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Repeated t rea tment  wi th  guinea p i g  o r  r a b b i t  serum, bu t  not  
with human serum, w a s  found t o  e l imina t e  mycoplasma contaminants 
from mammalian c e l l  c u l t u r e s  a s  judged by s t a i n i n g  wi th  t h e  
f l uo re scen t  dye Hoechst 33258. Following t rea tment  with r a b b i t  
serum and s e v e r a l  passages ,  M. hyorhin is  could no t  be de tec ted  by 
s t a i n i n g ,  i s o l a t i o n  on aga r ,  o r  s p e c i f i c  immunofluorescence i n  a 
human p r o s t a t e  carcinoma c e l l  line heavi ly  contaminated wi th  t h i s  
organism. There was no evidence f o r  t h e  involvement of antimyco- 
plasma an t ibod ie s  i n  t h e  b a c t e r i c i d a l  a c t i v i t y  of r a b b i t  serum. 
Mycoplasmacidal a c t i v i t y  of  r a b b i t  serum was a s soc i a t ed  with a 
hea t - l ab i l e  component(s) which could be inac t iva t ed  by incubation 
of t h e  serum wi th  goa t  a n t i r a b b i t  complement component C3. 
@ 1985 Soc i e ty  for  Experimental Biology and Medicine. 

Introduction.  Mycoplasmas f requent ly  
contaminate c e l l  c u l t u r e s  (1) and pro- 
foundly a l t e r  t h e i r  funct ional  and 
metabolic c h a r a c t e r i s t i c s  ( 2 )  rendering 
them unsui tab le  f o r  many types  of 
s tudies .  Since an e n t i r e l y  s a t i s f a c t o r y  
procedure f o r  e l iminat ing  mycoplasmas 
from contaminated c e l l  c u l t u r e s  is no t  
ava i l ab l e ,  va luable  c e l l  c u l t u r e s  have 
t o  be o f t en  discarded.  Among t h e  
procedures t h a t  have been reported f o r  
t he  e l iminat ion  of mycoplasmas from 
contaminated c u l t u r e s  a re :  t reatment 
with 5-bromouracil and t h e  Hoechst 
compound 33258 followed by exposure t o  
v i s i b l e  l i g h t  (3)  , passage in nude mice 
(4)  &I v i t r o  c u l t i v a t i o n  with macro- 
phages (5) and growth i n  t he  presence 
of t e t r acyc l ine  and kanamycin (6) of  
mycoplasma contaminated c e l l s .  I have 
found t h a t  repeated treatment with 
guinea p ig  o r  r a b b i t  serum may e l iminate  
mycoplasmas from monolayer c u l t u r e s  of 
s eve ra l  types  of c e l l s .  The d e t a i l s  of 
t h i s  procedure and t h e  r e s u l t s  obtained 
with it so  f a r  a r e  summarized in t h i s  
Paper 

derived from human p r o s t a t e  carcinoma, 
and BHK-21 hamster kidney c e l l s  were 
kindly provided by Robert Raynor and 
George Schuster ,  respect ive ly .  Myco- 
plasma contamination of HeLa c e l l s ,  CV-1 
monkey kidney c e l l s ,  and mouse L-929 
c e l l s  were de tec ted  during rou t ine  
screening of t he se  c e l l  c u l t u r e s  i n  t h i s  
laboratory.  Monolayer c u l t u r e s  of each 
c e l l  l i n e  were grown in  minimal 
e s s e n t i a l  medium (MEM) containing 10% 
heat- inact  iva ted  c a l f  serum (HICS) , 
100 units/ml each of p e n i c i l l i n  and 
streptomycin and .25 pg/ml of fungizone. 
Mycoplasma species  2- hominis, 2. o r a l e ,  
M. pneumoniae and M. sa l ivar ium and - 
s p e c i f i c  antiserum aga ins t  M, hyorhinis  
were obtained from the  Research 
Resources Branch, National I n s t i t u t e s  
of Health. The DNA s p e c i f i c  f l uo re scen t  
dye Hoechst 33258 was purchased from 
American Hoechst Corporation. Lyophil- 
ized  guinea p i g  complement was purchased 
from Grand I s l and  Biologica l  Company o r  
Cappel Laboratories and goat  a n t i r a b b i t  
complement C3 and f luorescein-conjugated 
pooled r abb i t  IgG from Cappel Labora- 
t o r i e s .  

