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SLGDABSLMEHEASMTEAVIPVEEREKMGITESLLRLSVGIEAWEDIWEDIQQALDNI

A

Fic. 2. Amino acid comparison of MGLs and phylogenetm analysis of y-subfamily of PLP enzymes. 4, comparison of deduced amino acid
sequences of MGL from Enfamoeba and other organisms. Pazir-wise alignment was performed as described under “Experimental Procedures”.
Computer-generated gaps are indicated by hyphens, Residues that are conserved among all MGL sequences as well as other members of the y-subfamily
of PLP enzymes are shown on a gray background, and “MGL signature-like residues” conserved in MGLs, but not in other members of the y-subfamily
of PLP enzymes, are shown as reversed letters on a bluck background and marked with sharps. The two amebic and two archaeal MGLs are labeled
in bold, and their conserved residues are shown on « groy bachground marked with asterisks. A region corresponding to the FLP attachment site in
cysteine/methionine-metabolizing enzymes {PROSITE accession number: PS00868) is marked with an open rectangle. Active-site residues depicted
from a crystal structure of PpMGL (83) are indicated with arrowheads. Protein accession numbers are shown in Fig. 2B. B, phylogenetic reconstruction
of MGLs and other related PLP enzymes be!ong'mg to the y-subfamily. An unrooted NJ tree, which is representative of the results of three independent
methods for phylogenetic reconstruction, is shown. The root is arbitrarily placed using EhCSs ( B-family of PLP enzyme} as the outgroup®, and numbers
beside the nodes indicate bootstrap values from 1000 replicates. The horizontal length of each branch is proportional to the estimated numbEI of amino
acid substitutions. EhMGL* accession numbers are shown in the DDBJ footnote, and other accession numbers are shown in parentheses (NCBI protein
data base except "Swiss-Prot accession number). Abbreviations are defined in Footnote 2.
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F1G. 2—-continued

period of the cultures were chosen to maintain the control trophozoites
in the late-logarithmic growth phase throughout the experiment, and
also to allow the measurement of optical density in the linear portion of
the curves (between 4 X 107 to 2.0 X 10° cells/ml).

RESULTS AND DISCUSSION

Dato Base Search of the PLP-dependent Enzymes—In an
attempt to obtain genes encoding the PLP-dependent enzymes
involved in the metabolism of sulfur-containing amino acids,
we searched the genome data base for putative proteins that
possessed a conserved PLP-binding domain as described under
“Experimental Procedures.” Two independent contigs were
found in the genome data base. These contigs (Contig 315785
and 316820, TIGR) contained two similar but not identical
ORFs that encode proteins possessing a region containing the
PLP-binding motif of the y-subfamily of PLP enzymes. Non-

coding flanking regions within these contigs also showed sig-
nificant variations (data not shown). All other contigs or sin-
gletons showing significant identity to these two contigs
perfectly overlapped them, which is consigtent with the notion
that these fragments are present as a single copy in the
genome, ’

We also searched for genes containing the PLP-binding site
of the B-family of PLP enzymes using both the amebic CS and
the yeast and mammalian CBS. However, after eliminating
contigs and singletons that contain genes encoding the two CS
isotypes described previously (14), no contig or singleton was
found to confain this motif. This suggests that E. Aistolytica
possesses two uncharacterized genes encoding proteins that
belong to the y-subfamily of PLP enzymes, and lacks the g-fam-
ily of PLP enzymes (i.e. CBS) known to be involved in the
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Fic. 3. Enzymological characteristics of the recombinant EhMGL isotypes. 4, Size exclusion chromatography of the recombinant
EhMGLs. rEhMGL1 () and 2 (W)were applied to a column of Toyopearl HW-65S and detected as deseribed under “Experimental Procedures.”
Standard calibration of this column was performed with blue dextran (2000 kDa), ferritin (440 kDa), catalase (232 kDa), and aldolase (158 kDa).
The K, of each protein was calculated using the equation X,, = (V, - VAV, ~ V,) (V,, elution volume; V,, total bed volume; Vo column void
volume). B, pH optimum of rEhMGLSs. The optimum pH was determined at 37 °C with 50 my MES buffer (pH 5.6-6.2), MOPS buffer (pH 6.4-7.4),
and HEPES buffer (pH 7.4~8.2). Activities of rEhMGL1 (O) and 2 (@) were monitored by hydrogen sulfide assay for 5 min using 5 mM
pL-homocysteine and I ug of each rEAMGL in a 200 pl reaction mixture as described under “Experimental Procedures.” Data shown are means +
8.D, of triplicates. C, Lineweaver-Burk double reciprocal plot of MGL showing non-competitive inhibition of rEWMGL2 by DL-propargylglycine
(PPG}. rERMGL2 was preincubated with 0 (@), 10 (A), or 20 M (C)) PPG in a reaction mixture without L-methionine at 36 °C for 5 min. Reactions
were initiated by adding appropriate concentrations of L-methionine, and pyruvate production was assayed after 5 min. D, slow binding inhibition
of rTEhMGL2 by PPG. yYEhMGL2 was preincubated with 0 (@}, 10 (C), or 20 pM (A) PPG in a reaction mixture without L-methjonine at 36 °C for
each period indicated. Reactions were initiated by adding L-methionine and carried out for 5 min. Percentages of MGL activity relative to the
untreated control are shown.

