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Survival of Schistosoma mansoni within the infected
host requires the parasite to actively maintain its pro-
tective tegument. The components responsible for this
maintenance are therefore attractive targets for immu-
noprophylaxis or chemotherapy. Here we report the mo-
lecular characterization of a 20.8-kDa tegumental anti-
gen with sequence similarity to dynein light chains and
tegumental associated antigens. A cDNA encoding the
20.8-kDa polypeptide contains an open reading frame of
181 amino acids and predicts an isoelectric point of 7.27.
Expression of the 20.8-kDa antigen is developmentally
regulated, with the highest concentration found in cer-
cariae. Our data show that the 20.8-kDa polypeptide
specifically interacts with a S. mansoni 10.4-kDa dyn-
ein light chain that we have previously described
(Hoffmann, K. F., and Strand, M. (1996) J. Biol. Chem.
271, 26117–26123). Velocity sedimentation analysis of a
parasite extract demonstrated that this 10.4-kDa dynein
light chain and the 20.8-kDa polypeptide were present in
a complex that sedimented at 4.4 Svedberg units. We
have also shown by antibody cross-reactivity that a 20.8-
kDa homolog of the S. mansoni antigen is present in
Schistosoma japonicum, but not in Schistosoma hemato-
bium or Fasciola hepatica. Because the 20.8-kDa
polypeptide displays ideal characteristics of a potential
vaccine candidate, including (i) expression in the tegu-
ment, (ii) significant divergence from mammalian brain
cytoplasmic dynein, and (iii) a conserved homolog in S.
japonicum, we are currently evaluating its immunopro-
phylactic efficacy.

More than 200 million people worldwide are affected by the
disease schistosomiasis (2). The helminths responsible for this
disease are unusual in that they inhabit the blood, are dioe-
cious and digenetic, and possess a double layered outer mem-
brane characteristic only of blood flukes. Survival of the para-
site in the infected host’s bloodstream depends upon the
maintenance of its tegument and heptalaminate membrane.
Several studies have demonstrated active repair of the hepta-

laminate membrane after damage, reviewed in Ref. 3, but the
components that regulate and participate in this repair have
not been elucidated. Knowing how this protective barrier is
actively maintained is critical to understanding how schisto-
somes survive in the infected host. One approach toward study-
ing the mechanisms that govern schistosome tegument main-
tenance is to identify the antigens involved. We have used
monoclonal antibodies (mAbs)1 raised against components of
the tegument as tools to isolate and molecularly characterize
the antigens responsible for these processes.

We have previously characterized the target antigen of one of
these antibodies, mAb 709A2/2, and reported its molecular
similarity to cytoplasmic dynein light chains (DLCs) from var-
ious organisms (1). Cytoplasmic DLCs have recently been im-
plicated in embryonic Drosophila lethality (4) and inhibition of
neuronal nitric-oxide synthase (5), strongly suggesting their
importance in normal cellular homeostasis. Cytoplasmic dyn-
ein complexes (reviewed by Bloom (6), Vallee (7), Holzbaur et
al. (8), and Vallee and Sheetz (9)) are large, macromolecular
(containing heavy, intermediate, and light chains) motors in-
volved in the movement of membranous organelles toward the
minus ends of microtubules, as well as mitotic spindle position-
ing and elongation in yeast. Because it is not known how
cytoplasmic dynein discriminates among various classes of
membranous organelles or how it positions mitotic spindles, a
number of research groups have been interested in molecularly
characterizing the components of this complex and in identify-
ing other interacting proteins as a step toward understanding
the roles they play in dynein function and/or regulation.

Toward this end, we now present the molecular character-
ization of a 20.8-kDa polypeptide that we previously found to be
coprecipitated with SmDLC by mAb 709A2/2 (1). The sequence
encoding this antigen (Sm 20.8) is similar to those of the 8-kDa
family of DLCs (of which SmDLC is a member), an 18-kDa
calcium-binding outer arm DLC from Chlamydomonas rein-
hardtii (10), and a family of schistosome proteins termed teg-
umental associated antigens (11–14)). Members of this family
all (i) have conservative calcium binding EF hand-like motifs,
but none (including Sm 20.8) binds calcium experimentally;
(ii) display developmentally regulated expression; and (iii)
have as of yet no identified functions or significant sequence
homologies.

Much effort has been devoted to the molecular and functional
characterization of these putative cytoplasmic DLCs with the
goal of understanding the role they play in dynein function.
The results presented in this report underscore our continued
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interest in determining the importance of molecules similar to
DLCs for schistosome survival in the infected host. We believe
that these findings may have broad applicability to the dynam-
ics of dynein regulation and association in other systems.

