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Trichomonai vaginitis caused by Trichomonas vaginalis represents the most 
frequently acquired protozoan infestation (1-4). Despite the emergence of tri- 
chomoniasis as a major sexually transmitted disease, only limited information is 
available concerning T. vaginalis mechanisms of  disease pathogenesis. Determi- 
nants of pathogenicity have not been identified, although contact-dependent 
cytolytic events mediating destruction of  host cells and trichomonal hemolytic 
activity have been reported (2, 5, 6). The  parasite molecules responsible for 
these observations, however, are still unknown. 

Because acquisition of  host substances is important to the pathogenic mecha- 
nisms of microorganisms (7-14), we have attempted to define the molecular 
interactions of  host macromolecules with T. vaginalis (15-17). Our  approach has 
involved a step-wise examination of  plasma protein acquisition, identification of 
host proteins enriched onto trichomonad surfaces, and elucidation of  biological 
properties conferred upon T. vaginalis through binding and uptake of certain 
host molecules (16, 17). 

In a recent study (17) we reported the avid association of  several host plasma 
proteins, including an iron-binding protein, with the surface of T. vaginalis. 
Transferrin and lactoferrin are two proteins, with high binding affinities for 
ferric ions (18, 19), which are involved in iron sequestration within host tissues. 
Transferrin is found predominantly in plasma, while lactoferrin is produced by 
acinar cells of  mucosal surfaces and is found in milk, semen, tears, cervical 
secretions, polymorphonuclear leukocytic granules, and pus (20-22). Because 
acquisition of  host iron through specific mechanisms may be important to T. 
vaginalis (23-25), we decided to characterize further the interaction of  these two 
iron-binding proteins with T. vaginalis. These data show that iron accumulation 
and increased intracellular enzyme activity are associated with the binding of  
human iactoferrin by specific receptors on T. vaginalis. 

Materials and Methods  
Growth of Organisms. T. vaginalis strains NYH 286, 272, ATCC 30001, 30236, RU 

375, and IR 78 were kindly provided by Mikl6s M/iller, The Rockefeller University, New 
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York. StrainsJHHR andJHHW were provided by Michael Spence, Johns Hopkins. These 
strains were passaged daily in Diamond's trypticase-yeast extract-maltose (TYM) 1 medium 
(26) supplemented with 10% normal human plasma. Only late log stage parasites were 
used in these studies (15). Where indicated, low density lipoproteins at levels equivalent 
to those found in plasma were added to the medium. The growth properties of T. vaginal~ 
in low density lipoprotein-supplemented medium have been recently described (17). 

Lactoferrin and Transferrin Preparation. Human milk lactoferrin was purified by 
heparin-agarose chromatography (27). Briefly, 300 ml of pooled human milk donated by 
La Leche League (San Antonio, TX) was thawed and the cream removed by centrifugation 
at 10,000 g for 20 min. The skim milk was adjusted to pH 4.7 with 1 N HC1 and incubated 
at 40°C for 30 min followed by centrifugation at 10,000 g for 30 min. The whey was 
removed and dialyzed against 2 changes of 0.05 M NaCI in 0.005 M barbituric acid 
(Sigma Chemical Co., St. Louis, MO), pH 7.4. This material was then loaded onto a 1 × 
45 cm heparin-agarose column equilibrated with the barbital buffer described above. 
After washing the column with starting buffer, a 500-ml linear gradient from 0.05 M to 
1.0 M NaCI in starting buffer was applied at 15 ml/h. The peak corresponding to 
lactoferrin was pooled and dialyzed against PBS. Lactoferrin was >99% pure as deter- 
mined by 7.5% polyacrylamide gel electrophoresis and staining. Serum transferrin (Sigma) 
was also evaluated for purity. Protein solutions of iactoferrin and transferrin were 
prepared in phosphate-buffered saline (PBS; 137 mM NaCI, 2.7 mM KC1, 4.6 mM 
Na~HPO4, and 1.5 mM KH2PO4), pH 7.4, and dialyzed overnight against two changes of 
0.1 M citrate acetate buffer (pH 4.0) followed by one change of distilled water and two 
changes of a 40 mM Trizma base (Sigma)-20 mM sodium bicarbonate buffer (pH 7.4) 
(28). Saturation of transferrin and lactoferrin with iron was achieved by addition of 30 
#g of FeCls to 5 mg of protein in the Tris-bicarbonate buffer. Unbound iron was removed 
by dialysis against PBS. 

