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Trichomonas vaginalis is a sexually transmitted protozoan parasite that undergoes phenotypic variation for
numerous surface proteins. A monoclonal antibody (MAb) was used to isolate an -400-bp cDNA encoding a

fragment of an important phenotypically varying immunogen of T. vaginalis (Mr = 270 kDa; P270). The MAb
completely inhibited the binding of P270 by antibody in sera of patients and by antibody in monospecific
antiserum obtained toward purified P270, indicating that P270 contained only one immunodominant epitope.
Hydrophilicity plot analysis of the deduced amino acid sequence of the recombinant protein predicted the
hexapeptide sequence DREGRD as the antigenic determinant of P270. Synthetic peptides synthesized to this
region demonstrated that the amino acid sequence DREGRD is important for antibody binding. Seven adjacent
amino acids also contributed substantially to maximal recognition of the epitope by the MAb. A single
transcript of -9.5 kb, a size compatible with the reported Mr of the immunogen, hybridized to the cDNA in
Northern blots of total RNA from T. vaginalis. DNA sequence and Southern blot analysis determined the epitope
to be encoded by a 339-bp unit, which was found to be tandemly repeated at least 12 times within the single-copy
gene. This 12-mer unit would only constitute -50% of the protein, yet it is responsible for all of the serum

antibody to the immunogen produced by animals and humans. The epitope sequence was found in all fresh and
long-term-grown organisms examined to date, demonstrating the stability and conservation of this gene.

Trichomonas vaginalis is a flagellated protozoan respon-
sible for the world's most common sexually transmitted
parasitic disease. Trichomoniasis of the vagina is non-self-
limiting and imparts a severe emotional and economic bur-
den on women of all world societies. A major problem with
diagnosis and control of this disease is the dramatic variation
in host symptomatology, ranging from an asymptomatic
carrier state to a severe discomfort state. Host or parasite
factors responsible for this variation in pathogenesis remain
undefined.

Independent investigations have indicated a dramatic vari-
ation in the antigenic structure of T. vaginalis isolated from
patients (12, 19, 20). That the surface disposition of a
repertoire of high-molecular-weight, prominent immunogens
may be responsible for some of this antigenic diversity is
now appreciated (1, 5, 6). A monoclonal antibody (MAb)
reactive with one immunogen having a Mr of -270 kDa
(P270) demonstrated the existence of two isolate types; some
isolates consist of a homogeneous population of parasites
that synthesize but lack P270 on their surface (type I). Other
isolates (type II) comprise a heterogeneous population of
organisms with regard to surface expression of the P270
immunogen (5), and fluorescence-activated cell sorting
showed for the first time the ability of these trichomonads to
undergo phenotypic variation for surface expression of im-
munogens (3). More recent data indicate that the phenotyp-
ically varying isolates predominate in vivo, a finding that
suggests that the property of phenotypic variation for P270 is
an excellent molecular marker for the possibly more virulent
isolates. The P270 immunogen elicits the highest levels of
antibody in experimentally infected animals (5), and most, if
not all, patients make antibody to this molecule (1). The
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significance of the highly immunogenic and phenotypically
varying nature of P270 and its role in the host-parasite
biology are unknown and require clarification for any future
hope of controlling this major pathogen.
Of special significance to this investigation was a recent

finding that only a single epitope on P270 was accessible to
antibody binding on live parasites (unpublished observa-
tions). These data initiated our interest in the molecular
biology of the immunodominant epitope of this important
immunogen of T. vaginalis.

MATERIALS AND METHODS

Microorganisms. T. vaginalis NYH 286 undergoes pheno-
typic variation for surface expression of immunogens (1, 3).
Trichomonads were cultured in Trypticase-yeast extract-
maltose medium supplemented with 10% heat-inactivated
horse serum (8). Nucleic acid and antigen analyses were
performed on organisms grown for 20 h (17).

Escherichia coli strains TB1, HB101, and Y1090 were
cultured in Luria-Bertani broth with ampicillin (100 ,ug/ml)
added as needed (14).

