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Abstract. A metabolic labelling medium was devised f Tricho- 
monas vaainalis and Tritrichomonas foetus utilizing "S meth- 
ionine. T. vaginalis cultured for 24h in the medium took up ap- 
proximately 27% of the available label and increased greater than 
two fold in number. Counts per microgram of protein were 32,555 2 
10% between different strains or identical strains in different 
labelling runs. T. foetus took up approximately 5% of the avail- 
able label and increased greater than two fold in 24h. This re- 
sulted in specific labelling of 12,704 cpmlug protein 2 10% be- 
tween different runs with the same strain. @ 1986 s o c i e t y  f o r  E x p e r i m e n t a l  

B i o l o g y  and M e d i c i n e  

INTRODUCTION 

Although axenic culture media have 
been devised for important parasitic 
protozoa such as Giardia lamblia, 
Trichomonas vaginalis and Entamoeba 
histolvtica, successful media contain 
undefined components such as peptones 
and serum (1). Intrinsic labelling of 
these protozoa with amino acids is con- 
ceptually difficult because of the 
large amounts of free amino acids or 
small molecular weight peptides in 
these undefined media. Two approaches 
to radiolabelling can be taken: 1) the 
use of large amounts of label resulting 
in poor labelling or 2 )  the use of a 
medium which although defined, permits 
short-term survival but not growth. 
Intrinsic labelling is not a problem 
unique to protozoa, but is a problem 
for mycoplasmas and other organisms for 
which defined media have yet to be de- 
vised. However, protozoa can pinocyt- 
ize and utilize large molecules for 
cellular maintenance and growth, and 
va~inalis can ingest organisms such as 
mycoplasmas, chlamydiae, and bacteria 

(2) presumably for nutrients. In order 
to limit competition of small molecular 
weight medium components with label, we 
dialyzed both the serum and the pep- 
tonelyeast components of a modified 
Diamond's TYI-S-33 medium (1) and used 
the non-dialyzable fraction as the base 
for a labelling medium. Both T. vagin- 
alis and T. foetus showed limited mul- 
tiplication in this medium and demon- 
strated good radiolabel uptake and in- 
corporation into protozoal proteins. 

MATERIALS AND METHODS 

Organisms and Culture. T. vagin- 
alis and T. foetus were cultured in - 
Diamond's TYI-S-33 medium modified by 
substitution of Biosate (BBL, Cockys- 
ville, MD) for casein hydrolysate and 
yeast extract. Organisms were cultur- 
ed, tested for contamination with myco- 
plasma ( 3 1 ,  harvested as previously de- 
scribed ( 41 ,  washed three times in 
sterile phosphate buffered saline (PBS, 
0.01 M phosphate, 0.15 M NaC1, pH 7.01, 
and the final pellet was resuspended in 
2.5 ml of sterile PBS, pH 7.0. Cell 
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numbers were assessed  by removing 100 
u l  of t h e  c e l l  suspension,  f i x i n g  i n  
formal in  (1% i n  PBS), and counting wi th  
a  hemacytometer. 7For v a g i n a l i s  and 
T. f oe tu s ,  2  x  10 c e l l s  were used f o r  - 
each r a d i o l a b e l l i n g .  

Dialyzed Biosa te .  Eighty grams of 
dry Biosa te  was poured i n t o  a  previous- 
l y  bo i l ed ,  115 cm (knot  t o  kno t )  wet 
p iece  of d i a l y s i s  tubing (Spec t rapor ,  
molecular  weight c u t  o f f  12,000 t o  
14,000, d ry  diameter  27 mm, dry  th ick-  
ness 0.0008"; Spectrum Medical Indus- 
t r i e s  Inc.,  Los Angeles, CA) us ing  a 
funne l  and 20 cm p iece  of Tygon tub ing  
( i nne r  diameter  5/8", ~ a l g e n e ) .  The 
m a t e r i a l  was d ia lyzed  f o r  96 h  a t  4' C 
aga in s t  f ou r  changes of d i s t i l l e d  water  
(20 l i t e r s  per  24 hours)  i n  a  20 l i t e r  
carboy. Af t e r  96 h, t h e  m a t e r i a l  re-  
maining i n  t h e  d i a l y s i s  tub ing  was 
removed (approximately 1050 t o  1100 
mls)  and a  100 m l  a l i q u o t  was lyophi l -  
i zed  and weighed. Dialyzed Biosa te  
contained 7.15% of t h e  o r i g i n a l  dry 
weight of 80 grams. 

Serum. One l i t e r  of newborn c a l f  
serum was d ia lyzed  a g a i n s t  d i s t i l l e d  
water  ( t h r e e  changes of 20 l i t e r s  each) 
f o r  96 hours.  The volume of r e t e n t a t e  
i n  t h e  d i a l y s i s  tubing was then  measur- 
ed and subsequently made 0.15 M i n  
NaC1, s t e r i l i z e d  by f i l t r a t i o n  through 
a  0.22 nm f i l t e r  (Mi l l i po re ,  Bedford, 
MA), a l i quo t ed ,  and f rozen  a t  - 2 0 ' ~  un- 
t i l  use. 