EXPERIMENTAL PROCEDURES

Parasites—Parasite materials derived from Schistosoma mansoni
(Puerto Rican strain) Schistosoma japonicum, Schistosoma hemato-
bium, and Fasciola hepatica were used throughout this study. Adult
worms were obtained as described previously (15). The schistosomular
life stage was obtained by mechanical transformation as described by
Dalton et al. (16). Eggs containing miracidia were collected from in-
fected mouse livers, and cercariae were shed from the intermediate
snail host, Biomphalaria glabrata.

Antibodies—mAb 709A2/2 (IgG2a) was derived from spleen cells of
mice immunized with adult male S. mansoni tegumental membranes
(17) obtained as described by Oaks et al. (18). A monospecific mouse
polyclonal antibody (pAb 20.8) was generated against the native 20.8-
kDa polypeptide following the immunization protocol described by
Cianfriglia et al. (19). The 20.8-kDa antigen was obtained from worm
lysates by immunoaffinity chromatography using mAb 709A2/2 as out-
lined by Harlow and Lane (20), followed by SDS-PAGE separation. The
Coomassie Blue-stained band corresponding to the 20.8-kDa polypep-
tide co-immunoprecipitated by mAb 709A2/2 was cut, emulsified with
complete Freund’s adjuvant, and used for immunization. A mouse poly-
clonal serum (pAb SmDLC-GST) was raised against the previously
described SmDLC-glutathione S-transferase (GST) fusion protein (1) as
follows. 50 mg of SmDLC-GST emulsified in complete Freund’s adjuvant
was used for primary intraperitoneal immunization on day 0, followed by
boosting with SmDLC-GST in incomplete Freund’s adjuvant on day 10.

cDNA Cloning—-A cDNA clone encoding the 20.8-kDa antigen (clone
3A-1), the recombinant form termed Sm 20.8, was identified by expres-
sion screening, using standard methods (21), of an oligo(dT)-primed
adult worm schistosome UNIZAP-XR (Stratagene) cDNA library. After
three rounds of plaque purification with pAb 20.8, the phagemid con-
taining clone 3A-1 was rescued using helper phage, and the size of the
insert contained within pBluescript II SK2 (Stratagene) was deter-
mined by EcoRI and XhoI digestion. The 748-bp EcoRI/XhoI restriction
fragment was sequenced in both directions using the 7-deaza-dGTP
Sequenase sequencing kit (U. S. Biochemical Corp.) and dideoxy chain
termination (22), as well as by automated sequencing performed with a
Li-Cor sequencer.

Computer Analysis—Analysis of sequence assembly and comparisons
was performed using software developed by the Genetics Computer
Group. Searches of the GenBankTM data base to identify sequences
similar to Sm 20.8 were performed at the National Center for Biotech-
nology Information (NCBI) using the BLAST network server. Primary
sequence motifs were identified using the PROSITE network server at
the European Molecular Biological Laboratory (EMBL). Secondary
structure predictions were made using MacVector® software. Sequence
alignments were generated by the Multiple Sequence Alignment pro-
gram developed at Washington University.

Northern Blot—Adult worm total RNA was isolated, electrophoresed,
and capillary-transferred to a nylon membrane (Zeta-Probe, Bio-Rad)
as described previously (23). Clone 3A-1 containing the 748-bp insert
was linearized by EcoRI, transcribed by T3 RNA polymerase, and
radiolabeled by incorporation of [a-35S]dUTP (Amersham Corp., 800
Ci/mmol). The nylon membrane containing RNA was incubated for 8 h
at 42 °C in prehybridization solution before the addition of the radiola-
beled probe. Incubation with the radiolabeled probe continued over-
night at 42 °C, after which the membrane was washed according to
standard conditions before exposure to Amersham Hyperfilm-MP auto-
radiographic film.

Protein Sequencing—Protein samples submitted for sequencing were
prepared by immunoaffinity purification over the mAb 709A2/2 affinity
column. Adult worm lysates were passed over a mAb 709A2/2-coupled
Protein G-agarose (Pharmacia Biotech Inc.) affinity column essentially
as described by Harlow and Lane (20). The isolated 20.8-kDa antigen
was fractionated by SDS-PAGE and transferred to a Bio-Rad microse-
quencing polyvinylidene difluoride membrane (Bio-Rad Laboratories)
by electrophoresis at 70 V for 2 h. The 20.8-kDa polypeptide was
subjected to in situ trypsin digestion, purification of the eluted peptides
by reversed-phase chromatography, mass spectrophotometric analysis
of the purified eluted peptides, and N-terminal amino acid sequencing
at the Wistar Sequencing Facility by David Reim.

