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DETECTION OF MYCOPLASMA CONTAMINATION I N  
LYMPHOBLASTOID CULTURES BY A 

SIMPLE, HPLC METHOD 

J .  E. McEnt i re ,  R. LeGrand and G. G r ins tead  

Cancer Research Center  
P.O. Box 1268 

Columbia, M i s s o u r i  65205 

ABSTRACT 

A s imp le  method f o r  d e t e c t i n g  mycoplasma con tamina t ion  o f  
lymphoid c e l l  c u l t u r e s  i s  d iscussed.  
p ressu re  1 i q u i d  chromatographic  (HPLC) d e t e c t i o n  o f  c i  t r u l l  i n e  by 
reversed-phase s e p a r a t i o n  o f  i t s  o r t h o - p h t h a l d i  aldehyde (OPA) 
d e r i v a t i v e .  Format ion o f  c i t r u l l i n e  v i a  convers ion  of a r g i n i n e  
u s i n g  t h e  enzyme a r g i n i n e  deiminase p r e s e n t  i n  most o f  t h e  commonly 
encountered s t r a i n s  o f  mycoplasma i s  measured by  t h i s  s e n s i t i v e  
technique.  The use o f  HPLC techn iques  o f f e r s  an ex t reme ly  s e n s i -  
t i v e  i n d i c a t i o n  o f  mycoplasma con tamina t ion  i n  c e l l s  hav ing  l a r g e  
n u c l e i  which make d e t e c t i o n  by s t a i n i n ?  w i t h  Hoechst dyes d i f f i c u l t  
t o  i n t e r p r e t ,  

T h i s  method i s  based on h i g h  

INTRODUCTION 

The presence o f  mycoplasma i n  animal c e l l  c u l t u r e  i s  o f  
c o n s t a n t  concern i n  most t i s s u e  c u l t u r e  l a b o r a t o r i e s .  Severa l  
methods which enable t h e  i n v e s t i p a t o r  t o  d e t e c t  l o w  l e v e l  contamina- 
t i o n  a r e  i n  use and have been rev iewed r e c e n t l y  (1). 
techn ique  based on use o f  an i n d i c a t o r  c e l l  l i n e  known t o  be 

A c u l t u r i n g  
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1100 MC ENTIRE, LE GRAND, AND GRINSTEAD 

mycoplasma-free has been developed by del Giudice and Hopps (2) 
and consists of inoculation of this indicator line with culture 
supernatant, media or serum, or cells to be tested. 
incubation for 3-5 days, the cells are stained with Hoechst 33258 
and examined microscopically. Over an eleven-year period, 17,666 
specimens were tested, ard  13.8% were found to be mycoplasma- 
infected. 
varied from year-to-year, suggesting continued reinfection with 
environmentally present organisms, the most common strains were M. 

orale, M. arginini , M. hyorhinis, and A. laidlawii , account.ing for 
85% of all species identified. The indicator cell culture method 
is not necessary for direct examination o f  cellular components of 
culture. In these instances, staining with Hoechst dyes alone is 
sufficient. 
Russel et a1 (3) and Chen ( 4 ) .  All of these methods are based on 
the binding of DNA by Hoechst fluorochrome and the ability to 
detect densely stained mycoplasma in the cytoplasm. In lympho- 
blastoid cell lines having extensive nuclear areas, this method 
requires experienced technical personnel unless contamination is 
very advanced. Other methods, including conventional culture, 
electron microscopy, and uridine incorporation, have been reviewed 
and compared recently by Hessling et a1 (1). 

An a1 ternate method, first used in 1963 (5) , detected the 
citrulline resulting from arginine deiminase modification of 
arginine. All of the contaminating mycoplasma encountered in this 
study were of the species which contained the arginine deiminase 
activity. This colorimetric assay has not been used extensively 
in recent literature because of its lack of sensitivity and 
inability to recognize low level contamination as conveniently as 
the fluorescent staining method. The technique which we report 
utilizes the speed and resolving power of HPLC in combination with 
the fluorescent staining method to screen cultures, such as 
lymphoblasts, having large nuclei, which are difficult to analyze 
by the staining technique alone when infected at a low level. 