reverse trans-sulfuration pathway in other organisms. We also
tentatively concluded that the trans-sulfuration sequences in
both the forward and reverse orientation are incomplete since
the amebic genome lacks putative genes for CBL, CGS, and
CGL (also see below). In addition, the major pathways for

cysteine degradation of sulfur amino acids present in mam-
mals, i.e. the eysteine sulfinic acid (cysteine dioxygenase as a
key enzyme), 4'-phosphopanthetheine (leading to synthesis of
coenzyme A and cysteamine), and mitochondrial mercaptopy-
ruvate pathways, are apparently absent in this organism (data
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TasLE |
Products of L-methionine degradation by the amebic crude extruct and
recombinant ERMGLs

Rates of product formation were determined from three independent
experiments, and results of one representative experiment are shown.
Assays to measure individual products were performed as described
under “Experimental Procedures.” Reactions were carried out with 10
mM L-methionine at 37 °C for 30 min with 200 pg of crude extraet or for
10 min with 3 xg of recombinant enzyme in a 200 p! of reaction mixture.
Crude extracts from trophozoites cultured for 48 hys in BI-S-33 medium
supplemented with or without 20 usm PPG were also used. Methanethiol
and nitrogen could not be measured when the crude extract was used as
& source of MGL because the backgrounds due to endogenous organic
and inorganic thiols and nitrogen were not negligible.

Rate of preduction {nmob/min/mg|

Crude extract Recombinant enzyme

Product
proas  PLISIN  mhMoLl  rEnMGL2
Methanethiol nd.” n.d. 524.7 738.7
a-Buryrie acid  0.157 0.004 288.7 468.7
Nitrogen n.d. n.d. 385.3 793.3

“ n.d., not determined.

not shown). Therefore, E. histolytica must have alternative
enzymes involved in the degradation of toxic sulfur-containing
amine acids, e.g. homocysteine, which is implicated in the well
characterized human genetic disease homocysteinuria and its
cytotoxicity (30).

Identification and Features of EAMGL Genes and Their Pro-
teins—The nucleotide sequences of the 1170- and 1179-bp
ORFs recognized in the contigs described above were homolo-
gous to those of the y-subfamily of PLP-dependent enzymes,
including MGL, CBL, CGS, and CGL. These putative genes
encode 389- and 392-amino acid polypeptides with predicted
molecular masses of 42.3 and 42.7 kDa and predicted pls of
6.01 and 6.83, respectively. We designated these genes Eh-
MGL1 and ERMGL2 since their predicted proteins showed
highest similarity to methionine y-lyase (MGL; EC 4.4.1.11)
from the Archaea. The deduced amino acid sequences of Eh-
MGL1 and 2 are 69% identical to each other. The EhMGL1 and
2 proteins showed 44 —49/44—48% identity to MGL from three
archae) species, i.e. Methanosarcing mazei (MmMGL)Y? Meth-
anosarcina acetivorans (MaMGL), and Methanosarcina barkeri
(MbMGL), respectively. EhMGLI and 2 also showed 39-46/
40-43% identity to MGL from bacteria, i.e. Fusobacterium
nucleatum (FnMGL, 46/43%) and Pseudomonas putide (Pp-
MGL1, 39/40%), and 45/43% identity to MGL from another
eukaryotic protozoan parasite, L.e. T, vaginalis (TvMGL1). In
addition, EhMGL1 and 2 showed 39/41% identity to CGS from
Helicobacter pylori (HpCGS), 37/36% identity to human CGL
(HsCGL), and 26/28% identity to E. coli CBL (EcCBL).