Transferrin and lactoferrin were radioiodinated by lactoperoxidase as described pre- 
viously (16, 17, 29) using 1.0 mCi of Na12~I (Amersham Corp., Arlington Heights, IL). 
Unbound radioactivity was removed using a 1 × 15 cm Sephadex G25 (Pharmacia, 
Piscataway, N J) column. Efficiency of labeling was determined by trichloroacetic acid 
precipitation (29). 

For studies examining the uptake of ferric iron, 59FeCIs (Amersham) was added to 
transferrin and lactoferrin as above in the Tris-bicarbonate buffer for 30 min at 22°C. 
Unincorporated iron was removed by chromatography in a 1 × 10 cm Sephadex G25 
column followed by overnight dialysis a.gainst two changes of PBS. These radiolabeled 
.preparations were ~50% saturated with ~Fe 3÷ as determined by incorporated radioactiv- 
ity. 

Cell Binding Assays. Live, motile parasites were washed twice in PBS to remove loosely 
bound medium components (17) and resuspended in PBS to a density of 1 × 10 s cells/ 
ml. 100-#1 aliquots of this parasite suspension were then added to 1.5 ml siliconized conical 
polypropylene microfuge tubes pretreated with 1% horse serum (12). Different amounts 
of protein preparations were added to the parasites with a final volume of 500 #1. 
Incubation was at both 4°C and 37°C for various times with occasional gentle shaking. 
Trichomonads were separated from unbound material by gentle centrifugation (17), 
followed by two washings in ice cold PBS. Finally, pelleted organisms were resuspended 
and transferred to another tube before determination of avidly bound cpm. Competition 
experiments were performed similarly with increasing amounts of unlabeled proteins 
mixed with radiolabeled proteins before addition. Ratios of unlabeled to iodinated proteins 
are indicated in the legend of Fig. 4, illustrating the competition experiment. 

Pyruvate/Ferredoxin Oxidoreductase Activity. T. vaginalis enzyme activity was monitored 
spectrophotometrically at 30 ° C, utilizing methylviologen as an artificial electron acceptor 
(23, 24). Briefly, an assay mixture containing 180 mM Na2PO4 and 120 mM NaHPO4, 

Abbreviations used in this paper: Kd, kilodalton; PAGE, polyacrylamide gel electrophoresis; PBS, 
phosphate-buffered saline; PMSF, phenylmethylsulfonylfluoride; RIP, radioimmunoprecipitation; 
SDS, sodium dodecyl sulfate; Staph A, protein A-bearing Staphylococcus aureus; TYM, trypticase- 
yeast extract-maltose; Z(3-12), Zwittergent 3 12. 
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pH 7.0, 16 mM methylviologen, 0.04 mM coenzyme A, 570 mM 2-mercaptoethanol, and 
0.1% Triton X-100 was prepared. The solution was placed in a rubber-stoppered quartz 
glass cuvette and flushed with deoxygenated N2. Parasites grown under different condi- 
tions were washed twice with anaerobic phosphate buffer (180 mM Na2HPO4 and 120 
mM NaHPO4, pH 7.0) and introduced into the assay mixture. After additional N~ flushing, 
4 mM (final concentration) pyruvate was added. The absorbance at 600 mM was moni- 
tored using a Beckman model 25 spectrophotometer. Results are expressed as nanomoles 
of reduced methylviologen formed per minute per 107 cells (24). 

SDS-PAGE and Fluorography. One-dimensional SDS-PAGE was performed according 
to Laemmli (30), using 1.5-ram slab gels consisting of a 3% stacking and 7.5% separating 
gel (15). After electrophoresis, gels were fixed and dried for exposure to x-ray film (17) 
or processed for fluorography (15). Molecular weight standards were purchased from Bio- 
Rad Labs (Richmond, CA). 