After 

Although the frequency of appearance of each strain 

Convenient staining methods have been described by 
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DETECTION OF MYCOPLASMA CONTAMINATION 1101 

T h i s  e x t r a  sc reen ing  s e n s i t i v i t y  a l l o w s  e i t h e r  c o n f i r m i n g  da ta  i n  

n e g a t i v e  c u l t u r e s  o r  d e t e c t i n g  as p o s i t i v e  those c u l t u r e s  which 

may be ques t i onab le  by o t h e r  techniques.  

screen c e l l  c u l t u r e  superna tan ts  f o r  t h e  presence o f  c i t r u l l i n e  

l e v e l s ,  i n d i c a t i n g  t h e  c u l t u r e  t h a t  produced them was mycoplasma- 

i n f e c t e d .  

t i o n  o f  lymphokines f r o m  l ymphob las to id  c e l l  c u l t u r e s .  

It a l s o  enables one t o  

We have found t h i s  method t o  be o f  v a l u e  i p  t h e  produc-  

- MATERIALS AND METHODS 

- C e l l  C u l t u r e  

The human l ymphob las to id  c e l l  l i n e  R P M I  1788 was used f o r  t h e  

s t u d i e s  descr ibed.  

(6) i n  R P M I  1640 (Gibco, Grand I s l a n d ,  N Y )  c o n t a i n i n g  2% hea t -  

i n a c t i v a t e d  pooled human serum. 

c o n c e n t r a t i o n  o f  1 x 10 / m l  and were a l l owed  t o  grow f o r  24 
hours a t  37"C, d u r i n g  which t i m e  t h e  c e l l  number doubled. 

a n t i b i o t i c s  were used f o r  c u l t u r e .  S t e r i l i t y  was mon i to red  by 

i n o c u l a t i o n  o f  t r y p t i c a s e  soy b r o t h  and t h i o g l y c o l l a t e .  

The c e l l s  were grown as p r e v i o u s l y  desc r ibed  

C e l l s  were seeded a t  an i n i t i a l  
6 

No 

F1 uorescent  S t a i n i n g  Methods 

F luo rescen t  s t a i n i n g  o f  R P M I  1788 l y r p h o b l a s t s  was c a r r i e d  

o u t  a c c o r d i n g  t o  t h e  methods o f  Chen (4). One nil samples o f  

R P M I  1788 were removed f rom s p i n n e r  f l a s k s  and p laced  i n t o  a 

s t e r i l e  15 m l  c e n t r i f u g e  tube.  The c e l l s  were f i x e d  i n  2 m l  of 

Carnoy 's  f i x a t i v e  (3 : l  106% methanol : g l a c i a l  a c e t i c  a c i d )  added 

d i r e c t l y  t o  t h e  sample w i t h o u t  removing t h e  growth media. 

f i x a t i o n  f o r  2 minutes t h e  c e l l s  were c e n t r i f u g e d  a t  300 X g f o r  5 

minutes,  t h e  superna tan t  decanted, and t h e  c e l l s  were washed i n  

2 m l  Ca rnoy ' s  f i x a t i v e  f o r  10 m inu tes  and aga in  c e n t r i f u g e d .  

p e l l e t e d  f i x e d  c e l l s  were resuspended i n  1.0 m l  o f  Hoechst 33758 

(2- [2- (4 hydroxyphenyl)-2-benzimidazolyl]-6-[methyl-4-piperazyl] 
benzimidazol  ) - t r i h y d r o c h l o r i d e  i n  phosphate-buf fered s a l i n e  a t  

A f t e r  

The 
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1102 MC ENTIRE, LE GRAND, AND GRINSTEAD 

0.05 ug/ml. An a l i quo t  of the  s ta ined  c e l l s  was placed onto a 
microscope s l i d e  and examined a t  390 X on a Leitz Dialux 20 a t  
390-490 nm e x c i t a t i o n ,  >515 rim emission. Cultures were judged t o  
be pos i t i ve ,  negative,  or questionable f o r  mycoplasma contamination 
based on appearance of in tense ly  s t a in ing  extranuclear areas of 
DNA. 

High Perforniavce Liquid Chromatography 

HPLC i d m t i f i c a t i o n  of c i t r u l l i n e  was perfcrmed by modifica- 
t i o n  of the procedure of Turnell a n d  Cooper ( 7 )  f o r  separation of 
OPA der iva t ives  of amino ac ids .  

