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Abstract

An immunodominant 72-kDa surface glycoprotein (Gp72) of Trypanosoma cruzi is involved in adhesion of the
flagellum to the cell body (Cooper, R, Ribeiro de Jesus, A and Cross, G.A.M (1993) J. Cell Biol. 122, 149-156). We
have characterized a gene, flagellum-adhesion glycoprotein genel (fal), from Trypanosoma brucei that encodes a 546
amino-acid protein (Flal) with high similarity to Gp72. Their sequence similarity and cellular localization suggest that
Flal and Gp72 have similar functions. We could disrupt individual flal alleles but not both, suggesting that fla! is
essential in 7. brucei, in contrast to the situation for gp72 in T. cruzi. Using affinity-purified polyclonal antibody,
raised against part of the amino-terminal domain of Flal expressed in Escherichia coli, we showed that Flal is
concentrated along the flagellum and in the flagellar pocket in both bloodstream-form and procyclic trypanosomes.
Flal from both life-cycle stages is N-glycosylated. Flal from bloodstream-form 7. brucei contains additional glycans,
which can be liberated by treatment with mild acid, suggestive of phosphodiester linkages.
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1. Introduction

Trypanosoma cruzi expresses an immunodomi-
nant 72-kDa glycoprotein (Gp72) [1,2], predomi-
nantly observed along the flagellum of
epimastigote and metacyclic trypomastigote forms
[3]. Deletion of both copies of gp72 caused de-
tachment of the flagellum from the cell body, after
its emergence from the flagellar pocket, resulting
in impaired mobility of the parasites [4]. The null
mutant was severely impaired in its ability to
survive in the insect host, Triatoma infestans [3].
Therefore, Gp72 appears to be essential for physi-
cal movement and natural transmission of T.
cruzi. However, mechanistic details of structures
of the glycoprotein and its conservation among
the Kinetoplastidae is not known. Qur previous
attempts to identify a gene homologue in T. bru-
cei, by DNA hybridization, were unsuccessful.

Plasmid T410, containing approximately 1.8
kbp of the 3’ portion of a T. rhodesiense cDNA,
encoding a protein that showed significant simi-
larity to T. cruzi Gp72, was identified while se-
quencing clones randomly selected from a cDNA
library [5] and was kindly provided to us by
N.M.A. El-Sayed and J.E. Donelson (University
of Iowa). We have cloned and characterized the
gene from which T410 was derived, which we
name flal, and its encoded protein, Flal. Thus we
confirmed that 7. brucei expresses a homologue of
Gp72. We show that the glycoprotein is concen-
trated along the flagellum and provide evidence
that it may contain carbohydrates O-linked to the
polypeptide via phosphodiester bonds and that,
while the protein is expressed in both mammalian
and insect infective stages, O-glycosylation is de-
velopmentally regulated.

2. Materials and methods
2.1. Parasites

Culture-adapted procyclic forms of T. brucei
strain 427 were grown at 27°C, in SDM-79
medium [6] supplemented with 10% fetal-calf
serum (FCS) and 7.5 ug/ml hemin, at a density of
5x 10°-1 x 107 cells/ml. Bloodstream forms of

the Molteno Institute Trypanozoon antigenic type
1.2 (MITat 1.2) clone 221a of T. brucei strain 427
were grown in rats or adapted to grow in liquid
culture at 37°C, using HMI-9 medium as de-
scribed [7]. Bloodstream-form cultures were main-
tained at a density of 5 x 10°-1 x 10° cells/ml.
Epimastigote forms of T. cruzi Yy strain [8]
were grown in liver infusion tryptose medium [9]
plus FCS at 26°C, as described previously [10].

2.2. DNA and RNA analyses

Trypanosome total DNA, total RNA and plas-
mid DNA, were isolated and purified as described
previously [11-13]. Polyadenylated RNA was iso-
lated with QuickPrep micro mRNA purification
kit (Pharmacia Biotech, Piscataway, NJ). Agarose
gel electrophoresis, nucleic acid transfer and hy-
bridization, were performed by standard methods
[4,11]. DNA and RNA hybridizations were quan-
titated using a Phosphorimager (Molecular Dy-
namics, Sunnyvale, CA). Plasmid clone pBT100
[P. Hevezi and G. A. M. Cross, unpublished]
containing a HindIII fragment of T. brucei «- and
JB-tubulin gene repeats, was used to produce a
tubulin probe.