Affinity Purification of Trichomonad Lactoferrin-binding Proteins. A total of 5 x 109 35S- 
labeled (I 5) or surface radioiodinated trichomonads (31) were resuspended in 10 ml PBS 
containing 1% (wt/vol) Zwittergent 3-12 [Z(3-12)] (Calbiochem-Behring Corp., La Jolla, 
CA) detergent with 0.01% (wt/vol) phenylmethylsulfonylfluoride (PMSF). Trichomonads 
were solubilized by gentle homogenization and insoluble material removed by centrifuga- 
tion at 40,000 g in a Sorvall RC-5B refrigerated superspeed centrifuge for 60 min. The 
soluble trichomonal extract was then further diluted in PBS-0.01% PMSF to give a final 
Z(3-12) concentration of 0.1%. Chromatography was performed on a 1 × 5 cm lactoferrin- 
Sepharose (32) affinity column followed by washing with PBS-0.01% PMSF. The adherent 
material was eluted with 3 M potassium thiocyanate, pH 7.2, and dialyzed against PBS- 
PMSF before SDS-PAGE-autoradiography. 

Immunoprecipitation of Lactoferrin-trichomonad Receptor Complexes. A volume of 5 X 
10 v solubilized, 35S-labeled parasites prepared as described above was aliquoted into 
individual microfuge tubes. 30 #g of human lactoferrin or serum transferrin was then 
added to the samples, and incubated overnight at 4°C with constant gentle rocking. 20 
ttl of specific antiserum to lactoferrin or transferrin was then added for an additional 6 h 
followed by a 2-h incubation with washed formalin-fixed protein A-bearing Staphylococcus 
aureus (Staph A) (31). Receptor-ligand-antibody complexes were then selectively removed 
by pelleting the Staph A. The Staph A were then washed twice with PBS-0.01% Z(3-12) 
before solubilization of receptor-ligand complexes (31) for SDS-PAGE-fluorography. 
High-titered monospecific antiserum against lactoferrin and transferrin were generated 
in New Zealand White rabbits using standard immunizing regimens (15). Prebleed serum 
served as a control for these assays. 

Resul t s  

Time Course and Temperature-dependent Lactoferrin Binding. T h e  time course 
binding o f  1251-labeled human lactoferrin to T. vaginalis at both 4°C and 37°C 
is shown in Fig. 1. T h e  rates of  acquisition and the amount  o f  iactoferrin bound 
were similar at both temperatures ,  a l though ~20% more  radioactivity was 
associated with t r ichomonads  at the elevated tempera ture .  Steady state binding 
was demonst ra ted  at 37°C for up to 120 min. These  kinetic studies implicate 
the presence of  specific membrane  sites for  t r ichomonai  acquisition o f  this host 
substance. T h e  increased binding observed at 37 °C may be due to nonspecific 
interactions or may reflect the increased fluidity o f  the parasite membrane  at 
37°C. Alternatively, additional synthesis or  expression of  membrane  receptors  
at this t empera tu re  may result in enhanced specific acquisition. 

Placement o f  organisms in PBS at 4°C or 37°C after  maximal binding of  
iodinated iactoferrin (40 min) resulted in release o f  lactoferrin into the super- 
natant  (Table I). ~75% of  bound  material dissociated f rom intact organisms after  
an additional 30-min incubation and was recovered  in supernatant .  No alteration 
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FIGURE 1. Representative time course binding of 1~5I-labeled human lactoferrin to T. vagi- 
halls. Organisms were suspended at a density of I x 10 T parasites in a 0.5 ml final volume and 
incubated with 200 #g of ~25I-labeled-lactoferrin at 4°C (O) or 37°C (Q). The amount of cell 
associated radioactivity was determined as described in Materials and Methods. Results of 
duplicate determinations of a single experiment are shown. 

TABLE I 
Release of t~I-Lactoferrin frora 7", vaginalis Surfaces 

Time of incubation 

0 
5 

15 
30 
45 

Incubation 
temperature 

4°C 

cpm associated with* T. 
vaginalis (% remaining) 

36,000 (100) 
31,000 (86) 
18,000 (5 l) 
9,000 (25) 
8,000 (23) 

0 37°C 46,000 (100) 
5 38,000 (83) 

15 16,000 (45) 
Bo lo,ooo (30) 
45 9,000 (26) 

* 1 × IO T organisms in 0.5 ml PBS were incubated with 100 #g ~25I-labeled 
lactoferrin (specific activity, 6 × 103 cpm/#g protein) at 4°C and 370C 
for 40 min. After incubation at the specified temperatures, trichomonads 
were washed twice with PBS and resuspended in 0.5 ml PBS and 
transferred to another tube for the indicated times. Radioactivity was 
measured after pelleting of organisms as described in Materials and 
Methods. Each point represents the mean of three samples from a 
representative experiment. The standard deviation for each point never 
exceeded 10% of the mean. 

in t he  e l e c t r o p h o r e t i c  m o b i l i t y  o f  e i t h e r  r e l e a s e d  o r  t r i c h o m o n a d - a s s o c i a t e d  125I- 
l a b e l e d  l a c t o f e r r i n  was o b s e r v e d  (da t a  n o t  shown) ,  i n d i c a t i n g  the  a b s e n c e  o f  
p a r a s i t e  d e g r a d a t i o n  o f  l a c t o f e r r i n .  