1. Reagents. C i t r u l l i n e ,  homoserine, norvaline,  O P A ,  
2-mercaptoethanol , and dimethyl sul foxide (DMSO) were purchased 
from Sigma ( S t .  Louis, M O ) .  Iodoacetic acid was purchased from 
Eastman (Rochester, N Y ) .  Solvents were purchased from Fisher 
(S t .  Louis, N O ) .  All reagents f o r  sample processing and der iva t iza-  
t i on  were prepared a s  described by Turnell and Cooper ( 7 ) .  

a .  OPA/2-ME Reagent, Five hundred mg of OPA was 
dissolved in 10 m l  of methanol and d i lu t ed  t o  100 m l  with a 400 mM 
sodium borate buf fer ,  pH 9.5. Four hundred u1 2-ME was added t o  
t h i s  so lu t ion  followed by an additional 40 p1 every th ree  days. 
This reagent was s tored  f o r  about t h ree  weeks a t  room temperature. 

b .  Iodoacetic Acid Reagent. Iodoacetic acid (0.74 g )  
a n d  boric ac id  (0.62 g )  were dissolved i n  H P L C  grade water. The 
pH was adjusted t o  9.5 with 21vl NaOH so lu t ion  a n d  the mixture was 
brought t o  100 ml w i t h  water. 

of 2-ME was added t o  25 ml of a c e t o n i t r i l p .  
prepared da i ly .  

prepared by addition of 250 mmoles propionic acid ( r e l a t i v e  
dens i ty  = 0.990-0.995 kg/ l )  and 350 mmoles of anhydrous Na2HP04. 
The so lu t ion  was adjusted t o  pH 6.50 a t  room temperature with a 4M 

NaOH solu t ion .  

c .  Ace ton i t r i l e  Prec ip i ta t ion  Reagent. F i f ty  mic ro l i t e r s  
This reagent was 

d .  Stock Sodium Propionate Solution. This so lu t ion  was 
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DETECTION OF MYCOPLASMA CONTAMINATION 1103 

e .  Internal Standard Solution. In 1.0 1 of water,  
1.0 mmole each of homoserine and norvaline was dissolved. 
of this so lu t ion  were s tored  a t  -20°C un t i l  used. 

so lu t ion /ace ton i t r i l e  (72/20/8 by volume). 

sulfoxide (42/30/25/3 by volume), 
and degassed p r io r  t o  use. 

c i t r u l l i n e  ana lys i s  were processed and der iva t ized  as described by 

Turnell and Cooper (7)  f o r  amino acid ana lys i s .  Twenty ul of 
in te rna l  standard so lu t ion  and 200 v l  of a c e t o n i t r i l e  p rec ip i t a t ion  
reagent were added t o  a 20 p1 sample i n  a polypropylene tube. 
contents of a l l  tubes were vortexed and centrifuged a t  13,000 X g 
f o r  2 minutes. Twenty 111 of t he  r e su l t i ng  supernatant so lu t ion  
was placed in to  another polypropylene tube,  and 100 pl of t he  
iodoacetic acid reagent was added. The contents of t he  t u b e  were 
mixed by vortexing, 100 pl of the  OPA/?-ME reagent was added, and 
exac t ly  30 seconds l a t e r  20 p1 was in jec ted  o n t o  t h e  column. 

3. Instrumentation. The HPLC system used includes two 
Waters model 6000A pumps, a model U6K i n j e c t o r ,  a model 660 
solvent programmer (Waters Assoc., Milford, M A ) ,  and LDC f luoro-  
monitor I11 model 1311 ( L D C ,  Riviera Bpach, FL) equipped w i t h  an 
exc i t a t ion  band width of 340 t o  380 nm and  an emission wavelengt,h 
f i l t e r  of 418-700 nm. Data were acquired v i a  a Smartface a/d 
converter (P.J. Cobert, ASSOC. ,  S t .  Louis, M O )  and analyzed using 
custom software and  a DEC LSI 11/23 corrputer (Dig i ta l  Equipment 
Co., Flaynard, M A ) ,  a DSD 880 d i sc  dr ive  (Data Systems Designs, 
Dallas,  TX), and a Tektronix 4662 d i g i t a l  p l o t t e r  (Tektronix, 
Beaverton, OR).  

column prepacked w i t h  Waters pBondapak C18 ( p a r t i c l e  diameter 10 
microns). 
Waters guard column packed w i t h  Waters Bondapak C18/Corasil 
( p a r t i c l e  diameter 37-50 microns). 