Nucleic acid isolation from T. vaginalis. DNA from tricho-
monads lysed with 4 M guanidinium thiocyanate was banded
on CsCl gradients (21). DNA fractions were collected,
diluted twofold with TE buffer (10 mM Tris-HCl, 1 mM
EDTA [pH 8.0]), extracted with chloroform, and precip-
itated by ethanol (14). For RNA, trichomonads were lysed in
4 M guanidinium thiocyanate, and the RNA was collected by
ultracentrifugation through a 5.7 M CsCl cushion prepared in
0.1 M EDTA (7). The poly(A)+ RNA (mRNA) was purified
from total cellular RNA by chromatography through poly(U)
Sephadex G-10 (GIBCO BRL, Gaithersburg, Md.) as de-
scribed by the manufacturer. This purified mRNA contained
no rRNA by electrophoresis analysis on agarose gels (14).
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Electrophoresis and hybridizations. Southern blot analysis
was performed on samples electrophoresed on 1% agarose
gels in 40 mM Tris-acetate buffer (14), and the DNA was
transferred to a Zeta-probe membrane (Bio-Rad Laborato-
ries, Richmond, Calif.). Hybridizations with nick-translated
cDNA (14) were performed at 42°C in 50% formamide
containing 5x SSC (lx SSC is 0.15 M NaCl plus 0.015 M
sodium citrate), 2.5x Denhardt's solution, 0.1% sodium
dodecyl sulfate (SDS), and 1 mM EDTA (14). The filters
were then washed at 600C with 2x SSC-0.1% SDS and then
washed in 0.1x SSC-0.1% SDS at 60°C.
RNA was electrophoresed on 1% agarose-2.2 M formal-

dehyde gels (14) and transferred to a Zeta-probe membrane
in 40 mM NaOH as recommended by the manufacturer
(Bio-Rad). Hybridization of the filter was as described
above.

Synthesis and cloning of a cDNA encoding the P270 epitope.
Double-stranded cDNA was prepared from 2 jig of tricho-
monad mRNA by the RNase H method (cDNA Synthesis
Kit; Boehringer-Mannheim, Indianapolis, Ind.) by the man-
ufacturer's instructions. After the fill-in reaction, EcoRI
linkers were added for Xgtll-cloning. The cDNA was then
ligated into the bacteriophage vector Agtll, packaged by
using the Gigapack Gold packaging extracts (Stratagene, San
Diego, Calif.), and plated on E. coli Y1090 cells (14).
By using standard procedures, a recombinant plaque was

isolated following immunodetection with MAb C20A3,
which is specific for the phenotypically varying P270 immu-
nogen (1, 3). The cDNA insert was purified from an EcoRI
digest of the bacteriophage DNA and subcloned into the
EcoRI site ofpUC19. Recombinant plasmids were recovered
following transformation of E. coli TB1 (14).

Expression of the recombinant cDNA molecule in E. coli. To
facilitate an accurate determination of the size of the protein
encoded by the cDNA, the insert was subcloned into the
plasmid expression vector pINI-C2 (15). Recombinant plas-
mids were transformed into E. coli strain HB101, and
colonies were screened with MAb C20A3 for expression of
the recombinant protein. An immunoreactive clone was
isolated and inoculated into 5 ml of Luria-Bertani broth
containing 100 ,ug of ampicillin per ml. Total protein lysates
were prepared by resuspending the cells harvested from 1 ml
of the broth culture in 100 ,ul of SDS-polyacrylamide gel
electrophoresis (PAGE) sample buffer (5). Aliquots were
then subjected to electrophoresis and immunoblot analysis
with MAb C20A3.

Purification of antibody from recombinant protein. Anti-
body bound to recombinant bacteriophage plaques was
eluted with a solution of 0.2 M glycine (pH 2.8)-0.2 M
NaCl-0.1% bovine serum albumin. The eluted antibody
solution was neutralized with 1 M Tris-HCl and dialyzed
against phosphate-buffered saline.
SDS-PAGE and immunoblot analysis. Procedures for SDS-

PAGE and immunoblot of T. vaginalis proteins have been
described previously (5, 6).