Comparison of the deduced amino acid sequences of these
MGLs as well as 18 other PLP enzymes (Fig. 24, only MGLs
are shown) revealed conserved amino acids as well as residues
unique to MGLs. Phe®, Met®, Cys!''®, and Val®¥! (amino acid
numbers are based on EhMGL1) were conserved among all
MGLs and absent in all other PLP enzymes. Conservation of
Cys'!® was previously reported for MGL from P. putida (31)
and T. vaginalis (82). Amino acid residues implicated in sub-

2 Names of organisms: Eh, Entamoeba histolytica; Mm, Methanosar-
cina mazei Goel; Tv, Trichomonas vaginalis; Fn, Fusobacterium nu-
cleatum subsp. C2A nuecleatum ATCC 25586; Ma, Methanosarcina ace-
tivorans; Mb, Methanosarcing barkeri; Pp, Pseudomonas putida; Hs,
Home sapiens; Be, Escherichia coli K12; Bh, Bacillus halodurans; Ce,
Caulobacter crescentus CB15; O1, Oceanobacillus iheyensis; Bn, Rattus

. norvegicus; Ce, Caenorhabditis elegans; Cp, Clostridium perfringens;
Hp, Helicobacter pylori; Sa, Stuphylococcus aureus subsp. aureus N315;
Hi, Haemophilus influenzae Rd; St, Selmonella typhimurium LT2; Yp,
Yersinia pestis.
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strate binding and catalysis from the crystal structure of MGL
from P. putida {(Tyr'™, Asp'™®, Lys®™®, Arg®®) (33) were also
conserved in EhMGLs, although these residues were also
shared by other PLP-dependent enzymes.

Considering these MGL-specific residues, the MmMGL and
MbMGL genes, which were initially deposited in the data base
as CGS (NP_835109) and a hypothetical protein (NZ_AAAR-
01001138), respectively, likely encode MGL since all the impor-
tant residues that were shown o be unique to and shared by
biochemically characterized MGLs from other organisms, in-
cluding the amebic MGL, were completely conserved in these 2
sequences. In addition, amine acid residues of Phe'®8, Leu®®,
Cys?8, Gly*°?, and Asp®*’, and a deletion (at position 232-233)
were uniquely conserved among the two EnMGL isozymes and
all the archaeal MGLs.

Phylogenetic Analyses of ERMGLs—Phylogenetic reconstruc-
tion of the 23 protein sequences that belong to the y-subfamily
of PLP enzymes from a variety of organisms, together with two
EhCS isotypes {(8-family of PLP enzymes) as the outgroup, was
performed with the NJ, MP, and ML methods as described
under “Experimental Procedures.” These analyses {only the
result of the NJ method is shown in Fig. 2B) revealed that PLP
enzymes involved in sulfur amino acid metabolism were clearly
divided into four distinct groups, i.e. MGL, CGL, CGS, and
CBL, which was supported by high bootstrap proportions
(98.9-100%). In the MGL clade, a monophyletic relationship
among the MGLs from E. histolytice and three Archaea, i.e.
M. acetivorans, M. mazei, and M. barkeri, was confirmed (boot-
strap proportion 82.4%), while bacterial MGLs and TvMGLs
formed an independent clade (93.0%). Therefore, MGL ap-
peared to be subdivided into the Entamoeba-Archoea and the
Trichomonas-Bacteria groups. TvMGLs and EhMGLs did not
form a statistically supported clade with any of the three inde-
pendent analytical methods {data not shown). That is, despite
a predicted closé relationship between these two protozoan
organisms based on several biological and biochemieal charac-
teristics (e.g. anaerobic metabolism and a lack of mitochondria
and the glhatathione system), they do not likely share a common
ancestor for their MGLs. .