Aliquots 

f .  Solvent A.  Water/stock sodium propionate 

g. Sol vent B. Water/acetoni t r i  le/methanol /dimethyl 
All HPLC so lvents  were f i l t e r e d  

2.  Sample Processing and Der iva t iza t ion .  Samples f o r  

The 

The column used was a 3.9 mm ID x 30 cm ana ly t ica l  

The ana ly t ica l  column was f i t t e d  with a 30 mm x 2 mm ID 
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1104 MC ENTIRE, LE GRAND, AND GRLNSTEAD 

4. Chromatographic Cond i t i ons .  The procedure used was based 

on t h e  method f o r  amino a c i d  a n a l y s i s  desc r ibed  p r e v i o u s l y  by 

T u r n e l l  and Cooper ( 7 ) .  
o b t a i n  c o n d i t i o n s  s u i t a b l e  f o r  d e t e c t i o n  o f  c i t r u l l i n e  i n  c e l l  
c u l t u r e  medium and c u l t u r e  superna tan ts .  Samples o r  s tandards 

were processed and d e r i v a t i z e d  as desc r ibed  above, and 20 p1 
p o r t i o n s  were i n j e c t e d  on to  t h e  HPLC column. 

o u t  a t  room temperature w i t h  a concave g r a d i e n t  ( g r a d i e n t  cu rve  

#10 on t h e  Waters model 660 s o l v e n t  programmer), r a n g i n g  f r o m  100% 
s o l v e n t  A a t  t h e  t i m e  o f  i n j e c t i o n  t o  100% s o l v e n t  B 20 minutes 

a f t e r  i n j e c t i o n .  The f l o w  r a t e  was 2.0 ml /min.  Under these  

c o n d i t i o n s ,  t h e  c i t r u l l i n e  d e r i v a t i v e  e l u t e d  near  t h e  end of t h e  

g r a d i e n t  r u n  w i t h  a r e t e n t i o n  t i m e  o f  app rox ima te l y  19.2 minutes 

and c l e a r l y  was separated f r o m  d e r i v a t i v e s  o f  t h e  amino a c i d s  

found i n  t h e  c u l t u r e  medium and supernatants .  

rema in ing  amino a c i d s  i n  t h e  sample were e l u t e d  o v e r  t h e  n e x t  10 
minutes w i t h  100% s o l v e n t  B. The column was e q u i l i b r a t e d  then  

w i t h  100% s o l v e n t  A p r i o r  t o  t h e  n e x t  sample i n j e c t i o n .  

i d e n t i f i e d  by t h e i r  r e t e n t i o n  t imes  r e l a t i v e  t o  t h e  r e f e r e n c e  

peaks produced by  homoserine and n c r v a l i n e .  

c i t r u l l i n e  i n  samples was accomplished by measuring t h e  c i t r u l l i n e  

peak area and comparing w i t h  t h e  peak area produced by a known 

amount o f  t h e  i n t e r n a l  s tandard  homoserine. The r a t i o  o f  t h e  peak 

areas ob ta ined ,  a long  w i t h  t h e  r e l a t i v e  mo la r  f l u o r e s c e n c e  response 

o f  c i t r u l l i n e  w i t h  r e s p e c t  t o  homoserine under  i d e n t i c a l  d e r i v a t i z a  

t i o n  and chromatographic  c o n d i t i o n s ,  c o u l d  be used t o  c a l c u l a t e  

t h e  c o n c e n t r a t i o n  o f  c i t r u l l i n e  i n  a sample. 

c i t r u l l i n e  i n  RPMI 1640 medium was prepared so t h a t  t h e  concen- 
t r a t i o n  range of added c i t r u l l i n e  i n  t h e  medium ranged f rom 

0.05 mM t o  2.0 mM. 

t hen  d e r i v a t i z e d ,  processed, chromatographed, and q u a n t i t a t e d  a s  
desc r ibed  above. 

