c~oublc, and triple heat purifications aiid by passages in calf-kidney cul- 
t11rw. 

tivation Curves at 53°C for wilt1 foot-antl-niouth disease virus and of various 
1icat-r.esistant subcultures derived f rom it. 

thermal resistance. After 5 such passages, 
(Fig. 2 )  partial reversion toward the heat 
sensitivity of the wild strain occurred with 
90% inactivatioln at  55°C taking place 3 
times faster. Further passages of virus in 
culture, a t  least through the eighth and thir- 
teenth, caused no further change in heat re- 
sistance. 

No additional differences between wild and 
thermal-resistant populations were detected. 
There were no changes in size of plaques or in 
their rates of development a t  37°C. Growth 
curves in calf-kidney cultures of 2 heat-resis- 

tant populations were compared with that of 
the wild virus (Table I) .  Peak titers ap- 
peared to be reached 2.5 hours earlier when 
inoculated with thermal-resistant virus and 
there was a slightly higher liberation of pro- 
geny per cell. This was not unexpected be- 
cause greater thermal inactivation during cul- 
turing would tend to spread out the logarith- 
mic growth phase of the thermal-sensitive 
strain and to decrease its peak titer. Also, no 
significant differences in infectiousness have 
been demonstrated between the two kinds of 
populations in any of the hosts tested, i.e., 

TA KLF, I. Wild and Hcat-Resistant Populatioiis of Foot-and-Mouth Disease Virus : 

Population 

Growth 
and Coniparative Infectivity. 

Wild virus No, 1” NO. 2 t  
~ ~~ 

C;rolrth: Time for 1 log increase ill titcr ( r r i in . )  $ 42 35 35 

Time of peak titer (hrj 15 12.5 16.5 
Avg yield (PFU/cell) 102 11 8 11 3 

Cattle ( ” ” 6.7 5.7 6.5 

Peak titer (PFU/nil) 5.7 X 10’ 6.2 X 10’ 6.2 X 10‘ 

Infectivity Calf -kidney culturc (log Pl’U/ii11) 8.2 7.8 8.0 
tests in : Guinea pigs (log ID5,,/inl) 4.9 5.7 5.2 

PFU-Plaque forming units. 
’’ Inoculuni for this population derived from triply heat-purified virus ( J  1 in Fig. 2 )  suloc&lnl- 

t Inoculum for this population derived froiii triply hcat-purified virus (I1 in l’ig. 2) subcul- 

t During logaritliiiiic growth phase. 

t u r d  14 times without heating. 

tmed 13 times without heating followed by one passage after hca ting. 



calf-kidney cultures, guinea pigs, and cattle 
(Table I ) .  

Since it is assumed that sus- 
pensions of genetically reproducible units are 
\-ariable in a number of characteristics. i t  i.s 
not surprising to find that FlIII\- is lrariable 
in its sensitivity to heat. The application of 
heat to the wild strain of E’lID\’ appears to 
destroy primarily the heat-sensitive Ilarticles. 
Thus, by the process of selection. heat-resis- 
tant particles remain. However. in the coni- 
petit ive rep r od uc t i on of hot h . heat -yen si t i ve 
particles appear to have a selective advantage 
in their replication for they tend to predomi- 
nate in progeny. If  this reversion process 
were to continue indeiinitelj- in absence of 
heat treatment. it is espected that a complete 
reversion to the level of heat sensitiayity of the 
wild tjyie n-ould he effected. Since the iso- 
I a t  ed resist an t f r ac t i o n--a f t e r 1 3 passages 
R’ i t h o u t h ea t-r e t a ins a sign i fi c a n t resist an c e 
to the selecting agent. the heat treatment ma). 
effect a physical change within the virus par- 
ticle itself. From Lvork beine reported else- 

Discussion. 

where( Bachrach,3) i t  is clear that  heating 
a t  5 5 “C denatures an  infection-initiating 
property of the protein coat of FAIDV with- 
out appreciable effect on its ribonucleic acid 
core. 

S z u n m a r ~ .  A small thermal-resistant frac- 
tion (10 :: to 10 a t  55°C) of foot-and-mouth 
disease virus. type A.  has been isolated from 
a wild population. LTnder continuing thermal 
selection. i t  breeds populations which contain 
much higher fractions, a t  least 10 ’, of ther- 
nial-resistant virus particles. Such popula- 
t ions revert partially, however, toward the 
sensitivity of the wild strain if not subjected 
to heat. 
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Detection of Insulin-Binding Antibodies and Separation of Free and 
Antihody-Bound Insulin by Rapid Cheiiiical Procedure. (25589) 

The presence of insulin-binding antibodies 
in serums of insulin-treated patients has been 
demonstrated by paper strip chromato-electro- 
phoresis, starch block electrophoresis and ul- 
tracentrifugation of insulin-I ’:” plasma mi\- 
tures( 1 ) ,  by cellulose column chromatograph! 
( 2 )  and by precipitation of insulin-antibody 
complexes with rabbit antihuman globulin 
serum ( 3 ) . These technics are all somewhat 
time consuming. and are not suitable for a n a -  
ysis of large volumes of material with  lo^ con- 
centrations of radioactiI-itj.. It yeemed worth- 
while to attempt rapid separation of free and 
bound antibody-insulin by chemical proced- 
ure. Bates et a l . ( 4 , 5 )  showed that in 76% 
ethanol saturated with Na(’1 most plasma pro- 
teins are precipitated a t  room temperature, 

‘1’ Fcllow of  Dazian Fn., 1958-1959, 

while insulin remains largely soluble. The  
present paper describes adaptatlion of a modi- 
fication of this procedure to separate free in- 
sulin from antibody-bound insulin. 

Jlntrr iuls  and  methods.  Control (non-im- 
niune) serums were obtained from subjects 
who had never been treated with insulin. 
,Antiserums were obtained from insulin-treated 
liatients. Donors of “immune” serums were 
not  clinically insulin-resistant and required 
lehs than 75  units of insulin daily to control 
their diabetes. “Resistant” serums came from 
donors who required a t  least 150 unimts of in- 
sulin daily a t  the time their blood was drawn. 
-411 “immune” and “resistant” serums had been 
studied in detail previously (6) .  Tnsulin-T1“i 
(specific activity, 38 - 73 mc 11:3L/mg insulin) 
and gamma globulin- 11‘$1 were prepared from 