Solubilization of Proteins—Extracts of cercariae, 3-h schistosomula,
and solubilized egg antigens were prepared according to the procedure

described by Hawn and Strand (15) in the presence of 1% Triton X-100.
Adult worms were solubilized in disruption buffer (1.25 M Tris-HCl, pH
6.8, 0.7 M 2-mercaptoethanol, 0.002 M EDTA, 5% glycerol, 2% SDS, and
8 M urea) by sonication (10 s at maximum output in a cup cell disrupter,
SmithKline Beecham) prior to SDS-PAGE.

Source of Recombinant Proteins—The recombinant SmDLC (1) used
for in vitro protein-protein interaction assays was expressed in Esche-
richia coli DH 5a cells as a fusion protein with GST of S. japonicum and
obtained as described by Soisson et al. (24). Recombinant GST was
purified in exactly the same manner as recombinant SmDLC-GST.

In Vitro Sm 20.8-Sm DLC Protein Interaction—Ten micrograms of
SmDLC-GST or GST were incubated overnight at 4 °C with 50 ml of
glutathione conjugated to agarose beads (Sigma). The recombinant
proteins conjugated to glutathionine-agarose beads were then incu-
bated with a 0.2% Triton X-100 adult tegumental membrane extract
(Oaks et al. (18)) overnight at 4 °C to allow for protein-protein interac-
tions. The beads were washed, and the 20.8-kDa polypeptide captured
by SmDLC-GST was eluted into SDS-PAGE sample buffer and then
detected by gel electrophoresis and Western blotting.

Velocity Sedimentation Analysis—Velocity sedimentation analysis of
S. mansoni adult worm extracts was performed essentially as described
by Echeverri et al. (25) and Schroer et al. (26). Briefly, ;200 worms
were solubilized on ice in 2 ml of a homogenization buffer containing 35
mM PIPES, pH 7.4, 5 mM MgCl2, 1 mM EGTA, 0.5 mM EDTA, pH 7.4,
and 500 mM phenylmethylsulfonyl fluoride using a Dounce homoge-
nizer and type A pestle. The extract was microcentrifuged for 15 min at
16,400 3 g to remove any insoluble material. Sucrose gradients (4.8 ml,
5–20% in homogenization buffer) were prepared, and 200 ml of the
soluble supernatant was carefully layered on top. The gradients were
subjected to velocity sedimentation in a SW50.1 rotor (Beckman Instru-
ments, Palo Alto, CA) at 26,500 rpm for 18 h at 4 °C, after which 250-ml
fractions were collected. Sedimentation standards, which included thy-
roglobulin (669 kDa), catalase (232 kDa), aldolase (158 kDa), and chy-
motrypsinogen A (25 kDa), were diluted in homogenization buffer and
subjected to velocity sedimentation with the worm extracts. Equal
volumes of all fractions were analyzed by gel electrophoresis followed by
Western blotting.

Gel Electrophoresis—Gel electrophoresis was carried out as de-
scribed previously (27), with minor modifications. One-dimensional gels
used for analysis of SmDLC or both SmDLC and Sm 20.8 were 10–20%
(w/v) gradient polyacrylamide. One-dimensional gels used for analysis
of Sm 20.8 alone were 15% (w/v) polyacrylamide.

Western Blot Analysis—Western blot analysis was carried out as
described previously (28) with the following modifications: the primary
pAb was used at a dilution of 1:5,000, and the secondary donkey anti-
mouse horseradish peroxidase (Jackson Immunoresearch Laboratories)
antibody was diluted 1:10,000.

RESULTS

Cloning of the cDNA Encoding Sm 20.8—We have previously
reported the co-immunoprecipitation of an approximately 18.4-
kDa protein (now designated Sm 20.8 on the basis of the mass
predicted by primary sequence information; see below) with

