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Summary 
Presence of mycoplasma in MK cell cultures caused an inhibition of measles 

virus, as revealed by  a lower plating efficiency. When arginine is supplemented to 
the cell-system, mycoplasma contaminated cells yield plaque titers as high as 
those of uncontaminated cells. The essential role of arginine for plaque formation 
of measles virus is suggested also by experiments in which arginine added to the 
agar overlay restored the plating efficiency of measles virus in cultures maintained 
in a minimal nutrient medium. 

1. Introduction 
Presence of mycoplasma has been often reported in primary or continuous cell 

lines by several authors. Contaminated cells exhibit sometimes morphological 
changes and growth rate alteration. Inhibition of virus multiplication in myco- 
plasma infected tissue cultures has been also described (1, 2, 3). 

ROUSE, BONIFAS, and SCHLESINGER (1963) observed that  KB cell cultures con- 
taminated by mycoplasma were unable to support the growth of adenoviruses; 
this condition was reversed by supplementing the medium with arginine or by 
suppressing mycoplasma growth with kanamycin. As mycoplasmas actively degrade 
arginine, it was concluded that  this amino acid is essential for adenovirus bio- 
synthesis. 

The present investigation was undertaken to determine if mycoplasma pro- 
duced depletion of arginine in primary cell cultures interferes with measles virus 
growth, as assayed by plaque formation. 

2. Materials and Methods 
2.1. C u l t i v a t i o n  of M y c o p l a s m a  

M. orale, strain Symons, was kindly supplied by K. Lind, Statens Seruminstitut, 
Copenhagen. Media used for the growth and maintenance were prepared according 
to the method described by CHANOCK and HAYFLICK (1962). 

2.2. T i ssue  Cu l tu r e  
Kidney cell monolaycrs from African green monkey (MK) (Cercopithecus aethiops 

sabaeus) prepared by Youngner's method (1954) were used throughout. Growth medium 
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consisted of 0.5% lactalbumin hydrolysate  in Hanks'  BSS supplemented with 0.2~o 
yeast  extract  and 2.5~ calf serum. Cultures were maintained in 0.5% laetalbumin 
hydrolysate in Earle 's  BSS with 0.2% yeast  extract .  

2.3. V i r u s  
The local strain Biseci of measles virus, gro~-n in monkey kidney tissue culture (4) 

was used as well as the Edmonston strain. 

2.4. P l a q u e  C o u n t  of  M e a s l e s  V i r u s  
Ful ly  grown monolayers of MK in rubber stoppered 3 oz. prescription bottles 

were used. Just  before use, nutr ient  fluid was removed and the cell sheets were washed 
once in warm (37~ phosphate  buffered saline (PBS). Cell sheets were infected with 
0.2 ml of an appropriate  dilution of the strain Biseci, allowed to adsorb for 1 hour at  
room temperature  with occasional gentle rocking of the plates. At  the end of the 
adsorption period, 12 ml of overlay agar (1.5%) in Earle 's  salt solution (ESS), con- 
taining 2~ calf serum and 0.0017% neutral  red were added to each bott le  which 
were then incubated at  37~ Some experiments (see Results) were performed with 
agar ESS enriched with arginine to a final concentration of 0.5 mM per liter. 

Table 1. Measles Virus Plaque Counts in 
Mycoplasma Prein]ected and Unin]eeted 

Cultures 

Cultures Measles virus 
(PFU/0.2 ml) 1 

Uninfected 640 
Myco. infected on day 0 50 
Myco. infected on day  2 80 
Myco. infected on day  5 500 

1 Infection with measles virus at the 
6th day  after cell seeding. 

3. Results  

A p re l imina ry  expe r imen t  consisted in de te rmin ing  the  p a t t e r n  of g rowth  of 
mycop l a sma  in 3/[K cell cultures.  

0.2 ml amount s  of b ro th  cul ture  of M. orale were a d d e d  to the  fluid med ium of 
30 bot t les  seeded wi th  8 ml  of t ryps in ized  cell suspension a t  t he  t ime  of seeding 
or 2 and  5 days  thereaf ter .  Control  bot t les  received the  same a m o u n t  of uninfected  
bro th .  The  infected t issue cul tures  d id  no t  exhib i t  any  ey topa th i c  effect or change 
of p H  over  a per iod  of 12 days  of observat ion.  T i t r a t ion  of the  supe rna t an t  
showed a cont inuous  increase in colony forming uni ts  (CFU) t i t re  of M. orale 
dur ing  the  first  6 days ,  fol lowed b y  a decrease in colony number  unt i l  colonies 
could no t  be ob ta ined  on p la tes  inocula ted  wi th  und i lu t ed  f luid a t  the  10th day .  

Six days  af ter  the  cell seeding, all groups of mycop la sma  pre infec ted  bot t les  and  
uninfected  bot t les  were inocula ted  wi th  100--1000 P F U  of measles  v i rus  (strain 
Biseci) in 0.2 ml. The  growth  of measles virus  was e s t ima ted  b y  the  p laque  count  
method .  