Sequence analysis of the cDNA. The cDNA insert in pUC19
was sequenced by the double-stranded DNA sequencing
technique (T7 Sequencing Kit; Pharmacia, Piscataway, N.J.)
with the sequencing and reverse sequencing primers (Boehr-
inger-Mannheim). The Agtll sequencing primers (Boehr-
inger-Mannheim) were used to confirm the orientation and
open reading frame of the DNA insert in the recombinant
bacteriophage. The reaction products were visualized by
electrophoresis on 6% polyacrylamide sequencing gels and
autoradiography (14). The sequence was analyzed with the
PC/GENE analysis software (IntelliGenetics, Inc., Moun-
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FIG. 1. Identification of the cDNA insert and the recombinant
protein encoding the C20A3-reactive epitope. (A) Bacteriophage
DNA purified from an immunoreactive plaque was digested com-
pletely with EcoRI, and a single insert of -400 bp was observed
after electrophoresis on a 0.8% agarose gel (lane 1, arrow). Identi-
cally treated DNA from a duplicate preparation of the same amount
of the original bacteriophage vector did not contain the fragment
(lane 2). The molecular-weight markers are HindIll-digested lambda
DNA. (B) A recombinant protein containing the C20A3-reactive
epitope was expressed from the cDNA insert subcloned into the
plasmid pINI-C2. Blots of total cell lysates of the recombinant E.
coli separated on a 12.5% SDS-polyacrylamide gel identified a
protein of -14.3 kDa when probed with MAb C20A3 (lane 3). There
was no recognition of a protein of this size in control cell lysates of
E. coli HB101 harboring the plasmid without an insert (lane 2). Lane
1 contains trichloroacetic acid-precipitated proteins of T. vaginalis
NYH 286, demonstrating the reactivity of the MAb with P270.

tain View, Calif.). Both strands of the cDNA molecule were
completely sequenced at least three times.

Nucleotide sequence accession numbers. The nucleotide
sequence data have been assigned GenBank accession num-
bers M62853 (Fig. 3) and M62854 (Fig. 6).

RESULTS

Isolation of a cDNA encoding the C20A3 MAb-reactive
epitope of P270. A high-titered Agtll cDNA library (_106
PFU) was screened with MAb to P270 (5). An immunoreac-
tive plaque was isolated, and insert analysis of the bacterio-
phage DNA revealed the presence of a single insert of -400
bp (Fig. 1A).
The coding capacity of the cDNA insert was determined

by subcloning the DNA into the plasmid expression vector
pINI-C2 (15). An immunoreactive colony was detected by a
colony-probing enzyme immunoassay, and the recombinant
protein was identified by immunoblot analysis following
separation on SDS-polyacrylamide gels (Fig. 1B). E. coli
HB101 harboring the recombinant plasmid expressed a
unique MAb-reactive protein of -14.3 kDa (lane 3), which
was absent from identically prepared samples of E. coli
HB101 transformed with the vector alone as a control (lane
2).

Demonstration that the C20A3 MAb is to a single epitope on
the P270 immunogen. To further confirm that the cDNA
encoded a key epitope of the P270 immunogen, preparative
plaques of the bacteriophage clone expressing the recombi-
nant protein were first treated with monospecific anti-P270
serum. Antibody was eluted from the preparative plaques,
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EcoRI
1 gaa tc GGAT MC GTT AGA AGT AAA GGA GTC ACA TTA CGC GCA GCA CM CAA
1 D N V R S K G V T L R A A Q Q

55 CCA CCA TCC ATT AGC GAT TTT ACA ATA GAA GGT GGC ACA GAA CTG ACA ATT
17 _ P P S I S D F T I E G G T E L T I

109 GGT AAT ACA TAT CCA ATC ACT ATC ACA CTT TCG CCA TCA TCA GAT TTA GCA GAT
35 G N T Y P I T I T L S P S S D L A D

163 TGC TTE TAT GCT TTC GAC ACA GAA ACT CAG CAT ACA TTC CCA GGT GAT GCT GCC
53 C F Y A F D T E T Q H T F P G D A A

217 AGT AAA AGC CAG TGC ACA GAA CTA TTG GGT MC TCT GAT AAA ACA GAG TAT ACA
71 S K S Q C T E L L G N S D K T E Y T

HindIII
271 GCC AAA TTA CAMGCTTJCC GGT TCT GCA GGC ACT TTC MT CTE TTC ATC CAA GCT
89 A K L Q A S G S A G S F N L F I Q V

FIG. 2. Demonstration that the recombinant bacteriophage clone
encodes the single immunodominant epitope of P270. (A) Confirma-
tion that the recombinant protein encoded an epitope of P270 was