FIG. 1. In vitro protein interaction between SmDLC and native
Sm 20.8. Native Sm 20.8 obtained from a 0.2% Triton X-100 S. mansoni
worm extract specifically binds to SmDLC-GST but not to GST. Lanes
1, 4, and 5 (controls) represent electrophoresis of 4 mg of S. mansoni
solubilized worm protein preparation. Lanes 2 and 6 represent native
Sm 20.8 that failed to bind to SmDLC-GST (lane 2) and GST (lane 6).
Lanes 3 and 7 represent native Sm 20.8 that did bind to SmDLC-GST
(lane 3) but not to GST (lane 7). Lanes 1–3 and 5–7 were probed with
pAb Sm 20.8, while lane 4 was probed with NMS. Molecular mass
standards (in kilodaltons) are indicated to the left.
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SmDLC by mAb 709A2/2 (1). Confirmation of the specific pro-
tein-protein interaction between these molecules was sought
using a different experimental condition (Fig. 1). The native
Sm 20.8-kDa polypeptide interacted with the SmDLC-GST fu-
sion protein (Fig. 1, lane 3) but not with recombinant GST (Fig.
1, lane 7). This result provides additional evidence for a specific
association between SmDLC and Sm 20.8.

Because Sm 20.8 may represent an additional component of
schistosome dynein, we wished to isolate the cDNA encoding
this polypeptide. A mouse polyclonal serum against the 20.8-

kDa polypeptide was generated and shown to be monospecific
for an antigen of similar size by Western blot analysis of solu-
bilized worm proteins (Fig. 2, lane 1). Because of the mono-
specificity of this serum, it was used to screen a UNIZAP-XR
adult worm cDNA expression library from which a positive
clone, 3A-1, was identified and sequenced. Clone 3A-1 con-
tained an insert of 748 bp encoding an open reading frame of
181 amino acids (Fig. 3) predicting a polypeptide of 20.8 kDa
and a pI of 7.27. A strong Kozak (29) consensus start site
present at nucleotides 54–60 and a conserved poly(A)1 signal
sequence (AATAAA) occur 127 bp upstream of the poly(A)1 tail.
Two EF hand-like motifs were predicted for Sm 20.8 by the
BLOCKS program algorithm (30), but neither of these sites
was sufficient to bind calcium in vitro (data not shown). No
potential post-translational modifications were predicted by
PROSITE at EMBL for Sm 20.8. Native Sm 20.8 was digested
with trypsin, and one peptide fragment was subjected to N-
terminal microsequencing. The sequence obtained from this
peptide matches exactly a continuous stretch of 16 amino acids
(positions 84–99, LHPDVVVIYEQLPLDR) contained within
the open reading frame of clone 3A-1 (Fig. 3). In vitro transcrip-
tion and translation of clone 3A-1 resulted in a polypeptide
whose migration on SDS-PAGE was similar to that of the
native Sm 20.8 polypeptide (data not shown). These two inde-
pendent lines of evidence support the contention that the na-
tive protein and the polypeptide product of the open reading
frame contained within clone 3A-1 are identical.

The 181-amino acid open reading frame contained within
clone 3A-1 showed significant similarities to SmDLC as well as
to a calcium-binding 18-kDa outer arm dynein light chain of C.
reinhardtii (Fig. 4, A and B). Sm 20.8 displays a 53% sequence
similarity to SmDLC (and other members of the 8-kDa DLC

FIG. 2. Recognition of native Sm 20.8 by pAb Sm 20.8. The
monospecificity of pAb Sm 20.8 is shown in a Western blot analysis of 10
mg of S. mansoni solubilized worm antigen preparation. Lane 1, recog-
nition of the 20.8-kDa polypeptide by pAb Sm 20.8; lane 2, negative
control NMS. Molecular mass standards (in kilodaltons) are indicated
to the left.

FIG. 3. Sequence of Sm 20.8. Nucleic
acid and deduced amino acid sequence of
clone 3A-1 encoding Sm 20.8. Boldface
italic nucleic acids represent the pre-
dicted ribosomal binding site at the 59-end
and a poly(A)1 signal motif at the 39-end.
Underlined amino acids represent exact
matches for a peptide sequence obtained
from the purified native Sm 20.8
(LHPTVVVIYEQLPLDR) polypeptide.
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family not shown), but this similarity is limited to the carboxyl
termini. This degree of conservation is consistent with other
reports of two molecularly characterized DLCs from the same
organism, particularly the 8- and 11-kDa DLCs from C. rein-
hardtii that show a 41.8% identity. Sm 20.8 is also 44% similar
to the C. reinhardtii 18-kDa outer arm dynein light chain; this
similarity extends the full length of both polypeptides. This
lower degree of similarity is not unexpected because the overall
sequence similarity between cytoplasmic and axonemal dynein
heavy chains can be as low as 27% (7). In addition, the 74-kDa
cytoplasmic dynein intermediate chain is only 47.7% similar to
the 70-kDa intermediate chain of C. reinhardtii axonemal
dynein (31), further supporting the notion that Sm 20.8’s se-
quence similarity to the 18-kDa C. reinhardtii molecule is
significant.