We have m o d i f i e d  t h e i r  procedure t o  

E l u t i o n  was c a r r i e d  

D e r i v a t i v e s  o f  t h e  

5. I d e n t i f i c a t i o n  and Q u a n t i t a t i o n .  C i t r u l l i n e  peaks were 

Q u a n t i t a t i o n  o f  

A s tandard  cu rve  o f  

Twenty p1 a l i q u o t s  f rom each p r e p a r a t i o n  were 
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DETECTION OF MYCOPLASMA CONTAMINATION 1105 

0.4 1.2 2 . 0  

CITRULLINE (MILLIMOLAR) 

F I G U R E  1. Standard cu rve  r r l a t i n q  c i t r u l l  i n e  c o n c c r l t r a t i o n  t o  
peak a res .  
c o n t a i n i n 9  27; huwan serum were sp i ked  w i t h  c i t r u l -  
l i v e  avd d e r i v a t i z e d  as  desc r ibed  i n  Methods. Peak 
a r m s  o f  c i t r u l l i n e  were determined by compiiter 
a n a l y s i s  w i th  r e s p e c t  t o  i n t e r n a l  s tandard  peaks 
2nd a r e  e x o r e s s d  i n  a r b i t r a p  u n i t s .  
i s  exprpssed as mM c o n c e n t r a t i o n  o f  sample, r2  = 
0.9961; y = 19?.7x + 6.7.  

Samples o f  t i s s u e  c u l t u r e  mediulri 

C i t r u l l i n ?  

RESULTS AND D I S C U S S I O N  

F i g u r e  1 i s  a s tandard  cu rve  f o r  c i t r u l l i n e  c o n c e n t r a t i o n  

versus peak area u s i n g  t h e  c o n d i t i o n s  desc r ihed .  

of peak area t o  c i t r u l l i n e  c o n c e n t r a t i o n  was obta ined.  

range o f  5.0 f l u o r e s c e n t  u n i t s  f u l l  sca le ,  one can e a s i l y  d e t e c t  

c i t r u l l i n e  a t  t h e  l o w e s t  c o n c e n t r a t i o n  (0.05 mM) used, which 

corresponds t o  84 p icomoles o f  c i t r u l l i n e  a c t u a l l y  i n j e c t e d .  

A l i n e a r  response 

Us ing  a 
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1106 MC ENTIRE, LE GRAND, AND GRINSTEAD 

FIGURE 2 .  D e t e c t i c n  of mycoplasnia con tamina t ion  i n  t i s s u c  
c u l t u r e .  RPMI 1788 l ymphob las to id  c e l l  c u l t u r e s  
were examined by s t a i n i n g  w i t h  Hoechst dye as 
d e s c r i b e d  i n  f l r t hods  and then  superna tan ts  were 
sub.iecteci t o  c i t r u l l i n e  d e t e r m i n a t i o n .  Lower 
p r o f i l e  i s  r e g a t i v e  c o n t r o l  p r e p a r a t i o n  of medium 
and serum o n l y ,  m i d d l e  p r o f i l e  i s  o f  superna tan t  of 
c u l t u r e  which was shown n o t  t o  c o n t a i n  mycoplasma 
by  s t a i n i n g ,  and upper f i g u r e  i s  superna tan t  of 
c u l t u r e  which was  q u e s t i o n a b l e  by s t , a i r i n g  t e c h -  
niques. 
i s  p r e s e n t  o n l y  i n  t h e  contaminated c u l t u r e .  

Arrow i n d i c a t e s  t h e  c i t . r u l l i n e  peak which 

F i g u r e  2 shows t h e  r e s u l t s  o b t a i n e d  when t h i s  method i s  

a p p l i e d  t o  d e t e c t i o n  o f  mycoplasma i n  t i s s u e  c u l t u r e .  
p r o f i l e  i s  t i s s u e  c u l t u r e  medium c o n t a i n i n g  2% h e a t - i n a c t i v a t e d  

human serum. 