Evolutionary Distribution of MGL—The presence of an MGL
gene or its encoded protein has been demonstrated in only a
fraction of bacteria, including Clostridium sporogenes (34),
P. putida (= ovalis) (35), Pseudomonas taetrolenz (36), Bacillus
halodurans (37), Aeromonas sp. (38), Citrobacter intermedius
(39), and Brevibacterium linenese (40), and only two eukaryotic
organisms, T. veginalis (41) and E. histolytice (this study).
Coombs et al. (41, 42) also reported that MGL activity was not
detected in crude extracts from the other anaerobic protozoan
parasites Entamoeba invadens, Trichomonas fetus, Trichomi-
tus batrachorum, and Gigrdia lamblia, suggesting that the
presence of MGL is not directly associated with anaerobic me-
tabolism. In addition, our search for a putative MGL gene in 23
archaeal genome databases available at NCBI revealed that
only 3 Archaea, M. mazei, M. acetivorans, and M. barkeri,
possess orthologous genes. We were also unable to find a MGL
ortholog in other eukaryotes including yeasts, fungi, slime
mold, and higher eukaryotes. This unique distribution of MGL
strongly supports the premise that two distinct MGL sub-
groups have been horizontally transferred, i.e. from a subgroup
of Archaea to E. histolytica and from a subgroup of bacteria to
T. vaginalis. '

Molecular and Structural Characterization of Recombinant
EWMGL Isoenzymes—In order to understand the biochemical
properties of the two EhMGL isoenzymes, recombinant pro-
teins were produced. The recombinant proteins (fEhMGL1 and
2) were assessed to be >95% pure with Coomassie-stained
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TabLE 11
‘Relative activities and kinetic properties of rERMGLs

Relative activities and kinetic parameters were determined by using o-keto acid or nitrogen assays. Reactions were performed for 10 min at 36°C
with 5 mM (for relative activities) or 0.2-10 mu (for kinetics) of each substrate and an appropriate amount of enzyme. Kinetic parameters were
determined by a-keto acid assay for ail the substrates except DL-homocysteine and O-acetyl-L-serine, which were monitored by nitrogen assay. For
i-methionine, both assays were used. Experiments were repeated three times, and results of one representative experiment are shown (means =
5.D.}. To determine kinetic constants, at least 7 different substrate concentrations were used. Lineweaver-Burk plots were obtained to calculate
parameters using Sigma Plot 2000 software (SPSS Inc., Chicago, IL) with the Enzyme Kinetics module (version 6.0, Hulinks, Inc., Tokyo, Japan).

Relative activity K Viox
Substrate
rERMGL1 rEhMGL2 rEhMGL1 rEhMGL2 rERMGL1 rEhMGL2
% ma pmoliminimg
L-Methionine 100.0 181.6 0.94 = 0.16 190 = 0.15 0.36 = 0.20 0.44 = 0.30
pL-Homocysteine 112.2 294.7 3.40 = 0.87 1.87 = 0.77 088 £0.11 1,31 +x0.24
L-Cystathionine <10 <10 ND ND ND ND
L-Cysteine 19.7 160.1 nd.? 230010 n.d. 126 =081
O-Acetyl L-serine 11.1 33.8 n.d. 0.89 = 0.23 n.d. 0.085 = 0.05

2 ND, not detectable.
® n.d., not determined.

SDS-PAGE gel (data not shown). The apparent molecular
masses of rERMGL1 and 2 (Fig. 44, immunoblots using anti-
bodies against YEnMGL1 and 2 are shown) agreed well with
the predicted values (43.3 and 43.7 kDa, respectively, with 10
extra amino acids attached at the N terminus). Two-dimen-
sional PAGE (Fig. 4C, upper two panels; also see below) showed
that these rEnMGL isoenzymes had pls consistent with those
calculated (5.9 and 6.5, respectively). Gel filtration chromatog-
raphy showed that the molecular mass of the native forms of
rEhMGL! and 2 was 171-177 kDa (Fig. 34), indicating that
both rTEhMGL proteins form a homotetramer.

Enzymological Characterization of ERMGL Iscenzymes—
Both rEhMGL1 and 2 catalyzed a-, y- or a-, S-elimination of
L-methionine, pL-homocysteine, L-cysteine, and OAS, but not
L-cystathionine, to form a-keto acid, ammonia, and hydrogen
sulfide (from cysteine), methanethiol (from methionine) or ac-
etate (from OAS) (Tables I and II). The specific activity of
rEhMGL1 and 2 (e.g. 0.36 and 0.44 pumol/min/mg toward L-
methionine, respectively) was significantly lower than that of
recombinant MGLs from other organisms (e.g. rPpMGL, 45.3
pmo¥min/mg (43) and rTvMGL1/2, 10.4 * 0.31/0.67 = 0.05
pmol/min/mg (32), while the K, s for substrates were compara-
ble (0.9-3.4 muM) (Table II). Although EhMGL1 and 2 showed
moderate homology in their amino acid sequences to EcCBL,
HsCGL and HpCGS (shown above), L-cystathionine degrada-
tion by either rEhMGL1 or rEhMGL2 was negligible.