Despite the sequence similarity of Sm 20.8 to the DLCs, the
smallest Poisson probability distribution (P(n); the probability
of the match occurring solely by chance) for Sm 20.8 is 4.7 3
10231 to 1.9 3 10220 (calculated by the BLAST server at NCBI
using the default matrix). These scores indicate the similarity
of Sm 20.8 to a group of previously characterized polypeptides
from schistosomes termed tegumental associated antigens (11–
14). Comparison of the alignment between Sm 20.8 and this
group of proteins (Fig. 4C) indicates that 17% of the residues
are invariant among members, but several instances of con-
servative substitutions increase the overall sequence similarity
to approximately 66%.

Secondary structure predictions for Sm 20.8 made with
MacVector® software indicate that this polypeptide is most

likely a-helical with a carboxyl-terminal extended b-sheet. Sm
20.8 lacks both a definable transmembrane-spanning sequence
and a signal sequence, suggesting that this polypeptide prob-
ably is not a membrane or secreted protein. Furthermore, the
native 20.8-kDa polypeptide associates with the aqueous phase
in a Triton X-114 phase separation analysis (data not shown),
strongly suggesting that the antigen is hydrophilic and not
hydrophobic.

The size of the mRNA encoding Sm 20.8 was determined to
be ; 740 bp by Northern blot analysis (Fig. 5). The width of the
band observed made it impossible to determine whether there
was more than one message encoding Sm 20.8 or, alternatively,
whether the Sm 20.8 probe hybridized to mRNA messages
encoding other members of the tegumental associated antigen
family. In either case, the signal observed was the correct size
for the message encoding Sm 20.8, suggesting that the full-
length cDNA had been isolated.

Developmental Expression of Sm 20.8 and SmDLC—The ex-
pression pattern of Sm 20.8 was examined in four life stages of
S. mansoni (miracidia, cercariae, 3-h mechanically trans-
formed schistosomula, and adults) by Western blot analysis
(Fig. 6B). Sm 20.8 was most abundant in cercariae (Fig. 6B,
lane 2), with decreasing levels being detected in the 3-h me-
chanically transformed schistosomula (Fig. 6B, lane 3) and
adults (Fig. 6B, lane 4). There appeared to be no detectable
expression of Sm 20.8 in the miracidial stage (Fig. 6B, lane 1)
at the level and sensitivity of this assay. Sm 20.8 migrated
faster under SDS-PAGE in the cercaria and schistosomula
stages than the adult stage (Fig. 6B, compare lanes 2, 3, and 4),

FIG. 4. Alignment of Sm 20.8 with SmDLC, C. reinhardtii 18-kDa DLC, and members of the tegumental associated antigen family.
A, alignment of Sm 20.8 (residues 120–184) with SmDLC (residues 35–89). B, alignment of Sm 20.8 with the C. reinhardtii 18-kDa DLC. C,
alignment of Sm 20.8 with members of the tegumental associated antigen family including Sj 22, Sm 22, and Sm 21.7. The shaded boxes represent
residues conserved between two or more family members. The alignment was generated by the multiple sequence alignment program developed
at Washington University.
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suggesting a mass difference that could be attributable to a
post-translational modification not predicted by PROSITE.
Normal mouse serum (NMS) did not react with any specific
proteins (Fig. 6A) in any of the life stages examined.

Because of the high level of Sm 20.8 expression in cercariae
as well as the observation that Sm 20.8 and SmDLC interact
(Fig. 1), we reexamined the developmental expression of
SmDLC (Fig. 6C). Previously, we had been unable to detect
SmDLC in either miracidia or cercariae using mAb 709A2/2 in
indirect immunofluorescence or enzyme-linked immunosorbent
assays (1). Use of the newly generated reagent, pAb SmDLC-
GST, in a Western blot assay resulted in the identification of
SmDLC in cercaria (Fig. 6C, lane 2) but not in miracidia (Fig.
6C, lane 1). As was true for Sm 20.8, SmDLC was most abun-
dant in cercariae with decreasing levels of expression detected
in schistosomula (Fig. 6C, lane 3) and adults (Fig. 6C, lane 4).
There also appeared to be a larger molecular mass polypeptide
(17 kDa) that was recognized in the cercariae by pAb SmDLC-
GST but not present in any other life stage (Fig. 6C, lane 2).
The lower molecular mass polypeptide recognized in the schis-
tosomula stage (Fig. 6C, lane 3) was not always observed.