Concentration-dependent Acquisition ofl~5l-labeled Lactoferrin. S a t u r a t i o n  b i n d -  
ing  o f  l a c t o f e r r i n  was a c h i e v e d  a f t e r  i n c u b a t i o n  o f  T. vaginalis with  i n c r e a s i n g  
c o n c e n t r a t i o n s  o f  i o d i n a t e d  l i g a n d  fo r  40 min  at  4 ° C ,  (Fig.  2). T h e  b i n d i n g  
k ine t ics  o f  t he  l a b e l e d  i a c t o f e r r i n  used  in these  assays was no t  a f f e c t e d  by  the  
i r on  c o n t e n t  o f  this  p r o t e i n .  Low- leve l  a s soc ia t ion  o f  t r a n s f e r r i n  wi th  T. vaginalis 
was o b s e r v e d  u n d e r  s imi la r  e x p e r i m e n t a l  cond i t i ons .  T h e  ove ra l l  e x t e n t  o f  
t r a n s f e r r i n  b i n d i n g  to  t he  pa ra s i t e s  n e v e r  e x c e e d e d  10% o f  t ha t  o b s e r v e d  fo r  
l a c t o f e r r i n .  S c a t c h a r d  analysis  (33) o f  t he  d a t a  fo r  l a c t o f e r r i n  b i n d i n g  a r e  shown 
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FIGURE 9. Concentration-dependent binding of 1251-labeled human lactoferrin (O) and trans- 
ferrin (O) to T. vaginalis. Cells were suspended at a density of  1 X l0 T organisms in 0.5 ml 
PBS and incubated with varying concentrations of ligand for 40 min at 4°C. Parasite bound 
cpm was determined as described. Each data point represents the mean value of duplicate 
samples in three separate experiments. 
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FIGURE 3. Scatchard plot analysis of data as presented in Fig. 2 which demonstrated satura- 
tion kinetics of l~5l-labeled human lactoferrin binding to T. vaginalis. 

in Fig. 3 and provided evidence for a single class of lactoferrin receptors with an 
apparent Kd of 1.0 #M. Low affinity (nonspecific) interactions were also evident 
at very high lactoferrin concentrations. The average number of trichomonad 
lactoferrin receptors was estimated to be 9 x 104 per cell. 

Lactoferrin Receptor Specificity. Stoichiometric competition for the lactoferrin 
receptor was observed when unlabeled ligand was added to trichomonads incu- 
bated with 125I-labeled lactoferrin (Fig. 4). Unlabeled transferrin did not compete 
for 125I-lactoferrin binding, demonstrating the specificity of the trichomonad 
receptor for lactoferrin. 

Affinity-purified Trichomonad-lactoferrin Receptors. The identification of the 
membrane components involved in lactoferrin binding was attempted using 
affinity chromatography. Electrophoretic analysis of  material eluted from lacto- 
ferrin covalently coupled to cyanogen bromide-activated Sepharose is presented 
in Fig. 5. Lane 1 A shows SsS-labeled proteins, with molecular weights (mol wts) 
of  178 Kd and 75 Kd, eluted from the lactoferrin column with 3 M potassium 
ferricyanide. Proteins with similar mol wts were identified when an extract of 
iodinated cells was used (lane 1B), confirming the surface origin of these 
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FIGURE 4. Specificity of acquisition of iactoferrin by T. vaginalis. A 1-ml suspension of 1 X 
107 trichomonads were simultaneously incubated for 40 min at 4°C with 300/*g radioiodinated 
lactoferrin and varied amounts of unlabeled lactoferrin (1) or transferrin (O). 100 #g of 
unlabeled lactoferrin represents a ratio of 1:3 unlabeled to labeled protein. The amount of 
12~I-iabeled lactoferrin bound to trichomonads in the absence or presence of competing ligand 
was determined as described in Materials and Methods. Each data point represents the mean 
value of duplicate samples from two separate experiments. 