The lower  

T h i s  sample has no c i t r u l l i n e  d e t e c t a b l e  a t  t h e  
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DETECTION OF MYCOPLASMA CONTAMINATION 1107 

s e n s i t i v i t y  employed. 
growth of lymphoblastoid c e l l s  which were shown, by s t a in ing  w i t h  
Hoechst 33258, t o  be negative f o r  m,ycoplasma contamination. I t  
a l s o  has no de tec tab le  c i t r u l l i n e  present.  
example of t he  usefulness of t h i s  technique. 
obtained from a cu l tu re  which gave questionable findings when 
s t a ined ,  y e t  was shown by subsequent s tP in inq  t o  be mycoplasma- 
contaminated. As indicated by the arrow, c i t r u l l i n e  i s  present i n  
t h i s  preparation. 

We estimate t h a t  a Concentration o f  c i t r u l l i n e  as low as  
0.01 mM (15-20 picornoles of c i t r u l l i n e  in j ec t ed )  could be detected 
w i t h  this method a t  the s e n s i t i v i t y  employed cur ren t ly .  
necessary, f o r  o ther  appl ica t ions  o r  media sources, one could 
increase s e n s i t i v i t y  e a s i l y  by r e l a t i v e  increases i n  t he  in j ec t ion  
volume o r  ranging of t he  de t ec to r .  
those cu l tu re s  which are negative o r  questionable by s t a in ing  and 
which, l a t e r ,  can he shown t o  be pos i t i ve  by s t a in ing  have  a 
de tec tab le  c i t r u l l i n e  peak a t  t h e  s e n s i t i v i t y  range described. 
routinely cu l tu re  c e l l s  i n  RPMI 1640 mediun: ccntaininq 2% human 
serum. Human serum contains approximately 25 pmoles of c i t r u l l i n e  
per l i t e r ,  which corresponds t o  a c i t r u l l i n e  concentration in  
medium supplemented w i t h  2% human serum of only 0.5 pM, well helow 
the  de tec t ion  l i m i t  of our assay. 
peak corresponding t o  c i t r u l l i n e  in our assay represents a level 
of c i t r u l l i n e  i n  the  sample which canriot be a t t r i b u t e d  t o  c i t r u l l i n e  
i n  t he  seruri added t o  the  medium f o r  ce l l  cu l ture .  ke ca l cu la t e  
t h a t  addi t ion  of 10% f e t a l  ca l f  serum t o  cu l tu re  medium a l s o  would 
not i n t e r f e r e  w i t h  our assay unless the  c i t r u l l i n e  content of t he  
added seruri were unususlly h i g h .  

important, however, t o  control t he  time from de r iva t i za t ion  t o  
in j ec t ion  as c lose ly  as poss ib le  because of t he  r e l a t i v e l y  shor t  
ha l f - l i ves  of t he  OPA/P-ME der iva t ives  of the  amino acic‘c. In  a 
study of s t a b i l i t y  of such de r iva t ives ,  Turnell and Cooper ( 7 )  
reported t h a t  t he  c i t r u l l i n e  derivat,ive i n  OPA/2-M€ has a h a l f - l i f e  

The middle p r o f i l e  i s  supernatant a f t e r  

The upper c’gure i s  a r  

An a l iquot  was 

I f  

However, f o r  o u r  purposes, 

We 

Accordinply, de tec t iov  of a 

This assay i s  simple, quick, and easy t o  i n t e r p r e t .  I t  i s  
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of only 3.5 minutes while the  h a l f - l i f e  o f  t he  same de r iva t ive  
d i lu t ed  in so lvent  A i s  79.3 minutes. T h u s ,  the  c i t r u l l i n e  
der iva t ive  i s  r e l a t i v e l y  s t a b l e  once in jec ted  onto the  column and 
delay i n  i n j ec t ion  should be avoided. This i n s t a b i l i t y  causes no 
problems because the  de r iva t i za t ion  procedure i s  very uncomplicated 
technica l ly  and can be ca r r i ed  out e a s i l y  d u r i n g  a 30-second 
period. 