Mater ia ls  and Methods. Mycoplasma con- Serum from guinea p igs  o r  r abb i t s  
taminated DU-145 c e l l s ,  a c e l l  l i n e  was obtained as follows. Blood was 
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withdrawn i n t o  a s t e r i l e  g l a s s  tube and 
allowed to c l o t  a t  room temp. f o r  
45 min. Serum w a s  separa ted  by low 
speed cen t r i fuga t ion  and used i n  experi-  
ments e i t h e r  immediately o r  a f t e r  
s to rage  a t  -80°C up t o  s eve ra l  weeks. 
Mycoplasma-contaminated monolayer cul- 
t u r e s  were dispersed by treatment with 
0.1% trypsin-.02% EDTA in phosphate 
buffered s a l i n e ,  and the  c e l l s  were 
suspended i n  MEM containing 10% HICS. 
I n  addi t ion ,  guinea p ig  serum o r  r a b b i t  
serum prepared as described above was 
added t o  t he  c e l l  suspension t o  a f i n a l  
concentrat ion of 10% by volume. Af ter  
mixing, t he  c e l l s  were incubated i n  
35 mm p l a s t i c  c u l t u r e  d ishes  (Corning) 
a t  37OC i n  a humidified CO atmosphere. 

2 The above s t e p s  were repeated a t  t h e  
next few (2 t o  4) passages. To monitor 
mycoplasma contamination, serum-treated 
and con t ro l  c u l t u r e s  were t ryps in ized  
and suspended i n  MEM containing 10% 
HICS. An a l i quo t  of each suspension was 
p lanted  i n  a s l i d e  chamber (Lab-Tek) and 
incubated u n t i l  t he  c u l t u r e s  a t t a i n e d  
moderate confluence. The cu l tu re s  were 
s t a ined  with t h e  DNA-specific f luores-  
cen t  dye Hoechst 33258 and examined 
under a f luorescence microscope a s  
previously repor ted  (7) . The presence 
of M. hyorhinis  i n  serum t r e a t e d  and 
unt rea ted  DU-145 c e l l s  was monitored by 
the  above technique and by immunofluo- 
r e s  cence using fluorescein-con jugated 
antiserum aga ins t  %. hyorhinis .  Serum 
t r e a t e d  DU-145 c e l l  cu l tu re s  were a l s o  
screened f o r  t he  presence of mycoplasma 
a t  t h e  mycoplasma t e s t i n g  se rv i ce  
labora tory  of Microbiological  Associates 
by Hoechst s t a i n  (catalogue #81-141) and 
by i s o l a t i o n  on agar using a l a r g e  
volume (50 m l )  of t he  c u l t u r e  f l u i d  
(catalogue #81-139). The above labora- 
t o r y  a l s o  i d e n t i f i e d  t h e  mycoplasma con- 
taminant i n  DU-145 c e l l s  a s  %. hyorhinis  
by s p e c i f i c  immunofluorescence (cata-  
logue #81-140). The i d e n t i t y  and t h e  
treatment h i s t o r y  of t h e  cu l tu re s  were 
unknown t o  t h e  t e s t i n g  labora tory .  
Between serum treatment and t e s t i n g ,  t h e  
c u l t u r e s  were passed seve ra l  times i n  
a n t i b i o t i c - f r e e  MEM conta in ing  10% HICS. 

f luorescence covered the  e n t i r e  su r f ace  
of v i r t u a l l y  every c e l l  (Fig. 1 A )  indi -  
ca t i ng  heavy contamination with myco- 
plasma. On t h e  o the r  hand, when 
s t a i n i n g  was c a r r i e d  out  a f t e r  fou r  
cycles of serum treatment,  only t h e  
ovoid nuc l e i  appeared f luo re scen t  
(Fig. 1B) suggest ing the  e l iminat ion  of  
mycoplasma contaminants. A d r a s t i c  
reduct ion  i n  mycoplasmal DNA-specific 
f luorescence could be observed even 
a f t e r  a s i n g l e  treatment with serum, 
whereas two cycles  of t reatment were 
f requent ly  e f f e c t i v e  i n  t h e  t o t a l  el imi-  
na t ion  of such f luorescence.  The 
absence of mycoplasma i n  two cu l tu re s  of 
DU-145 c e l l s  s epa ra t e ly  t r e a t e d  with 
r a b b i t  serum, was confirmed by another 
labora tory  by Hoechst s t a i n  and l a r g e  
volume i s o l a t i o n  techniques (see  
Methods) . 