2.3. Cloning and characterization of the flal gene

On the basis of preliminary Southern hybridiza-
tion experiments (see Section 3), 20 ug of total
procyclic-form genomic DNA was digested with
BamHI and electrophoresed in a 0.7% agarose
gel. Gel slices containing DNA fragments of 4-10
kbp DNA were excised and DNA was purified
with a Geneclean kit (Bio 101, Vista, CA). The
size-selected DNA was ligated to BamHI-digested
and dephosphorylated pBluescript II SK + (pBS,
Stratagene, La Jolla, CA). The ligated products
were transfected into the E. coli strain DHS5a.
Approximately 10000 E. coli colonies were trans-
ferred to nylon membranes, hybridized with the
1.8-kbp insert of plasmid T410, and washed under
high stringency (65°C, 0.1 x SSC, 0.1% sodium
dodeycl sulfate (SDS)) [11]. A region containing
the flal open reading frame (ORF), in one (pfla)
of several positive clones, was sequenced at least
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twice on each strand, using subclones and syn-
thetic oligonucleotides, on a DNA Stretch-Se-
quencer Model 373 (Perkin Elmer/Applied
Biosystems, Norwalk, CT) by the Rockefeller
University DNA/Protein Technology Center, us-
ing standard M13-reverse and T7 primers. The
DNA sequence was assembled and analyzed us-
ing Lasergene software (DNASTAR, Madison,
WI) on a Macintosh computer.

.2.4. Replacement of flal by drug-resistance. genes

Upstream and downstream flanking regions of
the flal coding sequence and plasmid sequence
were PCR-amplified as a single fragment from a
plasmid (pflaBBg) containing a 4.8-kbp
BamH]1-Bgl1l fragment from pfla (including the
1.7-kbp flal coding region, the 2.2-kbp upstream
and and 0.9-kbp downstream flanking regions),
using ‘outward facing’ 5- and 3'-primers corre-
sponding to nucleotides (nt) —1 to — 15, up-
stream of the translation initiation codon and a
20 nt sequence approximately 260 bp down-
stream of translation-termination codon, using
the LA PCR kit (Takara Shuzo) under the man-
ufacturer’s recommended conditions. The PCR
fragment was end-trimmed and phosphatase-
treated. The TnS neomycin phosphotransferase
gene (neo) was obtained from p72neo72 [4] by
digesting the plasmid with HindIIl and PAMI.
A hygromycin phosphotransferase gene (hyg)
was obtained from p72hyg72 [4] by digesting the
plasmid with HindIll and BamHI. The frag-
ments containing neo and hyg were end-filled
and ligated to the PCR fragment to obtain
knockout constructs, pKON and pKOH, respec-
tively. Transfections were performed using a
BTX ECM 600 electroporator (BTX, San
Diego, CA) described previously [14,15]. Ap-
proximately 3 x 107 procyclic or bloodstream-
form trypanosomes were suspended in ZFM or
ZFMG medium, respectively, and electroporated
with 10 ug of pKON or pKOH that had been
digested with BamHI plus Xhol or BssHII, re-
spectively. G418 or hygromycin were added to
the bloodstream or procyclic form cultures at 1
or 10 mg/ml, respectively, 24 h after electropo-
ration.

2.5. Production of Flal antiserum

A plasmid to produce histidine-tagged Flal
fusion protein was created by cloning part of
flal into pET15b (Novagen, Madison, WI). A
region of flal, encoding amino acids 81-312,
was amplified by polymerase chain reaction
(PCR) using oligonucleotide primers, 5'-ctggatc-
catgtgatgttggaggtget-3' and 5'-ctggatcctaaaccagt-
gagacaatcg-3', where italicized letters underlined
represent BamHI sites used for cloning and un-
derlining indicates an introduced termination
codon. The PCR-amplified fragment was end-
trimmed, cloned into Hincll-digested pBS, and
cut out with BamHI. The 0.7-kb BamHI frag-
ment was cloned into BamHI-digested pET15b
to produce pHfla, which was transfected into E.
coli strain BL21 (F~ompTry_mj_). The his-
tidine-tagged protein was produced by incubat-
ing logarithmic cultures of the transformed E.
coli in Luria-Bertani medium containing 1 mM
isopropyl-f -D-thiogalactopyranoside at 37°C for
3 h. Cells were disrupted by sonication in 50
mM Tris—HCl, pH 8.0, 0.2 mM ethylenedi-
aminetetraacetate (EDTA) containing 100 ug/ml
lysozyme and 0.1% Triton X-100. Inclusion bod-
ies were collected by centrifuging the lysate at
10000 x g for 10 min. The pellet was dissolved
in 6 M urea and the histidine-tagged protein
was purified with nickel resin columns under de-
natured condition, as suggested by the vendor
(Novagen), then separated on an SDS-polyacry-
lamide gel. Two rats were immunized by intra-
peritoneal injection of the homogenized
polyacrylamide gel slices containing approxi-
mately 100 ug of the purified protein. The same
amount of the protein was injected 4, 6, and 10
weeks after the first immunization. Antiserum
was prepared 1 week after the final booster. Ap-
proximately 50 ug of the histidine-tagged Flal
was applied to a nitrocellulose membrane, air-
dried and blocked in phosphate-buffered saline
(PBS) pH 7.2 containing 0.05% Tween 20 (PBST),
supplemented with 5% non-fat dry milk. The
membrane was incubated with the antiserum di-
luted with PBST for 4 h, followed by washing
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with PBST twice for 5 min. The anti-Flal-spe-
cific antibody was eluted with 500 ul of 0.1M
glycine pH 2.5, 0.15 mM NaCl, containing
0.05% Tween 20, and neutralized with 0.1 vol.
of 1 M Tris—HCI pH 8.0.