Identification of Possible Sm 20.8/SmDLC Homologs in

Other Trematodes—Because tegumental associated antigens
have been identified in other schistosome species (12) and
8-kDa DLCs have been found in almost every eukaryotic orga-
nism, we wanted to determine whether potential Sm 20.8 and
SmDLC homologs existed in adults of S. japonicum, S. hema-
tobium, and F. hepatica by Western blot analysis (Fig. 7). A
specific polypeptide of approximately 20.8-kDa from S. japoni-
cum was cross-reactive with the polyclonal Sm 20.8 serum,
suggesting that this schistosome species does contain a poten-
tial Sm 20.8 homolog (Fig. 7A, lane 3). Neither S. hematobium
(Fig. 7A, lane 2) nor F. hepatica (Fig. 7A, lane 4) extracts
contained a similar molecular mass antigen that was cross-
reactive with the polyclonal Sm 20.8 serum. In contrast,
SmDLC homologs appeared to exist in all three trematodes
examined, with only minor differences in molecular mass ob-
served (Fig. 7C). NMS did not recognize any specific polypep-
tides in any of the trematode extracts (Fig. 7, B and D)
investigated.

Velocity Sedimentation—Cytoplasmic dynein, by definition,
behaves as an 18–22 S macromolecular complex during veloc-
ity sedimentation analysis (7). To address whether Sm 20.8 and
SmDLC are associated with a similar size complex in schisto-
somes, velocity sedimentation of a soluble worm extract
through a 5–20% sucrose gradient was performed (Fig. 8). Sm
20.8 and SmDLC co-sedimented, but these polypeptides were
most abundant in a fraction that is consistent with a 90-kDa
complex rather than a 669-kDa complex. Co-sedimentation of
Sm 20.8 and SmDLC as a complex of 90-kDa was also observed
in the presence of 1% Nonidet P-40, a condition tested to
increase the solubilization of worm carcasses (data not shown).

DISCUSSION

We describe in this report the molecular characterization of
a S. mansoni protein that shares sequence similarity with
dynein light chains and tegumental associated antigens. The
association of this polypeptide with SmDLC (1) suggests that a
cytoplasmic dynein complex exists in schistosomes. The obser-
vation that recombinant SmDLC-GST, but not GST, was able

FIG. 5. Northern blot analysis. Shown is a Northern blot of total
RNA isolated from adult worms and uninfected mouse spleen. Lane 2,
a broad message of ; 740 bp is observed for Sm 20.8; lane 1, no
reactivity occurred with the mouse spleen RNA. Molecular size stand-
ards (in kilobase pairs) are indicated to the right.

FIG. 6. Developmental expression of Sm 20.8 and SmDLC. The
developmental expression of Sm 20.8 and SmDLC was assessed by
Western blot analysis of solubilized parasite antigens from miracidia
(lane 1), cercariae (lane 2), 3-h mechanically transformed schistosomula
(lane 3), and adults (lane 4). Approximately 25 mg of parasite antigen
were loaded in each lane. A, reactivity of NMS with each of the four
parasite extracts. B, Reactivity of pAb Sm 20.8 with the four parasite
extracts. C, reactivity of pAb SmDLC-GST with the four parasite ex-
tracts. Molecular mass standards (in kilodaltons) are indicated to the
right.

FIG. 7. Identification of possible Sm 20.8 and SmDLC homologs
in other trematodes. To identify possible Sm 20.8 and SmDLC ho-
mologs in other trematodes, Western blot analysis was performed on
extracts of S. hematobium (lane 2), S. japonicum (lane 3), and F.
hepatica (lane 4) using pAb Sm 20.8 (A) and pAb SmDLC-GST (C). S.
mansoni extract (lane 1) was included as a positive control in all
experiments. Panels B and D were probed with NMS as a negative
control. Four times as much S. japonicum extract (100 mg) was used in
all experiments to equalize signal observed between trematodes. Mo-
lecular mass standards (in kilodaltons) are indicated at the left.
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to capture a 20.8-kDa polypeptide from worm extracts in an in
vitro assay (Fig. 1) confirmed the in vivo association of SmDLC
and Sm 20.8 that we had previously observed by co-immuno-
precipitation using either mAb 709A2/2 (1) or pAb 20.8 (data
not shown). Since we have shown in Fig. 1 that the pAb 20.8
does not cross-react with SmDLC, the appearance of SmDLC in
the co-immunoprecipitation experiment with pAb 20.8 indi-
cates a specific interaction between these two components. The
interaction displayed between Sm 20.8 and SmDLC is similar
to that reported by King et al. (32), who have shown that there
is an association of a 9-kDa light chain with a 19-kDa light
chain in outer arm dynein isolated from rainbow trout sperma-
tozoa. The sequence similarity between Sm 20.8 and this 19-
kDa dynein light chain is not known at this time, since the
trout protein has not been molecularly characterized. However,
Sm 20.8 is 44% similar to an 18-kDa outer arm dynein light
chain from C. reinhardtii (10). This degree of sequence simi-
larity is in the same range as that reported between axonemal
and cytoplasmic dynein homologs (7, 31) and, thus, would clas-
sify Sm 20.8 as a member of the dynein light chain family of
proteins.

