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Efficiency of Plaquing Certain Poliovirus on Tissue Cultures at Higher 
Temperatures as a Function of 1,-Cystine Concentration." (26954) 

OTIS TOLBERT AND GEORGE R .  DUBES ( Introduced by H. A. Wenner) 
Department o,f Pediatrics and Hixon Me)uuriul 1,oh.. Universit>l of Kansas School of Medicine, 

Kansas C'ity. Kansas 

Tn 1956 3 wild-type polio\.iruses \\.ert. 
shown to require exogenously supplied cys- 
tine for efficient plaque protluctioii 0 1 1  111011- 

key kidney tissue cultures at 36' ( 1 ) .  Suh- 
sequently, it was sho\rn that thcir efficicnc-!. 
of plaque production 011 cultures not sup- 
plied with cystine is dependent on the tem- 
perature during plaque development: low- 
ering the temperature helo\!- 37' increasd 
this efficiency (2 ) .  

That the temperature of the host cell 11x5 

a marked influence on grokvth of poliovirus 
has recently been well recognized [see re- 
views by Lwoff and Lwoff (3)  and by Sabin 
(4)].  However, the relation of cystine to 
this influence of temperature lias not beeii 
adequately explored : the rvsults o f  such in-  
vestigation are described here. 

Materials and methods. Yoliowiruses. 
The wild-type virus, the 30O-adapted (ca") 
mutant ( S ) ,  and the 23'-adapttd ( C O ~ ~ )  

*Aided by grant from National Fn. 

iiiutant (6) of the Akron strain of antigenic 
type 1 poliovirus were used. Growth of 
Iiio)ikt>Jq k i d n q  tissue cultures ( MKTC's)  . 
Kitliicy cells f roin cynomolgus monkeys 
( .1/(icacu irus) or rhesus monkeys ( M .  mu- 
Iuftu) were dispersed with trypsin ,( 7),  sus- 
pended in lactalbumin growth medium (8), 
delivered to Petri plates, and then kept at 
37'-38' in an atmosphere of 3% CO, and 
97% air for 5-9 days, after which time suit- 
aide sheets o f  cells had developed. Inocula- 
tions and plaque development. The sheets 
were washed twice, each time with 4 ml 
phosphate-buffered saline ( PBS) (9), then 
\\.t.rt' inoculated with the appropriate virus 
coriccntrations, 0.3 ml inoculum per plate. 
[rioculated sheets were put at  37' for 30 
iiiinutes. Then a sheet received 6 ml altered 
Eagle's maintenance medium ( AE,) (2) , 
adjusted with HCl and/or NaOH usually 
to pH 6.9-7.1, containing 0.9% washed (9) 
agar and 0, 0.025, 0.050, 0.20, or 1.0 mM 
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L-cystine: during plaque development the 
pH was somewhat higher, ranging from 
about 7.2 to about Z.7. In  some experiments 
the effect of purposely varying the p H  dur- 
ing plaque development was assessed; for 
these the initial pH of the agar-AE, was 
adjusted with HC1 and/or NaOH to vari- 
ous values between 5.7 and 7.8. The pH of 
the agar-overlay during plaque development 
was measured periodically either colorimet- 
rically, using phenol red as pH-indicator 
and standard plates containing phosphate 
buffers of known pH's, or with a pH meter. 
For some tests ,(Table 11) compounds not 
present in this medium were added; or con- 
centration of DL-methionine was increased. 
The plates were then put at  various temper- 
atures (29'-41') in an atmosphere of 3% 
CO, and 97% air. Plates were kept under 
these conditions 4 days (wild-type and caS0 
mutant) or 5 days (caas mutant) ; the tem- 
perature was measured periodically and the 
mean calculated. The surviving cells were 
stained with neutral red. Calculation of ef-  
ficiency of plating (eop.) .  Within certain 
temperature and L-cystine concentration 
ranges the titer of a given virus population 
was high and independent of the tempera- 
ture and L-cystine concentration. Such high 
titers, which are maximal for the given 
virus populations in this MKTC system, 
were used as standards. The titer of a popu- 
lation under other conditions, e.g. at  a 
higher temperature, was divided by its maxi- 
mal titer to give its eop under these other 
conditions; an eop so calculated is of course 
a relative one. 