Complete Dialyzed Medium. Dialyz- 
ed b i o s a t e  (870 mls)  was placed i n  a  1 
l i t e r  Erlenmeyer f l a s k .  With s t i r r i n g ,  
10 grams dex t ro se ,  1 gram cys t e ine  
hydrochlor ide ,  1 gram K2HP0 , 0.6 gram 
KHPO 2 g r a m s  NaC1, and 24.5mg f e r -  
rig i k o n i u m  c i t r a t e  were added. Note 
t h a t  t h e s e  i ng red i en t s  a r e  v i r t u a l l y  
i d e n t i c a l  t o  t hose  i n  Diamond's TYI-S- 
-33 medium ( 1 )  except  t h e  a sco rb i c  a c i d  
i s  omit ted.  Af t e r  a l l  components d i s -  
solved,  100 m l  of d ia lyzed  serum and 30 
m l  of Diamond's Tween-80 Vitamin Mix- 
t u r e  (K.C. B io log i ca l s ,  Lenexa, KS) 
were added. The medium was brought t o  
pH 6.7 by t h e  a d d i t i o n  of 10 N sodium 
hydroxide,  s t e r i l i z e d  by f i l t r a t i o n  
through a  0.22 nm f i l t e r ,  a l i quo t ed  i n  
100 m l  po r t i ons ,  and f rozen  a t  - 2 0 ' ~  
f o r  up t o  60 days before  use. 

Labe l l ing  of Organisms. Organisms 
(2  x  10' suspended i n  no more t han  2.5 
m l  PBS) were placed i n t o  140 m l  g l a s s  
b o t t l e s  conta in ing  120 m l  of complete 
medium ( b o t t l e s 3 ~ e r e  85% f u l l )  a t  37 '~.  
Immediately, S-methionine (250 uCi, 
s p e c i f i c  a c t i v i t y  1086 ~ i / m m o l ,  New 
England Nuclear, Boston,  ass.) was 
added and t h e  c u l t u r e  was incubated a t  
37 OC f o r  24 h. Organisms were har- 
ves ted  by c e n t r i f u g a t i o n  a t  500 x  g  f o r  
10 rnin and washed 3x i n  10 m l  of s t e r -  
i l e  PBS. Spent medium and wash mater- 
i a l  were combined and saved f o r  radio-  
a c t i v e  counting.  The f i n a l  p e l l e t  was 
resuspended i n  10 m l  PBS, pH 7.0. One 
m l  a l i q u o t s  were placed i n  1.5 m l  
microfuge tubes  and cen t r i f uged  a t  
12,500 x  g  f o r  2  min. Supernates  were 
removed by a s p i r a t i o n  wi th  a  Pas teur  
p i p e t t e  and added t o  t h e  spent  medium 
and wash ma te r i a l .  P e l l e t e d  c e l l s  were 
f rozen  a t  - 7 0 ' ~  u n t i l  use. P ro t e in  
conten t  was es t imated  by t h e  method of 
Bradford (5 ) .  

Radioact ive Counting. Samples of 
washed c e l l s  ( 5  o r  10 u l  i n  PBS) o r  
samples of spent  c u l t u r e  medium (5 u l )  
were mixed i n  10 m l  of Aquasol (New 
England Nuclear ,  Boston, MA). This  was 
shaken v igorous ly  and counted f o r  1 rnin 
on a  Beckman LS 3800 S c i n t i l l a t i o n  
Counter . 

SDS-PAGE and Fluorography. SDS- 
-PAGE was c a r r i e d  ou t  by a  modi f ica t ion  
of t h e  method of Laernmli ( 6 )  a s  pre- 
v ious ly  descr ibed  ( 4 ) .  Gels were f i x e d  
i n  a s o l u t i o n  of 30% methanol, 10% 
a c e t i c  a c i d ,  and 10% t r i c h l o r o a c e t i c  
a c id  f o r  1 h ,  t r e a t e d  f o r  30 rnin wi th  
Enhance ( ~ e w  England Nuclear, Boston, 
Mass.), then  30 min wi th  d i s t i l l e d  
water  and d r i e d  f o r  1 h  a t  8 0 ' ~  under 
vacuum. Fluorography was performed by 
exposing g e l s  f o r  3  t o  5  days (72 t o  
120 h )  t o  Kodak XRP-1 f i l m  a t  -70'~. 