FIGURE .5. SDS-PAGE-radioautography of ssS-intrinsically (A) and J2sI-cxtrinsically (B) radio- 
labeled T. vaginalis proteins purified by lactoferrin-Sepharose affinity chromatography. The 
trichomonad proteins selectively bound to the lactoferrin column are shown in lane I. The 
absence of parasite proteins binding to transferrin-Sepharose as a control is shown in lane 2. 
Lane 3 shows the protein gel patterns of radiolabeled T. vaginalis Zwittergent extracts. 
Molecular weight markers: myosin, 200 K; beta-galactosidase, 120 K; phosphorylase/3, 92.5 
K; bovine serum albumin, 68 K; ovalbumin, 44 K; and soybean trypsin inhibitor 21.5 K (K = 
10 s daltons). Arrows denote lactoferrin-binding proteins. 

l ac to fe r r in -b ind ing  prote ins .  T h e  absence  o f  r e d u c i n g  agen t  in the  e lec t ropho-  
resis dissolving b u f f e r  y ie lded identical  gel pa t terns .  Lanes  2A a nd  2B  il lustrate 
the  inability o f  35S-labeled o r  iod ina ted  parasi te  prote ins ,  respectively,  to  in terac t  
with t r ans fe r r in -Sepha rose  u n d e r  identical  condi t ions .  Lanes  3A a n d  3 B  repre -  
sent  pa t t e rns  o f  r ad io labe led  p ro te ins  in the  d e t e r g e n t  ext rac ts  subjec ted  to  
c h r o m a t o g r a p h y  a n d  show the  e n r i c h m e n t  on  l ac to fe r r in -Sepharose  fo r  specific 
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parasite proteins. While the appearance of another (third) protein with a slightly 
lower mol wt by affinity chromatography of iodinated T. vaginalis extracts (Fig. 
5, asterisk) cannot be explained at present, the absence of the doublet band using 
the alternative method (Fig. 6) suggests it may represent nonspecific material. 

lmmunoprecipitation of Lactoferrin-receptor Complexes. Another approach for 
identification of trichomonad components that bind human lactoferrin involved 
a radioimmunoprecipitation-type assay (34) using monospecific antisera to lac- 
toferrin. A detergent extract of  intrinsically labeled T. vaginalis was incubated 
with lactoferrin and anti-lactoferrin antibodies. Immunoprecipitated tricho- 
monad proteins that bind lactoferrin are shown in Fig. 6 (lane I). These proteins 
possessed mol wts similar to those purified by affinity chromatography (Fig. 5). 
Increasing the concentration of lactoferrin in the reaction mixture resulted in 
increased immunoprecipitated radioactivity (data not shown). Addition of albu- 
min or transferrin to the reaction mixture containing anti-lactoferrin serum did 
not result in precipitation of radiolabeled proteins (data not shown). Normal 
rabbit serum did not precipitate proteins under identical conditions (data not 
shown). The inability of transferrin and anti-transferrin antibodies to immuno- 
precipitate trichomonad proteins is shown in lane 2. Finally, use of a detergent 
extract of  iodinated T. vaginalis yielded equivalent results, reinforcing the surface 
orientation of the parasite lactoferrin receptors (data not shown). 

T. vaginalis Uptake of Iron from Lactoferrin. We next examined the ability of 
these parasites to remove SaFe 3+ from human 59Fe-lactoferrin. As can be seen in 

FtGURE 6. SDS-PAGE-radioautogTaphy following radioimmunoprecipitation of ~SS-labeled 
7". vaginalis lactoferrin-binding proteins. Specific proteins complexed with lactoferrin are 
shown in lane 1. Lane 2 represents absence of T. vaginalis transferrin-binding proteins in a 
transferrin-antitransferrin mixture. Lane 3 shows the gel pattern of the Zwittergent extract of 
35S-labeled T. vaginalis used in this assay. Molecular wei.ght markers are as indicated in the 
legend of Fig. 6. Arrows denote lactoferrin-binding protems. 
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Fig. 7, T. vaginalis rapidly and efficiently removed SgFe from lactoferrin. On a 
molar basis, T. vaginalis acquired approximately 120-fold more iron (60 pM) at 
37°C as compared with the steady-state concentration (0.5 pM) of  iron bound 
to the parasite surface at 4°C. These data demonstrate parasite accumulation of 
iron in excess to the amounts of lactoferrin acquired by T. vaginalis at each time 
point at 37°C. Consistent with our earlier observation (Fig. 2), T. vaginalis was 
unable to accumulate radioactive iron from transferrin (data not shown). 