Treatment with guinea p i g  serum 
e l iminated  nonnuclear f luorescence due 
t o  un iden t i f i ed  mycoplasmas from HeLa, 
CV-1, L-929, and BHK-21 c e l l  l i n e s .  I n  
HeLa and CV-1 c e l l s  t h a t  were examined 
by Hoechst s t a i n  a f t e r  s eve ra l  passages, 
nonnuclear f luorescence d id  not  
reappear. Treatment with guinea p ig  
serum a l s o  el iminated nonnuclear f luo- 
rescence due t o  M. o r a l e ,  M. hominis, M. 
sal ivarium, o r  M. pneumoniae from HeLa 
c e l l s  t h a t  were d e l i b e r a t e l y  contami- 
nated with these  organisms. 
Mycoplasmacidal a c t i v i t y  was r egu la r ly  
present  i n  guinea p ig  serum and r a b b i t  
serum. It was present  only in some 
batches of commercially obtained guinea 
p i g  complement and absent  i n  s e r a  
obtained from two human volunteers.  The 
a c t i v i t y  was hea t  l a b i l e  and i n  terms 
of f i l t e r a b i l i t y ,  associa ted  with a 
molecule(s)  of >50,000 molecular weight. 

To t e s t  whether t h e  a c t i v i t y  might 
be due t o  t he  a c t i v a t i o n  of t he  i n d i r e c t  
complement pathway, 0.1 m l  of r a b b i t  
serum was mixed wi th  10 y l  of goat  an t i -  
r abb i t  complement component C3. The 
mixture was incubated f o r  10 min a t  room 
temperature and added t o  one-half of a 
suspension of contaminated DU-145 c e l l s .  
A s  cont ro l ,  a mixture of 0.1 m l  of 
r a b b i t  serum and 10 y l  of normal goat  
serum was incubated i n  p a r a l l e l  and 

Resul t s  . Photomicrographs of added t o  t he  o the r  ha l f  of t he  c e l l  
mycoplasma-contaminated DU-145 c e l l s  suspension.   oil ow in^ incubation t o  
s t a i n e d  with t h e  Hoechst compound before  form monolayers, t r yps in i za t ion  and 
and a f t e r  t reatment with r a b b i t  serum serum treatment were repeated.  After 
a r e  shown i n  Figure 1. When the  c e l l s  t h r e e  cycles of serum treatment,  s t a i n -  
were s t a ined  before serum treatment,  ing  with t h e  Hoechst compound revealed 
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F i g .  1. DNA-specif i c  f l u o r e s c e n c e  of  mycoplasma contamina ted  DU-145 

c e l l s  b e f o r e  and a f t e r  t r e a t m e n t  w i t h  r a b b i t  serum. Monolayer 

c u l t u r e s  were s u b j e c t e d  t o  f o u r  c y c l e s  of  t r e a t m e n t  w i t h  

r a b b i t  serum as d e s c r i b e d  i n  t h e  t e x t  and p a s s e d  r e p e a t e d l y  i n  

medium l a c k i n g  a n t i b i o t i c s .  Serum t r e a t e d  and u n t r e a t e d  

c u l t u r e s  were grown i n  s l i d e  chambers, s t a i n e d  w i t h  t h e  Hoechst  

compound and viewed under  a Z e i s s  f l u o r e s c e n c e  microscope.  

Pane l  A: u n t r e a t e d  c o n t r o l  c u l t u r e  showing d i f f u s e  f l u o r e s -  

cence.  Pane l  B: se rum- t rea ted  c u l t u r e  showing f l u o r e s c e n c e  

r e s t r i c t e d  t o  t h e  c e l l  n u c l e i .  Bar = 20 urn. 

no reduc t ion  i n  nonnuclear f luorescence  a n t i  M. hyorh in is  serum whereas no f luo-  
i n  t h e  t e s t  c u l t u r e  as opposed t o  t h e  rescence over  background could be 
c o n t r o l  c u l t u r e  which appeared t o  be de t ec t ed  i n  e i t h e r  c u l t u r e  s t a i n e d  wi th  
'mycoplasma-free'. r a b b i t  IgG ( r e s u l t s  no t  shown) o r  i n  t h e  