Marked differences in substrate specificity and specific ac-
tivity exist between EhMGL isotypes. rEhMGL1 preferentially
degraded L-methionine and DL-homocysteine and showed less
activity toward cysteine and OAS, whereas TEhMGL2 cata-
lyzed the degradation of these four amino acids with a compa-
rable efficiency. That is, the ratio of rERMGL1 activity toward
L-cysteine to that toward L-methionine was 0.20 whereas that
of rtEhMGL2 was 0.88. In addition, rEhMGL2 generally showed
1.8- to 8-fold higher level of specific activity than rEhMGLI1,
independent of substrates (Table II).

Inter-isotype differences in substrate specificity were previ-
ously reported for two MGL isozymes from T. vaginalis (32).
rTvMGL1 was shown to possess a broader subsirate range
than rTvMGL2; rTvMGL1 prefers methionine whereas
¥TvMGL2 is able to utilize methionine, homacysteine, QAS,
and cysteine at comparable levels (e.g. the ratio of activity
toward L-cysteine to that toward L-methionine was 0.58 for
rTvMGL1 whereas for rTvMGL2 it was 1.58). The most strik-
ing difference between the amebic and trichomonal MGLs was
that the latter have a strong preference toward homocysteine
{more than 30-fold higher activity for homocysteine than both
methionine and cysteine). Reactivity toward L-cystathionine
was absent in both the amebic and trichomonal MGLs. This is

in good contrast to a recombinant Pseudomonas MGL (43). It
should be noted that the recombinant TvMGLs and a native
form P. putida MGL (44) also lacked reactivity for L-cystathi-
onine, which may suggest that reactivity for L-cystathionine is
easily lost during purification or in case of ectopic expression
using the bacterial system.

The pIl optima for the two EhMGL isoenzymes were also
significantly different (Fig. 8B). Such isotype-dependent differ-
ences in the optimum pH have not previously been described
for MGLs in other organisms. This, together with the fact that
the two EhMGL isotypes show only 69% identity and have
distinet pl values, indicates that they may interact with differ-
ent proteins and also may be localized in distinct subcellular
compartments. Immunolocalization of each MGL isotype in
amebic transformants expressing epitope-tagged EhMGL1 and
2, which is now underway, should help to further clarify these
possibilities.

Next, in order to verify the stoichiometry of the reactions
catalyzed by rEhMGLs, individual products of r-methionine
catabolism, i.e. methanethiol, a-butyric acid, and ammonia,
were measured. Approximately equal amounts (within a range
of 2-fold) of these compounds were detected (Table I), verifying
that rEhMGLs possess comparable a- and y-lyase activities
against methionine,

We also examined whether EnMGL catalyzed the formation
of cystathionine from cysteine and, as a source of the homocys-
teine moiety, O-acetyl-L-homoserine or O-succinyl-L-homo-
serine (45), in a reaction known to be catalyzed by cystathi-
onine y-synthase. However, neither rEKMGL1 nor 2 catalyzed
these reactions (data not shown); instead, both enzymes used
L-cysteine as substrate for a-, B-elimination. Thus, given our
failure to find CBS, CGL, CGS, and CBL hemologs in the
genome data base, we concluded that, unlike other organisms,
E. histolytica lacks several key enzymes and their genes in-
volved in the forward and reverse trans-sulfuration reactions,

Inhibition of MGL by PPG—To better understand the bio-
chemical characteristics of ERMGL, we evaluated effects of
pL-propargylglycine (PPG), a potent inhibitor of the y-subfam-
ily of PLP-dependent enzymes (46, 47), on the recombinant
EhMGLs. Activity of both rEhMGL1 and 2 was inhibited by
PPG in an irreversible and slow-binding manner (Fig. 3, C and
D) with an apparent K; of 35 uM (for rEhMGL2)} with 5 min of
preincubation, which agreed well with a previous report on
human CGL (47).