2.6. Protein analysis

In different experiments, trypanosomes were
lysed either by osmotic shock, or by three cycles
of freezing and thawing, or by treating with 50
mM Tris-HCl, pH 7.4 containing 0.2 mM
EDTA and 3% n-Octylglucoside, or by boiling
in 0.5% (SDS) with 1% g mercaptoethanol in
the presence of 40 uM leupeptin, 10 M pep-
statin, 0.2 mM phenylmethanesulfonyl fluoride
and 1 mM EDTA. Lysates were centrifuged at
10000 x g for 10 min to separate soluble and
insoluble fractions. Portions of the parasite
lysates were treated with peptide N-glycosidase
F (PNGaseF) or neuraminidase, under condi-
tions recommended by the vendor (New Eng-
land Biolabs, Beverley, MA), or treated with 40
mM trifluoroacetic acid (TFA) at 100°C for 12
min [16]. SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and western blot analysis were
performed as described [11]. After protein trans-
fer, membranes were incubated sequentially in
PBS containing 5% non-fat dry milk (PBSM)
for 30 min, in PBSM containing the 100—1000-
fold diluted anti-serum for 1 h, and in PBSM
containing the 5000-fold diluted anti-rat IgG
goat serum alkaline phosphatase-conjugate
(Sigma) for 1 h. All incubations were carried
out at room temperature.

2.7. Indirect immunofluorescence assay

Trypanosomes were washed with PBS and
spread on polylysine-coated slides. The parasites
were then fixed in 50 mM sodium borate pH 8
containing 3.7% paraformaldehyde for 20 min
and permeabilized with PBS containing 0.1%
Triton X-100 for 5 min. The slides were incu-
bated with the 200-1000-fold diluted affinity-
purified anti-Flal antibody in PBS containing
10% FCS for 1 h at room temperature and 20—

30-fold diluted anti-rat IgG rhodamine-conjugate
for 1 h. Finally, the slides were incubated with
PBS containing 5 ug/ml Hoechst 33258 for 2
min, mounted and examined under Nikon Op-
tiphot microscope equipped with appropriate
dichromatic filters and photographed.

3. Results

3.1. Cloning of T. brucei flal

When Southern blots of BamHl1-digested T.
brucei DNA were hybridized with the 1.8-kbp
insert from plasmid T410, encoding part of a T.
rhodesiense protein showing significant similarity
to T. cruzi Gp72 [5], bands of 4.8- and 8.0-kbp
gave strong signals at high stringency. The insert
was used to hybridize a size-selected BamH]1 ge-
nomic library from T. brucei, as described in
Section 2. Approximately 10000 recombinant
plasmid colonies were screened and seven posi-
tive clones were obtained after the second
screening. Two and five plasmid clones con-
tained 8.0- and 4.8-kbp BamHI fragments, re-
spectively. Further subcloning, restriction-site
mapping, cross-hybridization and partial se-
quencing of these inserts revealed that the 8.0-
kbp fragment contained an ORF showing highly
significant similarity to T. cruzi Gp72. A repre-
sentative clone (pfla) containing the 8.0-kbp in-
sert was characterized. The signal from the 4.8
kbp-BamH]1 fragment was caused by strong sim-
ilarity to 3’ untranslated region of the T. rhode-
siense cDNA probe, and will not be further
described in this report.