RESULTS 

Radio labe l l inp  and Growth of O r -  
ganisms i n  Dialyzed Medium. I n  pre- 
v ious  a t tempts  t o  l a b e l  T. v a n i n a l i s  
and T. f o e t u s ,  we employed a  number of 
repor ted  s t r a t e g i e s  wi th  poor r e s u l t s :  
counts  were low per  ug of p ro t e in .  I n  
t h e  d ia lyzed  medium, bo th  T. v a ~ i n a l i s  
and T. f o e t u s  showed exce l l en t  v i a b i l -  
i t y  ( g r e a t e r  t han  99% by vigorous mo- 



RAPID COMMUNICATION 

TABLE 1 

Radiolabel Accountability 

T. vaginalis T. foetus - 

Cell Input 
Cells Harvested (24 h) 
CPM Input (theoretical) 

CPM Recovered in Cell 
Pellet (3x washed) 

CPM Recovered in Cell 
Supernatant & Washes 

Total CPM Recovered 
% Recoverable Label 

Incorporated into Cells 
% Theoretical Available Label 

Incorporated into Cells 
Total % Theoretical Label 

Recovered 
CPM/ug Protein 

* 
Based on 90% counting efficiency 

t i l i t y )  a f t e r  incuba t ion  f o r  24 h. 
More than  a  two-fold i nc r ea se  i n  number 
of organisms w g 5  observed  able 1 ) .  
The uptake of S-methionine i n t o  t h e  
c e l l s  was 27.6% f o r  T. v a g i n a l i s  and 
5.2% f o r  T. foe tu s .  Incorpora t ion  of 
l a b e l  per  ug of c e l l  p r o t e i n  was high:  
32,555 cpm per  ug f o r  T. v a n i n a l i s  and 
12,704 cpm per  ug f o r  T. f oe tu s .  When 
higher  concen t r a t i ons  ( 2  x of or-  
ganisms were used ,  more r a d i o l a b e l  was 
taken  up (up t o  40% f o r  T. v a n i n a l i s )  
bu t  t h e  s p e c i f i c  a c t i v i t y  per  ug pro- 
t e i n  was s i g n i f i c a n t l y  lower ( d a t a  no t  
shown). Furthermore, a t  t h e s e  g r e a t e r  
c e l l  concen t r a t i ons ,  t h e  c u l t u r e s  had 
t o  be s p l i t  1:2 i n  t h e  l a b e l l i n g  medium 
(without  t h e  a d d i t i o n  of more l a b e l )  i n  
o rde r  t o  main ta in  v i a b i l i t y .  The 
l a b e l l i n g  procedure f o r  T. v a ~ i n a l i s  
was repea ted  twice wi th  t h e  CDC s t r a i n  
and fou r  t imes each wi th  s t r a i n  PHs-2J 
and STD-24. To t a l  l abg l  i nco rpo ra t i o  
ranged from 1.19 x  10  t o  1.42 x 10 ff 
cpm. Percent  i nco rpo ra t i on  d i d  not  
vHry more than  10% bktween experiments 
when d i f f e r e n t  s t r a i n s  were used a t  
equiva len t  s t a r t i n g  d e n s i t i e s .  

Fluoropraphy. The l a b e l  l i n g  in- 
t e n s i t i e s  f o r  T. v a n i n a l i s  and T. foe- 
t u s  were such t h a t  a  t h r e e  day f luoro-  - 

graph of 10  ug p r o t e i n  r e s u l t e d  i n  t h e  
v i s u a l i z a t i o n  of a t  l e a s t  20 d i s c r e t e  
r a d i o l a b e l l e d  components (F ig .  1 ) .  

1 2  -- 
.c 200 

Figure 1. Profiles of L3- and 1. 
vaginalis labelled with S-methionine 
run in 10% SDS-PAGE gels. Fluorograph 
of 1) T. vaginalis (10 ug protein; 
300,000 cpm) and 2) T. foetus (10 ug 
protein; 125,000 cpm) after 96 h expos- 
ure. 
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DISCUSSION 

Both T. vaginalis and T. foetus 
can survive and show limited replica- 
tion in a complex medium which has its 
small molecular weight fraction removed 
by dialysis. Since the organisms do 
not show similar survival in saline 
solutions or even in tissue culture 
media supplemented with serum, they ap- 
parently can obtain their nutrients by 
hydrolysis of large molecular weight 
components in the medium (the retentate 
and the dialyzed serum component). The 
results appear to indicate that these 
protozoa do not require small molecular 
weight components (less than 14,000 MW) 
for the limited growth shown in these 
experiments. As a consequence, the 
lfjalyzed medium provided for excellent 
S-methionine labelling of both 

species since competition by small mol- 
ecular weight constituents had been 
eliminated. Approximately 27% of the 
label was incorporated by T. va~inalis 
and 5% by T. foetus. Although differ- 
ent strains of T. vaginalis took up 
similar amounts of radiolabel, uptake 
by T. foetus was much less for unknown 
reasons. The result is an easy, repro- 
ducible, and cost-effective method for 
metabolically labelling T. vaninalis 
and T. foetus. Although we have not 
extended the scope of usefulness beyond 

respect to cpm incorporated would be 
significantly greater if two to three 
times more label were added to the cul- 
tures. Such an increase might be de- 
sirable, especially in cases where a 
polypeptide of interest was not quanti- 
tatively well-represented in the cells. 
Alternatively amino-acid mixtures could 
be used to label T. vaginalis or other 
protozoa in this medium, thus labelling 
polypeptides deficient or lacking in 
methionine. The concept of dialyzing a 
complex medium to eliminate small mol- 
ecules which compete with radiolabelled 
amino acid incorporation into protozoal 
proteins should prove useful in a num- 
ber of parasite culture systems. 
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