Attempts by us to show the intracellular disposition of  iron through subcellular 
fractionation of T. vaginalis were unsuccessful. Therefore,  pyruvate/ferredoxin 
oxidoreductase, an enzyme involved in trichomonal energy metabolism (23) 
whose activity may be dependent upon intracellular iron levels, was monitored 
as a marker for iron uptake. As can be seen in Table II, addition of ferrous 
sulfate (a source of free iron) to TYM-medium increased this enzyme's activity 
more than sixfoId. A similar enhancement of  activity was observed with lactofer- 
rin-supplemented growth medium. Transferrin, apolactoferrin and apotransfer- 
rin, however, did not stimulate pyruvate/ferredoxin oxidoreductase activity 
above control values. Finally, enzyme activity remained high upon addition to 
medium of apotransferrin in the presence of iron-lactoferrin. These data indicate 
that iron uptake results from specific acquisition of human ]actoferrin by T. 
vaginalis. 

Comparative Lactoferrin Binding among T. vaginalis Isolates. Potential variabil- 
ity in lactoferrin binding among several T. vaginalis isolates was assessed in the 
cell binding assay. Excess levels of  ~zsI-lactoferrin (500 #g/ml) were incubated 
with 1 × 107 parasites for 40 min at 4°C. Lactoferrin binding (Table III) varied 
no more than 30%, indicating little or no differences in receptor number among 
various trichomonal isolates. 
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FIGURE 7. Time course iron (SgFe) accumulation by T. vaginalis. Trichomonads (1 X 107) 
were resuspended in 0.5 ml PBS and incubated with 200 #g of 59Fe-labeled lactoferrin (A, ©) 
or J~sI-labeled [actoferrin (&, O) at 37°C (&, A) and 4°C (O, O) for the indicated time points. 
The  amount  of radiolabel associated with T. vaginalis was determined as before. Each data 
point represents the mean value of duplicate samples from three experiments. 
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TABLE II 

Pyruvate/Ferredoxin Oxidoreductase Activity 

Activity (nmol min- lmg -~ 
Medium* supplement of protein)* 

Con t ro l - -no  addition 260 _ 504 
Ferrous sulfate | 1,670 +- 290 
Lactoferrin I 1,830 4- 330 
Apolactoferrin* 260 4- 60 
Transferrin 230 4- 80 
Apotransferrin* 270 -+ 90 
Lactoferrin + apotransferrin 1,780 4- 350 

* 1 × 107 T. vaginalis organisms were grown in TYM medium supple- 
mented with human low density lipoproteins at a concentration equiva- 
lent to that found in 10% plasma (17). 

* As described in Materials and Methods. 
25 mM ferrous ammonium sulfate was prepared in 50 mM sulfosalicylic 
acid. Final iron concentration in medium was 1.0 gg/ml. 

I 100 /~g/ml final concentration of 30% iron saturated lactoferrin or 
transferrin was used in the incubation medium as described above. 

! Mean values of duplicate samples from three independent assays. 

TABLE III  

Representative Lactoferrin Binding among T. vaginalis Strains 

Strain designation* Lactoferrin avidly bound (ng)* 

NYU 286 120 j 
NYU 272 110 
NYU 1R 78 100 
ATCC 30001 130 
ATCC 30236 140 
RU 375 140 
J H H R  120 
J H H W  140 

* See Materials and Methods. 
* 1 × 107 T. vaginalis organisms were grown in TYM-medium supple- 

mented with human low density lipoproteins to a density of ~1 × 106 
organisms/m/. Parasites were washed and then resuspended in 500 ~g] 
ml of l~SI-lactoferrin (400 cpm/ng protein) for 40 min at 4°C. Cells 
were then washed and radioactivity bound determined as described in 
Materials and Methods. 
Mean value of  triplicate samples. Deviations never exceeded 20% of 
reported values. 

Discussion 

Successful parasitism by some pathogenic microorganisms is related to the 
uptake of  host substances such as iron. Host iron is usually bound by specific 
molecules such as transferrin and lactoferrin, glycoproteins with high binding 
affinities for iron found in serum or vaginal mucosa, respectively. The acquisition 
of  these host proteins by T. vaginalis through receptor-mediated processes might 
represent mechanisms by which these pathogenic human trichomonads acquire 
iron, and enhance their survival within the host environment. 