Sm 20.8 also displays sequence similarity to the family of
8-kDa DLCs (of which SmDLC is a member) that have recently
been reported to occur in most eukaryotic organisms. Although
this sequence similarity is concentrated at the carboxyl ter-
mini, the conservation between Sm 20.8 and SmDLC is 55%
(Fig. 4A). It is possible that the sequence conservation over this
restricted region represents a motif that indicates a shared
function, whereas the more divergent amino termini encode
sequences unique to the specific functions of the two proteins.
Since it has been shown that there are 8- and 20-kDa light
chains associated with the base of cytoplasmic dynein (32, 33)
and this is the base that is thought to interact with organelles
(7, 9), it is not unreasonable to suggest that a common sequence
motif may be an essential aspect of organelle recognition.

Sm 20.8 is also highly similar to the members of a family of
tegumental associated antigens previously described (11–14)
(Fig. 4C). Although it is not clear what role these proteins play
in the tegument of schistosomes, some investigators believe
that they help to maintain this organ (11). Because all of the
other members of the family of tegumental associated antigens
are known to undergo developmental regulation (11–14), we
also examined the developmental expression pattern of Sm

20.8. Sm 20.8 was approximately 5 times more abundant in the
cercariae than in the 3-h mechanically transformed schistoso-
mula and adults (Fig. 6B). This result is similar to the devel-
opmental expression pattern that has been observed for an-
other tegumental associated antigen, Sm 22, a potential
schistosome vaccine candidate (12, 34). Like Sm 22, Sm 20.8
was not detected in the developing miracidia, suggesting that
both antigens may be unimportant in penetration of the inter-
mediate host.

Taking into consideration the developmental expression pat-
tern seen for Sm 20.8, we reexamined that of SmDLC (Fig. 6C).
Previously we had been unable to detect SmDLC in miracidia
and cercariae using mAb 709A2/2 (1). This mAb did not react in
Western blot, whereas the newly generated pAb against the
recombinant SmDLC did. This pAb indicated a pattern of
SmDLC expression that was identical to that observed for Sm
20.8; however, approximately 10 times more protein was pres-
ent in the cercariae than in the 3-h mechanically transformed
schistosomula or adult worms. These results strongly suggest
that the up-regulation of SmDLC and Sm 20.8 occurs at the
most likely time and place at which the presence of cytoplasmic
dynein would be essential for the parasite’s continued survival.
During the developmental switch from cercaria to schistosomu-
lum, the parasite is actively synthesizing the components nec-
essary for the dynamic transformation of the tegument from a
trilaminate to a heptalaminate membrane, a change that coin-
cides with definitive host infection. The apparently diminished
expression of Sm 20.8 and SmDLC after mechanical transfor-
mation of the cercariae may represent the steady state level of
each protein in the more developed schistosome. The 17-kDa
polypeptide observed in the cercariae extract (Fig. 6C, lane 2)
probably represents a protein that contains a conserved epitope
cross-reactive with pAb SmDLC-GST. This cross-reactive pro-
tein may be expressed at a higher level in cercariae than in
schistosomula and adults and, therefore, was not observed in
these more developed life-stages by Western blot analysis. The
smaller molecular mass polypeptide seen in the schistosomula
stage was not always observed, but it probably represents the
previously described 7.6-kDa DLC that is recognized by mAb
709A2/2 (1).