obtained by immunoblot analysis of the autodegraded immunogen as

described previously (4). Identical patterns of reactivity were noted
on blots treated with MAb C20A3 (lane 1) and monospecific,
polyclonal rabbit antibody eluted from preparative phage plaques
(lane 3). Preincubation of the blot with MAb totally competed with
the binding of eluted rabbit antibody (lane 2). Blots were developed
with alkaline phosphatase-conjugated goat anti-mouse (lane 1) or

anti-rabbit (lanes 2 and 3) antibody. (B) The binding of antibody in
pooled sera from patients (5) to the autodigested P270 (4) is shown
in lane 1. Treatment of blots with either MAb (lane 2) or eluted
rabbit antibody (lane 3) prior to incubation with the pooled patient
sera as a source of anti-P270 antibodies totally inhibited binding of
human serum antibody to autodegraded P270. An alkaline phos-
phatase-conjugated anti-human antibody was used as the probe to
measure human antibody recognition of the blotted immunogen.

and this affinity-purified antibody was used in immunoblot
analysis of trichomonad proteins.
A recent publication demonstrated that P270 was autode-

graded by cysteine proteinases present in a trichomonal
detergent extract (4). The autodegradation of the parent P270
molecule resulted in a ladder pattern with a periodicity of
-11 kDa on immunoblots as detected by the C20A3 MAb,
which was distinctive for this protein (4). The rabbit anti-
body purified from preparative phage plaques gave patterns
of reactivity on immunoblots of the autodegraded immuno-
gen identical to those of the MAb (Fig. 2A, lanes 1 and 3) (4).
Control antibody prepared from similarly treated plaques of
the bacteriophage vector lacking a cDNA insert failed to
recognize P270, reaffirming that the cDNA encoded a por-
tion of the P270 immunogen.
Much to our surprise, however, the purified rabbit anti-

body derived from the monospecific serum only recognized
a single epitope of P270, as demonstrated by a competition
immunoblot experiment. Preincubation of the immunoblot
with only the C20A3 MAb totally inhibited the binding by the
eluted rabbit antibody to P270 (Fig. 2A, lane 2). This
abolishment of recognition by eluted rabbit antibody of the
parent P270 molecule by MAb suggested that the recombi-
nant protein, Mr - 14 kDa, encoded the single epitope of
P270.

Similar blocking was also observed by the MAb and the
rabbit antibody from the phage plaques of recognition of
P270 by anti-P270 antibody present in sera of patients with
trichomoniasis (Fig. 2B). Lane 1 shows the characteristic
multiple-band pattern obtained on immunoblots of the auto-
degraded immunogen with the patient antibody. Treatment

325 GTE CAT AA GCA GGT GAT MC GTE ACA AGT MA WCA GTC ACA TEA CCC GCA
107 V D RE G N V R S K G V T L R A

EcoRI
379 GCA CM CAA gaa ttc
125 A Q Q GJ

FIG. 3. Sequence and open reading frame of the cDNA encoding
the immunodominant epitope of the P270 immunogen. Direct re-
peats of 49 nucleotides (bracketed region) encoding 17 amino acids
flanked this cDNA sequence. Single letters representing the amino
acids are listed below each codon. Nucleotides and amino acids are
numbered at the left, with the first amino acid being the arginine (R)
residue immediately following the EcoRI linker. A Hindlll restric-
tion endonuclease site is present at nucleotide 281 (single underline).
The amino acid sequence DREGRD (double underline) was pre-
dicted as having the greatest probability of forming an antigenic
determinant (10).

of blots with either MAb (lane 2) or eluted rabbit antibody
(lane 3) resulted in abolishment of patient antibody binding
to P270. Identical inhibition results of binding of monospe-
cific antiserum to the parental P270 molecule were obtained
with MAb or eluted antibody (data not shown). This shows
that antibody in sera of patients is directed toward the single
epitope of the recombinant protein and further reinforces the
idea that the P270 molecule itself has only one immunodom-
inant epitope. Control serum or antibody preparations from
the bacteriophage vector or MAb to an unrelated surface
immunogen of T. vaginalis (but of the same isotype) (1) did
not interfere with patient antibody recognition of P270.