The  resul ts  are  shown in Table  l .  I t  can be seen t h a t  the  number  of p laques  
formed b y  measles virus  in t he  mycop la sma  infected cul tures  is far  less t h a n  t h a t  
in the  control  cultures.  The  reduc t ion  in p laque  numbers  is more  dras t ic  if the  t ime  
al lowed for e s tab l i shment  of mycop la sma  infect ion in cell cul tures  is longer (6, 4, 
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1 days, respectively). A possible explanation of the results was considered on the 
basis of SMITh'S finding (1960) tha t  mycoplasmas actively degrade arginine. 

Experiments were then designed to verify if the inhibition of growth of measles 
virus in mycoplasma infected cell cultures was reversed by  supplementing the 
medium with arginine. 

The experiment reported in Table 2 shows tha t  the addition of arginine to the 
medium effectively restores the capacity of measles virus to grow in mycoplasma- 
infected cultures. 

A r g i n i n e  R e q u i r e m e n t  fo r  M e a s l e s  V i r u s  P l a q u e  P r o d u c t i o n  

The results of the experiment already described (Table 2), lead us to investi- 
gate the influence of arginine on the growth of measles virus, as evidenced by  its 
capacity to restore plaque formation in cell cultures. Therefore, to exhaust endo- 
genous reserve of amino acids fully grown monolayers were incubated for 48 hours 
in a balanced salt solution containing only glucose and glutamine. 100--1000 P F U  

Table 2. Measles Virus Plaque Counts in 
Myeoplasma Prein]eeted and Unin]eeted 
Cultures (agar-over]ay with arginine 

supplement) 

Cultures Measles virus 
(PFU/0.2 ml) 1 

Uninfected 620 
Myco. infected on day 0 500 
Myco. infected on day 2 500 
Myco. infected on day 5 650 

1 Infection with measles virus at the 
6th day after cell seeding. 

Table 3. Plaque .Formation of Measles 
Virus in Cells Maintained in .BSS- 
glueose-glutamine (BSS-GG) Medium 

Cultures ~ Agar overlay 

Normal q- Arginine 

Control 2 4004 500 
BSS-kGG 8 100 550 

1 Incubated for 48 hours. 
Complete medium. 
Balanced salt solution with glucose and 
glutamine. 

4 Number of plaques. 

of measles virus were inoculated into the cell cultures. After adsorption for 1 hour, 
the cells were washed to remove unadsorbed virus. Agar overlay with and without 
0.5 m• of arginine was then added on the cell sheet. The results are presented in 
Table 3, which shows tha t  the reduction of plaque formation in arginine depleted 
cell cultures is only partial (1/4 of the number  formed in  cultures maintained in 
complete medium). This might be due to the presence of uncompletely exhausted 
arginine of intracellular origin or to the arginine content of the serum contained 
in the agar overlay. Nevertheless, the effect of arginine in restoring the ability 
of measles virus to form plaques seems to be substantiated. 

4. Discussion 

Mycoplasmas in cell cultures can influence the replication of viruses, as dis- 
cussed by :BRowNSTEIN and GRAHAM (1) and ARMSTRONG, HENLE,  SOMERSON, and 
~-~AYFLICK (2). CANTELL and PAV~ER (3) suggested tha t  myoplasmas may  stimulate 
interferon production in infected cultures. However, the hypothesis tha t  viral 
inhibition is due to the effects induced by mycoplamas on cell metabolism (7) is 
more widely accepted. Although the nature of the cellular metabolic pathways 
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influenced by mycoplasma infection is largely unknown, in at  least one case 
contamination with such organisms was shown to produce a specific effect on 
cellular metabolism. RovsE, B O ~ A s ,  and SCHL~S~C~R (5) demonstrated tha t  
the inability of adenovirus to grow in mycoplasma infected KB cells is due to the 
depletion of arginine caused by metabolic a t tack of mycoplasma on this amino 
acid. As shown by SCHI~CI(n (8) growth of the non-fermenting mycoplasmas is 
dependent on the arginine present in the medium through the so called "arginine 
dehydrolase pathway".  At present this "pa thway"  is accepted as the major  
energy source of the non-fermenting mycoplasmas. 

Two main conclusions can be drawn from our investigations: 

a) arginine restores the ability of measles virus to grow in mycoplasma in- 
fected cells, as assayed by plaque formation and, 

b) arginine depleted cells are less able than normally fed cells to support  the 
growth of measles virus; this effect is reversed by arginine supplementation. 

As already observed, the residual ability of depleted cells to support  a reduced 
growth of measles virus could be at tr ibuted to an uncomplete exhaustion of argi- 
nine content of the cells or to the presence of arginine in the serum of the agar 
overlay. Further  investigations are needed to elucidate this point. The possibility 
tha t  a virus variant  exists being not dependent on the presence of extracellular 
arginine should be also taken into consideration. In  any case, it is suggested tha t  
arginine plays a role in the synthesis of measles virus, a condition already described 
for the growth cycle of adenoviruses. Besides adenoviruses, other viruses in cell 
cultures, such as poliovirus (9) and herpes simplex virus (10) show a similar arginine 
requirement. Changes in arginase activity and arginine utilization have also been 
observed in cells infected with Bunyamwera (11) and with rabbit  papilloma 
viruses (12). However, further experiments are needed to identify the step of 
the biosynthetic pa thway of measles virus hampered by  arginine depletion. 
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