Results. Akron plaque product,ion as a 
function of temperature and the supply of 
L-cystine. In Table I are presented data 
from a representative experiment showing 
the promotion by L-cystine of plaque de- 
velopment by the Akron caSO mutant on 
MKTC cells at a relatively high temperature. 
Curves which show growth of poliovirus 
on cells in vitro as a function of tempera- 
ture are typically steep at  the warmer end; 

TABLE I. Promotion by L-cystinc of Develop- 
ment, of Plaques of the caSo Mutant at 37.3". 

No. plaques/plate when inoc. vircs 
Cone. (mM) cone. is 
of L-cystine lo-* lo4 lo-* 10" 

ov 16 0 
* 80 3 l *  
* * 46 11 0 
* * * ov 30t 

* b 0 
.025 
.050 

1.0 

ov = extensive overlap of plaques. 
* Not done. t eop = 1. 

i.e., when the temperature exceeds a certain 
value, growth of the virus decreases rapid- 
ly with increasing temperature ( 10, 11, 12). 
By graphing the data from Table I and 
other experiments we see (Fig. 1 )  that the 
position of this steep portion is displaced 
toward higher temperatures by increasing 
the concentration of L-cystine in the 
medium over the cells. This displacement 
was observed with all 3 Akron viruses, 
which represent 3 degrees of genetic ability 
to grow at relatively high temperatures: 
with the initial concentration of L-cystine 
in the medium at the rather low value of 
0.025 mM, the steep portion commences at  
about 30.7', 36.2', and 37.4' for the ca", 
casO, and wild-type viruses, respectively ,(see 
curves for the 2 mutants in Fig. l).. During 

- S L  I '  ' I I I I I I I 
30 32 34 36 38 40 

Temperature ( O W  

FIG.  1. Plaque production by caJo and cuss m1- 
tants as a function of temperature and supply of 
L-cystine. The 4 curves at left (open symbols) art? 
for the c d S  mutcmt and the 2 at right (closed sym- 
bols) for the ca8'" mutant. Results with media con- 
taining 0, 0.025, 0.20, and 1.0 mM T,-c,ystine are 
indicated by triangles with horizontal side up, tri- 
angles with horizontal side down, rectangles, and 
circles, respectively. Points with arrows pointing 
up and down indicate minimal and maximal values, 

respectively. 



is in a thermolabile state: its in vitro sta- 
bility is low at  45’-53’. Such thermolabile 
particles can be greatly stabilized against 
thermal inactivation by in vitro reaction 
with L-cystine (14, 15) : apparently the pro- 
tein coat of a thermolabile particle reacts 
with several molecules of L-cystine, result- 
ing in a coat much less easily denatured by 
heat (14). Applying this idea to the effect 
of L-cpstine on viral grojvth in cells at dif- 
ferent tempvratures, we hypothesize that 
L-cystine stabilizes precursor viral protein 
against thermal denaturation at 31’-41’. 
Such an hypothesis appears compatible with 
( a )  the finding of Lwo’ff and Lwoff (% 16 
that a relatively late stage of intracellular 
viral development is inhibited by high teni- 
perature, (b)  the report by Darnell and 
Levintow (17) that poliovirus protein syn- 
thesis proceeds rapidly at  a similarly lattb 
stage of intracellular viral development, and 
(c)  the very high dependence of rate o f  
protein denaturation on temperature. 

Summary. L-Cystine enables viruses oi 
the Akron strain of antigenic type 1 polio- 
virus to grow on in v,itro monkey kidney 
cells at  comparatively high temperatures : at 
lower temperatures little or  no exogenously 
supplied L-cystine is needed by these vi- 
ruses. These results were shown for Akron 
viruses of 3 different degrees of genetic 
ability to grow at higher temperatures. The 
activity of L-cystine is not due to its slight 
lowering of the pH during plaque develop- 
ment, L-Cysteine and glutathione are active, 
DL-cystathionine is slight1:- active, and ;I 

sample of D-cystine showed slight activity. 
Rare plaques produced at temperatures too 

high for the L-cystine supply contained hot- 
adapted mutants. 

The authors thank Dr. Herbert A. Wenner for 
critical reading of the manuscript and Dr. W. Daniel 
Kundin for the sample of S-ethyl L-cysteine. 
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