Identification of a repeated sequence element in the cDNA.
The cDNA insert was sequenced, and the open reading
frame encoding the recombinant protein was determined
(Fig. 3). The correct open reading frame was confirmed by
sequencing the cDNA insert in the recombinant bacterio-
phage clone. The cDNA codes for a protein of 14,218
molecular weight, consistent with that obtained from SDS-
PAGE of the recombinant E. coli lysate (Fig. 1B). Analysis
of the DNA sequence revealed the presence of a 49-bp direct
repeat within the cDNA molecule (bases 8 through 56 on the
5' side and 341 through 389 on the 3' side), resulting in the
reiteration of 17 amino acids in the recombinant protein. It is
important that the first and last 7 bp of the cDNA sequence
are derived from the EcoRI linkers used in the construction
of the library. It was fortuitous that the juncture of the linker
DNA with the cDNA resulted in the retention of the correct
amino acids at positions 1 and 128 (Fig. 3).

Demonstration of the epitope sequence recognized by MAb
C20A3. The algorithm of Hopp and Woods (10) identified the
six-amino acid sequence DREGRD (Fig. 3, double under-
line) as the MAb-binding site on the basis of its hydrophilic-
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FIG. 4. Demonstration of the antigenic determinant recognized
by the MAb. The hydrophilicity plot of the carboxy-terminal region
of the recombinant protein is shown with the corresponding single
letter representing the amino acid. The peptide containing the
putative epitope sequence is designated as 1, while other synthetic
peptides with altered 5' and 3' ends of the peptide 1 sequence are
designated as peptides 1-1 and 1-2, respectively. Synthetic peptides
corresponding to the indicated sequences were purchased (Multiple
Peptide Systems, San Diego, Calif.). A Bio-Dot apparatus (Bio-Rad
Laboratories) was used to apply 400 jig of each peptide onto
nitrocellulose, and the blot was treated with MAb by standard
immunoblot procedures. The reactivity of the MAb with the peptides
is displayed above the corresponding hydrophilic region on the graph.

ity and probability of forming an antigenic determinant (Fig.
4). The seven amino acids immediately downstream of the
DREGRD sequence also contributed significantly to the
hydrophilicity of this region. Therefore, a 14-amino acid
synthetic peptide containing the DREGRD core sequence
plus one amino acid upstream and the seven amino acids
downstream was synthesized. This peptide was shown by
dot blot analysis to strongly bind the C20A3 MAb (Fig. 4,
peptide labeled 1). It is noteworthy that a control peptide
synthesized to an unrelated hydrophilic region of the recom-
binant protein (amino acids 80 through 93, peptide 2) failed
to bind the MAb under the same conditions. Importantly,
and as expected, a peptide specifically altered within the
DREGRD sequence (peptide 1-1) and another containing
DREGRD but with the seven adjacent amino acids scram-
bled (peptide 1-2) demonstrated an almost total absence of
MAb binding, indicating that although the DREGRD se-
quence may be the most important, all of the amino acids
constituting this entire hydrophilic region of the protein are
needed for optimal antibody recognition. Site-directed mu-
tagenesis will be employed in future experiments to defini-
tively map the specific amino acids involved in antibody
binding.
Genomic organization and expression of the gene encoding