The identification of a possible Sm 20.8 homolog in S. japoni-
cum, but not in S. hematobium or F. hepatica, is intriguing
(Fig. 7A). It is possible that the closely related African schisto-

FIG. 8. Velocity sedimentation anal-
ysis of soluble S. mansoni proteins. A
5–20% sucrose gradient was used to frac-
tionate soluble schistosome proteins dur-
ing velocity sedimentation. Sm 20.8 and
SmDLC co-sediment as a 90-kDa macro-
molecular complex at fraction 17. Velocity
sedimentation standards are thyroglobu-
lin (669 kDa), catalase (232 kDa), aldolase
(158 kDa), and chymotrypsinogen A (25
kDa). Molecular mass standards during
SDS-PAGE (in kilodaltons) are indicated
at the left.
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some, S. hematobium, contains other as yet uncharacterized
tegumental associated antigens but lacks one similar to Sm
20.8. Since pAb Sm 20.8 cross-reacted with a protein of similar
mass in the more distantly related Asian schistosome, S. ja-
ponicum, this explanation seems likely. The apparent lack of
pAb 20.8 cross-reactivity in F. hepatica also suggests that this
trematode either does not contain a Sm 20.8 homolog or con-
tains a significantly divergent form of the antigen. In contrast,
pAb SmDLC-GST cross-reacted with all three trematode spe-
cies examined (Fig. 7C), further demonstrating the ubiquity
and conservation of this DLC in parasitic trematodes.

The co-sedimentation of Sm 20.8 and SmDLC during velocity
sedimentation (Fig. 8) confirmed the in vitro interaction ob-
served for SmDLC-GST and native Sm 20.8 (Fig. 1). However,
these proteins were detected in a fraction corresponding to
;4.4 S and not the 18–22 S that is typically observed for
cytoplasmic dynein (7). There are several possible explanations
for this result: (i) Sm 20.8 and SmDLC associate with multiple
copies of themselves or other proteins, and this complex sedi-
ments at a fraction with an apparent molecular mass of 90 kDa;
(ii) the conditions used to solubilize the worm carcasses were
not amenable to isolation of intact schistosome dynein, and
only the portion containing Sm 20.8 and SmDLC or these two
molecules and other unidentified components sedimented at a
position consistent with a mass of 90 kDa; (iii) schistosome
dynein is not as large a complex as are other reported dyneins;
or (iv) these dynein complexes undergo developmental regula-
tion in schistosomes. We are currently in the process of ad-
dressing these questions by attempting to isolate intact cyto-
plasmic dynein from schistosome adult worms and cercaria
using microtubule affinity columns and velocity sedimentation.

We do have preliminary evidence that pAb SmDLC-GST
weakly recognizes an ; 8-kDa component in purified cytoplas-
mic dynein preparations from bovine brain extracts (data not
shown). However, the schistosome pAb 20.8 reagent failed to
recognize a 20.8-kDa polypeptide from the same bovine brain
cytoplasmic dynein complex (data not shown). It is possible
that the cross-reactivity of this antiserum is not very high. An
alternative explanation for this finding is that the 20.8-kDa
DLC is less abundant in bovine brain cytoplasmic dynein than
is the 8-kDa DLC. This second possibility seems more likely
because the stoichiometry of the 8-kDa DLC and the 20-kDa
DLC in bovine brain was estimated to be 10:1 by King et al.
(33). The ratio of SmDLC to Sm 20.8 in adult worms is in good
agreement with this calculation. Therefore, based on the weak
reactivity of pAb SmDLC and bovine brain cytoplasmic dynein,
it is not unexpected that pAb 20.8 fails to recognize a cross-
reactive antigen from the same preparation.

We report here that a 20.8-kDa S. mansoni tegumental an-
tigen may be related to the growing family of DLCs. The evi-
dence supporting this statement includes its sequence similar-
ity to two characterized DLCs (SmDLC and the C. reinhardtii
18-kDa DLC) and the association of Sm 20.8 with SmDLC.
However, it is also equally possible that these two polypeptides
may be associated with macromolecular complexes other than
cytoplasmic dynein, as our velocity sedimentation analysis sug-
gests. It has been reported that a rat protein with sequence
similarity to the 8-kDa family of DLCs (SmDLC being a mem-
ber of this family) has potent neuronal nitric-oxide synthase-
inhibitory activity (5); this protein, designated PIN (protein
inhibitor of nNOS), exerts its inhibitory activity alone, and not
as part of a dynein complex. This observation supports the
association of DLCs with other, non-dynein-like macromolecu-

lar structures.
Because Sm 20.8 is related to a tegumental associated anti-

gen that currently is being considered as a vaccine candidate
against schistosomiasis (12, 34), we are also actively exploring
the immunoprophylactic efficacy of this polypeptide. The lack
of cross-reactivity observed between pAb Sm 20.8 and bovine
brain dynein makes this an attractive vaccine candidate. Fur-
ther biochemical and immunological studies of Sm 20.8 and
SmDLC should expand our understanding of the components
that are involved in schistosome tegument maintenance.
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