To examine t h e  p o s s i b i l i t y  t h a t  t h e  r a b b i t  serum-treated c u l t u r e  s t a i n e d  
mycoplasmacidal a c t i v i t y  of r a b b i t  serum 
w a s  due t o  t h e  presence i n  t h e  serum of 
antimycoplasma an t i bod i e s  , s l i d e  chamber 
c u l t u r e s  of r a b b i t  serum-treated o r  
un t r ea t ed  DU-145 c e l l s  were s t a i n e d  wi th  
f l uo re s  cein-con jugated a) pooled r a b b i t  
IgG and b )  a n t i  M. hyorh in is  serum. 
In t ense  f luorescence  was observed i n  t h e  
un t rea ted  c u l t u r e  (Fig.  2A) s t a i n e d  wi th  

with a n t i  M. hyorh in is  serum (Fig.  2C) . 
Discussion.  The r e s u l t s  of t h i s  s tudy  
i nd i ca t ed  t h a t  s imple t rea tment  w i th  
guinea p i g  serum o r  r a b b i t  serum might 
e r a d i c a t e  mycoplasma contaminants from 
c e l l  c u l t u r e s .  When s t a i n i n g  wi th  t h e  
Hoechst compound was used as t h e  s o l e  
monitoring technique,  serum t rea tment  
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Fig .  2. Imrnunofluorescent s t a i n i n g  of  mycoplasma contamina ted  DU-145 

c e l l s  b e f o r e  and a n f t e r  t r e a t m e n t  w i t h  r a b b i t  serum. Mono- 

l a y e r  c u l t u r e s  of  DU-145 c e l l s  were grown i n  s l i d e  chambers, 

s t a i n e d  w i t h  a n t i  M. h y o r h i n i s  serum by i n c u b a t i o n  f o r  30 min 

a t  37OC and a f t e r  e x t e n s i v e  washing w i t h  phospha te  b u f f e r e d  

s a l i n e ,  examined under  a Z e i s s  f l u o r e s c e n c e  microscope.  

P a n e l s  A and B: u n t r e a t e d  c o n t r o l  c u l t u r e .  P a n e l s  C and D: 

C u l t u r e  s u b j e c t e d  t o  f o u r  c y c l e s  of  t r e a t m e n t  w i t h  r a b b i t  

serum. P a n e l s  A and C show f l u o r e s c e n c e  micrographs  of t h e  

same f i e l d s  as s e e n  i n  p a n e l s  B and D r e s p e c t i v e l y .  Bar = 

appeared t o  ' e l iminate  ' un iden t i f i ed  
mycoplasmas from various c e l l  l i n e s  and 
four  known species  of mycoplasmas from 
HeLa c e l l s .  Strong evidence f o r  t h e  
e f f ec t ivenes s  of t h i s  procedure was 
provided by t h e  experiments with DU-145 
c e l l s  heavi ly  contaminated with t he  
common mycoplasma contaminant M. 
hyorhinis  . After  t reatment with r a b b i t  
serum, t he  presence of mycoplasma could 
not  be de tec ted  i n  these  c e l l s  by t h e  
s t a i n i n g  technique,  s p e c i f i c  immuno- 
f luorescence o r  i s o l a t i o n  on agar. 
These a r e  t h e  t h ree  most commonly used 
procedures f o r  mycoplasma de t ec t ion  (9)  . 
The f a c t  t h a t  between serum treatment 
and t e s t i n g ,  t h e  cu l tu re s  had been 
passed seve ra l  times i n  t he  presence of 
a n t i b i o t i c - f r e e  medium f u r t h e r  encour- 

ages one t o  be l i eve  t h a t  t o t a l  elimina- 
t i o n  of mycoplasma was accomplished. 

The observation t h a t  s t a i n i n g  wi th  
f luorescein-conjugated pooled r a b b i t  IgG 
f a i l e d  t o  cause f luorescence i n  myco- 
plasma contaminated DU-145 c e l l s  under 
condit ions i n  which f luoresce in-  
conjugated s p e c i f i c  antiserum produced 
pronounced f luorescence i n  these  c e l l s  
suggests  t h a t  t h e  mycoplasmacidal ac t iv -  
i t y  of r a b b i t  serum was not  due t o  t h e  
presence i n  t h e  serum of antimycoplasma 
ant ibodies .  This f inding  together  with 
t h e  observation t h a t  anticomplement C3 
antiserum neut ra l ized  mycoplasmacidal 
a c t i v i t y  of r a b b i t  serum suggests  t he  
involvement of complement C3 i n  t h i s  
a c t i v i t y .  It  w i l l  be of i n t e r e s t  t o  
determine whether complement C3 is 
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involved a l s o  i n  t h e  k i l l i n g  of myco- 
plasmas during passage of contaminated 
c e l l s  i n  nude mice ( 4 ) .  