P270. Northern (RNA) and Southern blot analysis were used
to investigate the genetic structure of the P270 gene. A single
transcript of -9.5 kb, consistent with the size needed to
code for P270, was detected by the cDNA in RNA from the
phenotypically varying isolate NYH 286 (Fig. SA). Southern
blots of trichomonad DNA digested with several restriction
endonucleases that do not cleave the cDNA sequence, such
as EcoRI and Sacl (Fig. 3), resulted in the hybridization of a
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FIG. 5. Characterization of the gene encoding the P270 immuno-
gen. (A) A single transcript complementary to the cDNA probe was
detected by Northern blot analysis of 10 ,ug of total RNA from T.
vaginalis. (B) Southern blot analysis of restriction endonuclease
digests of the trichomonal DNA suggest that the gene is single copy.
Approximately 5 ,ug of DNA was digested with EcoRI (E), HindIIl
(H), or Sacl (S), electrophoresed on 1% agarose gels, and blotted to
Zeta-probe membranes. Hybridization was performed with the
nick-translated cDNA probe. (C) The tandemly repeated nature of
the epitope sequence was demonstrated following limited digestion
of trichomonad DNA with HindIll prior to hybridization with the
cDNA probe. The DNA (5 ,ug) was restricted with 2 U of HindII for
increasing periods of time, electrophoresed on 1% agarose, and
analyzed by Southern blotting. HindIII was selected because the
sequence recognized by this endonuclease is located in between the
repeated segments of the cDNA (Fig. 3), and only a single band was
hybridized by the cDNA in Southern blots of complete digests of the
trichomonad DNA (panel B).

single band, suggesting the presence of only a single copy of
the gene in the parasite genome (Fig. SB).

Finally, hybridization ofHindIII digests ofgenomic tricho-
monad DNA probed with the cDNA gave a single band of
-330 bp. This was surprising, since two bands were ex-
pected because of the HindlIl site at position 281 in the
cDNA (Fig. 3). Because the cDNA contains directly re-
peated sequences at the 5' and 3' termini (Fig. 3), we
hypothesized that the genomic DNA was tandemly repeated.
Indeed, a ladder pattern of recognition of DNA bands
differing by -330 bp was observed in a Southern blot
analysis of partially HindIII-digested trichomonad DNA,
demonstrating that the DNA sequence encoding the epitope
was tandemly repeated at least 12 times (Fig. SC). Therefore,
a HindIII monomer of the repeated sequence was cloned,
and the protein encoded by this region was derived from the
DNA sequence (Fig. 6, uppercase letters). The sequence
data matched those obtained earlier (Fig. 3), and the repeat
element was 339 bp, encoding 112 amino acids for a protein
of 11,700 molecular weight. To more clearly demonstrate the
repetitive nature of this element, we have included upstream
and downstream sequences of the HindlIl monomer (Fig. 6,
lowercase letters). Sequence data of a recently obtained
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cag tgc aca gaa cta ttg ggt aac tct gat aaa aca gag tat aca gcc aaa tta

q c t e 1 g n s d k t e y t a k 1

HindIII
1 cAA GCT TCC GGT TCT GCA GGC AGT TTC AAT CTT TTC ATC CAA GTT CTT GAT AGA
1 q A S C S A G S F N L F I Q V V D

54 GC CCT CAT AC GTT AGA AGT AM GGA CTC ACA TTA CGC GCA GCA CM CM
18 N V R S K G V T L R A A Q Q

108 ! CCA CCA TCC ATT AGC GAT TTT ACA ATA GM GGT GGC ACA GM CTG ACA ATT
36 P P S I S D F T I E G G T E L T I

162 GGT MT ACA TAT CCA ATC ACT ATC ACA CTT TCG CCA TCA TCA GAT TTA GCA GAT
54 G N T Y P I T I T L S P S S D L A D

216 TGC TTT TAT GCT TTC GAC ACA GAA ACT CAG CAT ACA TTC CCA GCT GAT GCT GCC
72 C F Y A F D T E T Q H T F P G D A A

270 AGT AM AGC CAG TGC ACA GM CTA TTG GGT MC TCT GAT AAA ACA GAG TAT ACA
89 S K S Q C T E L L G N S D K T E Y T

HindIII
324 GCC AM TTA CAA GCT Tcc ggt tct gca ggc agt ttc aat ctt ttc atc caa gtt

108 A K L Q A s g s a g s f n 1 f i q v

gtt gat aga gaa gUt agg gat aac gtt
v d r e a r d n v

FIG. 6. Sequence of a HindIll monomer of genomic DNA reac-

tive with the cDNA probe (uppercase letters). The open reading
frame of this fragment was deduced from the sequence data in Fig.
2. The single letters representing the amino acids are listed below
each codon. The epitope sequence DREGRD is doubly underlined,
and the brackets show the 49 nucleotides that were repeated in the
sequence data of Fig. 3. Lowercase letters denote sequences imme-
diately upstream and downstream of this gene segment. Confirma-
tion that this 339-bp region is tandemly repeated in the gene for P270
was obtained by sequencing a larger (1.1 kb) cDNA encoding the
MAb-binding epitope (data not shown), some of which is shown in
lowercase letters.

cDNA insert of -1.1 kb, containing tandemly repeated
elements (data not shown), reaffirm the data presented in
Fig. 6.