In this report the data indicate that T. vaginalis possesses specific receptors for 
human lactoferrin. Each cell possesses ~9 x 10 4 receptors with an apparent Kd 
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estimated to be 1.0 #M (Fig. 3). The  rate of association of the ligand with these 
parasites is equally rapid whether binding takes place at 4°C or 37°C (Fig. 1), 
supporting the idea of receptor-mediated acquisition of this host substance. 
Transferrin, an iron transport protein found in plasma, does not bind to T. 
vaginalis with high affinity (Fig. 2) and fails to compete for the binding of 1251- 
l a b e l e d  lactoferrin to intact trichomonads (Fig. 4). The  ability of  T. vaginalis to 
bind lactoferrin more effectively than plasma-derived transferrin may be a 
significant factor in the non-invasive nature of this parasite. 

Chromatography of a Zwittergent extract of intrinsically or extrinsically la- 
beled T. vaginalis on a lactoferrin-Sepharose affinity matrix resulted in purifica- 
tion of  two tr ichomonad proteins (Fig. 5). Similar results were obtained using a 
different experimental approach involving a radioimmunoprecipitation-type as- 
say system (34). An extract of ~sS-labeled parasite proteins in both experiments 
implicated two polypeptides (178 Kd and 75 Kd) as the putative lactoferrin 
receptors (Figs. 5 and 6). 

The  binding of lactoferrin to T. vaginalis results in intracellular iron accumu- 
lation (Fig. 7). These data did not allow us to discriminate whether iron is 
removed from lactoferrin at the parasite surface or whether lactoferrin is 
internalized before iron uptake. The  release of lactoferrin after binding to the 
tr icbomonad receptor may indicate that the former sequence of events takes 
place allowing for a continuous turnover of exogenous lactoferrin. 

An increase in the activity of pyruvate/ferredoxin oxidoreductase, an intra- 
cellular enzyme important  for electron transport in this facultative anaerobic 
protozoan, resulted from T. vaginalis acquisition of human lactoferrin. These 
results are consistent with the importance of iron-containing proteins to the 
metabolic processes of  T. vaginalis cells (23). These data and a report demon- 
strating the increased virulence of trichomonads following iron injection in mice 
(25) suggest that the tr ichomonad receptors for human lactoferrin contribute to 
the virulence of this parasite. 

These data and previous work (15-17) have made evident the usefulness of 
host protein acquisition by T. vaginalis through processes that represent a clear 
departure from nonspecific coating of the parasite. It is possible that receptors 
binding biologically important host macromolecules such as lactoferrin, lipopro- 
teins, at-antitrypsin, and other host molecules (15-17) contribute to the parasitic 
capabilities of this protozoan. We hope this information and our approaches will 
allow us to better understand the biology of this host-parasite relationship. 

S u m m a r y  
Lactoferrin acquisition and iron uptake by pathogenic Trichomonas vaginalis 

was examined. Saturation binding kinetics were obtained for trichomonads using 
increasing amounts of radioiodinated lactoferrin, while no significant binding by 
transferrin under  similar conditions was achieved. Only unlabeled lactoferrin 
successfully and stoichiometrically competed with 125I-labeled lactoferrin binding. 
Time course studies showed maximal lactoferrin binding by 30 min at 37°C. 
Data suggest no internalization of bound lactoferrin. The  accumulation of 
radioactivity in supernatants after incubation of  T. vaginalis with 125I-labeled 
lactoferrin and washing in PBS suggested the presence of low affinity sites for 
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this host macromolecule. Scatchard analysis indicated the presence of 90,000 
receptors per t r ichomonad with an apparent  Kd of  1.0 #M. Two tr ichomonad 
lactoferrin binding proteins were identified by affinity chromatography and 
immunoprecipitat ion of  receptor-ligand complexes. A 30-fold accumulation of  
iron was achieved using 59Fe-lactoferrin when compared to the steady state 
concentration of  bound lactoferrin. The  activity of  pyruvate/ ferrodoxin oxido- 
reductase, an enzyme involved in trichomonal energy metabolism, increased 
more than sixfold following exposure of  the parasites to lactoferrin, demonstrat- 
ing a biologic response to the receptor-mediated binding of iactoferrin. These 
data suggest that T. vaginalis possesses specific receptors for biologically relevant 
host proteins and that these receptors contribute to the metabolic processes of  
the parasites. 
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