We further assessed the effect of PPG on the parasite’s MGL
in cultures (Table I). The MGL activity of trophozoites was
almost completely inhibited (97.5%) when they were cultivated
in the BI-8-33 medium supplemented with 20 um PPG, while
control CS activity was not affected by PPG; control CS activity
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Fic. 4. Immunoblot analyses of the
native and recombinant EhMGL. 4,
immunoblot analysis showing relative
abundance and subcellular localization of
two isotypes of EhMGLs. Recombinant
EhMGL1 ({anes I and 6, 5 ng), recombi-
nant EhMGL2 (ignes 2 and 7, 5 ng), a
whole trophozoite lysate (lanes 3 and 8, 20
wg), a soluble fraction (lanes 4 and 9, 20
), and a pellet fraction (lanes 5 and I,
20 pg) were electrophoresed on 10% SDS-
PAGE gel, and subjected to immunoblot
analyses with either anti-EhMGL1 ({anes
1-5) or anti-EhMGL2 (lanes 6-10) anti-
body as described under “Experimental
Procedures.” B, elution profile of the na-
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antibody.
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from the trophozoites cultured without PPG (72.8 nmol/min/
mg) was comparable to that with PPG (69.4 nmol/min/mg).
Interestingly, growth inhibition of trophozoites was negligible
under these conditions (data not shown). Further, the growth
inhibition was less than 5% even at higher PPG concentrations
{up to 0.5 mu) (Fig. 5B).

These results suggest that MGL may not be essential for the
amebae cultured irn vitro using rich media. Considering the fact
that this parasite possesses only incomplete methionine-cys-
teine conversion (i.e. trans-sulfuration) pathways and also
lacks the cysteine degradation pathways present in other or-
ganisms, e.g. mammals, as described above, it is not understood
how toxic sulfur-containing amino acids are degraded in the
absence of MGL. A trace amount of MGL, together with other
unidentified enzymes, may compensate for the decrease of
MGL activity. It is also conceivable that the production of

80kDa

48kDa

35kDa

1 29kDa

70 B8R 80103

50 70 8b 901

a-keto acids, i.e. pyruvate and butyrate, by MGL may not be
essential in amebae in a nutrient-rich environment despite the
fact that these products are used to form acetyl-CoA and
a—propionic acid in a reaction catalyzed by pyruvate:ferre-
doxin oxidoreductase, and thus play a critical role in energy
production in anaerobic protozoa (48). Furthermore, the other
products of MGL, i.e. methanethicl and hydrogen sulfide,
which have been implicated in the pathogenesis of oral micro-
organisms (49, 50), may not be required for in vitro growth of
the amebic trophozoites. We are currently testing whether
MGL shows more detrimental effects on amebae in nutrient-
limited xenic cultures and also in anjmal intestine and liver
models.

Characterization of Native Form ERMGL Isotypes in E. his-
tolytica Trophozoites—Immunoblot analysis of the fractionated
trophozoite lysate using specific antibody against rEhMGL1
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Fic. 5. Effects of TFMET on the E. histolytica trophozoites. 4,
cytotoxic effects of TFMET and metronidazole on the E. histolytica
trophozoites, Trophozoites (1 X 10° cells/ml) were cultured with varicns
concentrations of TFMET (@) and metronidazole (O) in BI-S-33 for 18 h.
Numbers of live cells were assessed as described under “Experimental
Procedures.” Data shown are means = S.D. of four independent exper-
iments. B, amebicidal effect of TFMET was abolished by PPG. The
trophozoites were cultivated with various concentrations of TFMET
with (O) or without (@) 0.5 mM PPG. Percentages of the trophozoites
relative to the untreated control are shown. Data shown are means *
5.D. derived from four independent experiments.

or TEhMGL2 showed that both of the native EhMGL iso-
types were predominantly present in the eytosol fraction of the
E. histolytica trophozoites (Fig. 44). A quantitative estimate
using densitometric measurements of native EhMGL in the
trophozoite lysate with recombinant EhMGLs as controls re-
vealed that EhRMGL1 and 2 constitute ~0.05-0.1% of the total
soluble protein of the cell (Fig. 44, data for estimation not
shown), which agreed well with the activity in the crude extract
(Table I).