3.2. Genomic organization and RNA expression

of flal

The patterns of restriction-fragment hybridiza-
tion, using several enzymes, were consistent with
flal being a single copy gene with a HindIII
polymorphism in one allele (Fig. 1A, D). This
premise was confirmed during replacement of
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Fig. 2. Amino acid sequence comparison of Flal (top line) and Gp72 (bottom line). Dashes in the sequences are computer-inserted
gaps. Identical amino acids are highlighted by vertical lines (|) and conserved cysteines by plus signs (+ ). Asparagines at possible
N-linked glycosylation sites, the proline/threonine-rich putative O-linked glycosylation region, the RGD tripeptide and the putative

transmembrane domain, are underlined. Asterisks indicate the predicted mature amino-termini.

ity to 7. cruzi Gp72 (Fig. 2). The protein has a
characteristic amino-terminal signal sequence,
with a probable cleavage site [17] between amino
acids 30 and 31, yielding a 57-kDa mature protein
of 516 residues. The carboxy-terminal region has
a putative membrane-spanning hydrophobic re-
gion, followed by a short putative cytoplasmic
domain, in precisely the same location as Gp72,
suggesting that Flal, like Gp72, is membrane-as-
sociated. Neither protein has a carboxy-terminal
sequence typical of a cleavable glycosylphos-
phatidylinositol-anchor signal sequence (reviewed
in [18]). Eleven out of 12 cysteines in Gp72 are
conserved in Flal and three out of five potential
N-glycosylation sites in Gp72 are conserved in
Flal, which has four additional potential N-gly-
cosylation sites compared to two alternative sites
in Gp72. A proline/threonine-rich region of Flal

(Serys,—Thr,sy; underlined in Fig. 2) is character-
istic of O-glycosylated regions in other glyco-
proteins [19-21]. This putative O-glycosylated
region in Flal is substantially shorter (18 residues)
than in Gp72 (42 residues). The amino-terminus
of Flal also contains an arginine-glycine-aspar-
tate (RGD) tripeptide, which is found in
fibronectin, collagens, fibrinogens, vitronectin,
von Willebrand factor, snake disintegrins and
slime mold discoidins, and is crucial for interac-
tion of these proteins with cell surface integrins.
Kyte-Doolittle hydrophilicity plots (Fig. 3) pre-
dict that Flal and Gp72 are structurally very
similar, except for the length of the putative O-
glycosylation region. The relative positions of the
six carboxy-terminal cysteines in the hydrophilic-
ity plots are almost identical, suggesting that the
carboxy termini of these glycoproteins have a very
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body in the adhesion zone of the flagellum [38].
The glycoprotein responsible for ricin binding
was not identified, but its location was similar to
that of Flal. Taken together with the intimate
association between flagellum and kinetoplast,
and the fact that basal body and flagellum are
involved in the kinetoplast segregation [39], we
propose that Flal might be necessary for the
physical process of kinetoplast segregation and
cell cleavage, in which the flagellum-attachment
zone [40,41] has been proposed to be important
{42]. Further ultrastructural studies on T. brucei
and on the null mutants of 7. cruzi may clarify
these issues.

Both Flal and Gp72 are encoded by single-
copy genes. However, whereas both alleles of
gp72 can be deleted, flal is apparently essential,
as we can delete individual alleles but not both.
Deletion of gp72 in T. cruzi leads to detachment
of the flagellum from the cell body [4] and
greatly impairs establishment of infection in the
gut of the vector, Triatoma infestans [3]. Whether
the defect in vector transmission is due to loss of
adhesion to the midgut epithelium, or is a sec-
ondary consequence of impaired motility, is un-
known.

Why should flal be essential in 7. brucei when
its T. cruzi homologue is not? Assuming that the
function of Gp72 and Flal is similar in both
species, and is somehow necessary for flagellum
adhesion, this implies that flagellum adhesion
fulfills some essential but undetermined role in
both life-cycle stages of 7. brucei that is optional
in T. cruzi. One of the major morphological dif-
ferences between T. cruzi epimastigotes and T.
brucei bloodstream or procyclic forms is that
kinetoplast and basal body of the former are
located in the anterior half of the cell body,
whereas in the latter they are located in the pos-
terior half of the cell body, and thus the extent
of the interaction between the flagellum and cell
body is much greater in 7. brucei.

Identification and characterization of the flag-
ellum components of kinetoplastids, and under-
standing their post-translational modifications,
could identify targets for treatment and prophy-
laxis of diseases caused by this family of para-
sites.
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