DISCUSSION

Our data demonstrate the epitope immunodominance of
the amino acid sequence DREGRD and of neighboring
amino acids recognized by a MAb. These results confirm
earlier protein autodegradation data (4), which suggested a
tandemly repeated determinant on the protein. The highly
immunogenic nature of this protein could serve to aid the
parasite in diverting and evading the immune system. It has
been shown that surface proteins containing repetitive
epitopes (11) may influence the host antibody response,
resulting in interference with or subversion of the immune
response to other important molecules. Since all patients
appear to produce antibody to P270 (1), the property of
phenotypic variation for surface disposition of P270 (1, 3)
ensures parasite survival, even in the presence of a cytolytic
antibody response (2).

Previous work suggested a repeated structure in P270 with
an equidistant cleavage pattern that had a periodicity of -11
kDa (4), which was consistent with the 11,700 molecular
weight of the protein encoded by the repeat element (Fig. 6).
The similarity in the periodicity of the proteinase cleavage
and the size of the repeat element indicated that the auto-
degradation pattern of P270 resulted from proteinase diges-
tion within the repeated sequence. Previously published data
have already documented that the trichomonad cysteine
proteinases are responsible for the autodegradation of P270

(4). Very little is known about the substrate specificity of
cysteine proteinases other than a preference for arginine in
the P1 or P2 position (16). The repeated amino acid sequence
contains four arginine residues clustered around the epitope
sequence. It is intriguing and noteworthy that partial diges-
tion of P270 at these residues would result in protein
fragments differing by 11,700 Da (Fig. 2), consistent with the
ladder pattern periodicity reported earlier (4). Furthermore,
it is significant that complete digestion of P270, if cleavage
occurs at the arginine residues, would degrade all DREGRD
epitopes, finally explaining the lack of accumulation of any
small immunoreactive peptides in autodegradation experi-
ments of the earlier report (4). These investigations of the
repeat element and its amino acid sequence might ultimately
define substrate specificity of the poorly understood and
uncharacterized trichomonad cysteine proteinases (16).
We now describe the highly immunogenic nature of the

single repetitive DREGRD epitope of the P270 immunogen
of T. vaginalis. The immunodominance of the repeat se-
quence is similar to that described for the tandemly repeated
peptide of the circumsporozoite protein of Plasmodium
knowlesi, which is responsible for -95% of the antibody
response (22). However, an interesting feature of the repeat
element of P270 ofT. vaginalis was the identical number and
size of this repeat among numerous trichomonal isolates (1,
3, 5, 6). The stability of this gene and the conservation of the
DREGRD epitope sequence were further illustrated by anal-
ysis of isolates cultured in vitro for >10 years (3, 8, 17). This
lack of molecular divergence may be indicative of some
important biological function for this molecule, apart from
the suggested immunological function. Proteins containing
tandemly repeated segments have been widely described for
the parasitic protozoa, including the insect stages of trypano-
somes (9, 13, 18, 22). Since the immune status of an insect is
dramatically different from that of a human, these tandemly
repeated regions must serve functions in addition to contrib-
uting to the overall immune evasion by the parasite. A recent
report identified tandemly repeated sequences in a microtu-
ble-associated protein of Trypanosoma brucei (18), indicat-
ing that the P270 proteins may also mediate important
biofunctional roles in trichomonads. Further experimenta-
tion into the molecular biochemistry of the P270 immunogen
and its tandemly repeated epitope will likely provide an-
swers to important questions involving not only its specific
role in the biology of T. vaginalis but also the regulation of
phenotypic variation for this and other members of the
immunogen repertoire (6).
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