Disappearance of mycoplasma- 
s p e c i f i c  f luorescence  from serum t r e a t e d  
c u l t u r e s  w a s  a s soc i a t ed  wi th  smoother 
appearance of cells and g r e a t e r  de f in i -  
t i o n  of c e l l u l a r  morphology. There was 
no i n d i c a t i o n  t h a t  serum treatment had 
any adverse e f f e c t  on t h e  growth r a t e  of 
surv iv ing  c e l l s .  I n  f a c t ,  serum-treated 
DU-145 c e l l s  appeared t o  reach conflu- 
ence f a s t e r  than  t h e i r  un t rea ted  
counterpar t s .  This must be con t r a s t ed  
wi th  t h e  repor ted  reduct ion  i n  t h e  
cloning e f f i c i ency  and growth r a t e  of 
c e r t a i n  c e l l s  exposed t o  t h e  combined 
a c t i o n  of t h e  Hoechst compound and 5-BrU 
( 3 ) .  It must be pointed ou t  t h a t  
c loning  of serum-treated c e l l s  w a s  no t  
necessary t o  ob t a in  a mycoplasma-f r e e  
cu l t u r e .  The extreme s i m p l i c i t y  of 
serum treatment described i n  t h i s  s tudy  
and its apparent e f f ec t i venes s  a g a i n s t  
d i f f e r e n t  known spec i e s  of mycoplasmas 
inc luding  M. hyorhin is  and un iden t i f i ed  
mycoplasmas contaminating var ious  c e l l -  
l i n e s  suggest  t h a t  f u r t h e r  eva lua t ion  of 
t h e  use of animal serum f o r  e l imina t ing  
mycoplasmas from c e l l  c u l t u r e s  w i l l  be 
rewarding. 

Acknowledsements. I thank G. S. Sohal 
f o r  a s s i s t ance  wi th  f luorescence  micro- 
graphs. This work w a s  supported by 
Publ ic  Health Service g r a n t  FR 5365 from 
t h e  Division of Research F a c i l i t i e s  and 
Resources. 

References 

2. Ba r i l e  MF . Mycoplasmal contamina- 
t i o n  of c e l l  c u l t u r e s :  mycoplasma- 
v i ru s - ce l l  c u l t u r e  i n t e r a c t i o n s .  
i n :  Fogh, J., ed. "Contamination i n  
t i s s u e  cu l ture" ,  New York, Academic 
Press,  pp. 131-172, 1973. 

3. Rottem S, Marcus M. El imination of 
mycoplasmas from contaminated c e l l  
cu l t u r e s .  Isr J Med S c i  17: 569- 
571, 1981. 

4. van Diggelen 0 P, Shin S t  P h i l l i p s  
DM. Reduction i n  tumor igenic i ty  
a f t e r  mycoplasma i n f e c t i o n  and 
e l imina t ion  of mycoplasma from 
in fec t ed  c u l t u r e s  by passage i n  nude 
mice. Cancer Res 37: 2680-2687, 
1977, 

5. Schimmelpfeng L, Langenberg U, 
Pe te r s  J. Macrophages overcome 
mycoplasma i n f e c t i o n  of cells i n  
v i t r o .  Nature 285: 661-662, 1 9 8 K  

6. Gurney T, Woolf M J ,  Abplanalp W, 
McKittrick NH, Die tz  J N ,  Cole BC. 
Elimination of mycoplasma hyorhinis  
i n f ec t i ons  from fou r  c e l l  l i n e s .  I n  
V i t ro  17: 993-996, 1981. 

7. Chen TR. In s i t u  de t ec t i on  of 
mycoplasma contamination i n  c e l l  
cu l t u r e s  by f l uo re scen t  Hoechst 
33258 s t a i n .  Exp Ce l l  Res 104: 
255-262, 1977. 

8. McGarrity GS. Cel l  cu l t u r e s :  
de t ec t i on  of contamination. In :  
Jacoby W J  and Pastan I H ,  eds. 
Methods i n  Enzymology. New York: 
Academic Press  Vol. 58: pp. 18-29, 
1979. 

1. Stanbridge EJ. Mycoplasmas and c e l l  
cu l t u r e s .  Bac t e r io l  Rev 35: 206- 
227, 1971. 

Received February 14 ,  1985. 
P.S.E.B.M. 1985, Vol. 179 
Accepted Apr i l  9 ,  1985. 