T h i s  technique i s  not intended t o  be a s u b s t i t u t e  method f o r  
the  widely used s t a in ing  techniques. I t  i s ,  however, extremely 
useful in instances where fluorochrome s t a in ing  of c e l l s  may y ie ld  
questionable r e s u l t s ,  such as i n  those instances where c e l l s  w i t h  
l a rge  nuclei make in t e rp re t a t ion  of r e s u l t s  d i f f i c u l t  in low level 
contamination. 
t i on  i n  these  questionable instances could be determilled by 
inoculatiov o f  i nd ica to r  c e l l  l i r e s  which a r e  e a s i e r  t o  i n t e r p r e t  
by s t a in ing ,  t h i s  would require an addi t iona l  week, during w h i c h  
time the  d ispos i t ion  of supernatants and continued cu l t i va t ion  of 
c e l l s  in question would be hampered. 
ours,  where 20-30 llciay of lymphoblastoid cu l tu re  i s  processed, 
the  s torage  of supernatants f o r  such long periods i s  n o t  acceptable 
nor i s  t he  expense of continued cu l tu re  of c e l l s  while such 
t e s t i n g  i s  being performed. 
fluorochrome s t a in ing  w i t h  additional H P L C  determination of 
c i t r u l l i n e  i n  questionable cu l tu re s  allows us a degree o f  c e r t a i n t y  
which efiables us t o  pool and process these  supernatants immediately. 

This technique i s  l imi ted  t o  de tec t ion  of s t r a i n s  of mycoplasma 
which contain the  enzyme arq in ine  deiminase. However, i t  i s  our 
experience t h a t  the  presence o f  arg in ine  deiminase z c t i v i t y  
co r re l a t e s  highly w i t h  t o t a l  mycoplasma de tec tab le  by s ta in ing  
techniques. This observation confirms the  f ind ings  o f  Bar i le  and 
Schircke ( 5 )  in which 73  cu l tu re s  submitted by 22 l ahora to r i e s  were 
examined co lor in ie t r ica l ly  f o r  a rg in ine  deiminase a c t i v i t y  and were 
shown t o  have 100% cor re l a t ion  with i s o l a t a b l e  mycoplasma by 
growth in cu l tu re .  

Even t h o u g h  the  p o s s i b i l i t y  o f  mycoplasma contamina- 

I n  a laboratory such a s  

The use of a combination of i v i t i a l  

According t o  del Guidice and Iiopps (2), the  
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DETECTION OF MYCOPLASMA CONTAMINATION 1109 

most commonly encountered mycoplasma spec ies  over a n  11-year 
period included a s i g n i f i c a n t  portion which would not have been 
de tec tab le  by o u r  assay. However, they point ou t  t h a t  the  species 
encountered vary g rea t ly  from year-to-year and among labora tor ies .  

An additional advantage of o u r  technique i s  t h a t  i t  does n o t  
requi re  in ten t iona l  growth of mycoplasva-infected cu l tu re s  i n  t he  
labora tory .  With the ind ica to r  c e l l  l i n e  technique, one must 
cu l tu re  mycoplasma f o r  use as  a pos i t i ve  control a n d  a l s o  c u l t u r e  
poten t ia l  mycoplasma-infected cel  Is ,  supernatants,  s e ra ,  o r  o ther  
medium components in order t o  e s t ab l i sh  them i n  i nd ica to r  c e l l  
l i n e s .  Although these techniques a r e  extremely r e l i a b l p ,  most 
labora tor ies  a r e  ne i the r  equipped with separa te  t i s s u e  cu l tu re  
a reas  f o r  in ten t iona l  growth o f  rnycoplasma nor a r e  the  inves t iga-  
t o r s  comfortable w i t h  the  presence of rnycoplasma-contaminated c e l l  
l i nes .  

We have described a convenient, s ens i t i vp  assay system based 
on the  de tec t ion  of der iva t ized  c i t r u l l i n e  by reversed-phase H P L C  
f o r  the de tec t ion  of mycoplasma contamination of c e l l  cu l tu re s .  
This technique i s  based on the  presence of a rg in ine  deiminase 
a c t i v i t y ,  an enzyme not found in mammalian systems, and will  
de t ec t  most commonly encountered mycoplasma c e l l  cu l tu re  contami- 
nants. I t  i s  e spec ia l ly  useful as a confirming technique when 
conventional detection by s t a in ing  i s  questionable o r  in instances 
requiring rapid d ispos i t ion  of c e l l  cu l tu re s  o r  supernatants.  
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