Fractionation of the whole trophozoite lysate by anion ex-
change chromatography, followed by the measurement of MGL
activity in each fraction, revealed two major peaks possessing
MGL activity (Fig. 44, fractions (frs.} 4-7 and 9-11). Immuno-
blot analyses using anti-EhMGL1 and 2 antibodies identified
the first and second peaks as EhMGL2 and EhMGL1, respec-
tively. To correlate the recombinant and native form EhMGLs
further, we subjected concentrated samples corresponding to
the first and second DEAE peaks (frs. 5 and 10) to two-dimen-
sional gel electrophoresis and immunoblotting. We identified a
single spot for each native EhMGL isotype on & two-dimen-
sional gel with measured pls that agreed well with theoretical
pls (6.01 for rEhKMGL1, 6.66 for rFEhMGL2). We also examined,

MGL from E. histolytica

by size exclusion chromatography, the subunit structure of
these native EhMGL isotypes obtained from the DEAE col-
umns., The apparent molecular mass of the native EnMGL1
and 2 was determined to be ~170 kDa (data not shown). These
results suggest, based on the size of the EhMGL monomers
observed on SDS-PAGE and two-dimensional gels, that the
native EkMGL1 and EhMGL2, similar to the recombinant pro-
teins, also form a homotetramer. This contrasts well to a native
MGL from T. vaginalis, which was suggested to form a het-
erotetramer (i.e. 2 molecules each of MGL1 and MGL2) (32).

Toxic Effects of TFMET on the Amebic Trophozoites—To
exploit MGL as a potential target to develop a new therapeutic
against the ameba, we tested if the methinonine analog triflu-
oromethionine (TFMET) shows an inhibitory effect on tropho-
zoite growth. TFMET, a fluorine substitution-containing ana-
log of methionine, is presumed to be catabolized by MGL to
form a-keto butyrate, ammonia, and trifluoromethanethiol.
Trifluoromethanethiol is non-enzymatically converted to car-
bonothionic difluoride (CSF;,), a potent cross-linker of primary
amine groups (51).

TFMET caused significant growth inhibition in the tropho-
zoites at concentrations as low as 20 uM. In addition, TFMET
showed not only a growth inhibitory effect, but also a notable
cytolytic effect on the trophozoites under the same condition;
e.g. trophozoites cultivated in the presence of 20 um of TFMET
were completely lysed within 72 h. The IC;, of TFMET (for the
growth inhibition) was determined to be 18 uM, which is
slightly higher than that of the most commonly used anti-
amebic drug metronidazole [1-(2-hydroxyethyl)-2-methyl-5-ni-
troimidazole], which showed an ICs of 7 uM under the same
conditions (Fig. 54). This amebicidal effect of TFMET was
completely abolished when the trophozoites were co-incubated
with 0.5 mum of PPG, an inhibitor of ERMGL (Fig. 5B). Under
the same conditions, PPG did not abolish the growth inhibition
by metronidazole (data not shown). These results strongly sup-
port the premise that catabolism of TFMET by MGL is a part
of the cytotoxic mechanism of TFMET in the trophozoites. We
should alsc note that the activity of CS, which is the major
PLP-dependent enzyme of this parasite, is not inhibited by up
to 100 uM PPG (data not shown), further supporting the pre-
mise that MGL is a major target of TFMET. The cytotoxic effect
of TFMET was also reported for T. vaginalis (52).

Finally, the lack of MGI in higher eukaryotes including
humans also highlights this enzyme as a suitable and attrac-
tive target for the development of a novel chemotherapeutic
agent against amebiasis. Combining conventional metronida-
zole and a new potent drug, e.g. TFMET, for the chemotherapy
of amebiasis patients should prevent the rise of metronidazole
resistance (53).
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Induction of permeability changes and death of vertebrate cells is
modulated by the virulence of Entamoeba spp. isolates

James A. Dvorak™*, Seiki Kobayashi®, Tomoyoshi Nozaki®¢, Tsutomu Takeuchi®,
Chizuko Matsubara®

*Laboratory of Malaria and Vector Biology, National Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD 20892-0425, USA
*Department of Tropical Medicine and Parasitology, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku,
Tokyo 160-8582, Japan
“Department of Parasitology, National Institute of Infectiows Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 160-8640, Japan
“Precursory Research for Embryonic Science and Technology, Japan Science and Technology Corporation, Kawaguchi, Japan
“Leica Microsystems K K., East Tower 7F, Gate City Osaki, 1-11-2, Osaki, Shinagawa-ku, Tokyo 141-0032, Japan

Received 18 October 2002; received in revised form 19 November 2002; accepted [9 November 2002

Abstract .

Although Entamoeba histolytica is capable of inducing an apoptotic response in vertebrate cells in vitro (Cell.
Microbiol. 2 (2000) 617}, it is not known whether vertebrate cell death requires direct amoeba-vertebrate cell contact
or simply the presence of amoebae in the area of the vertebrate cells. In addition, Entamoeba spp. vary in their
virulence and pathogenicity. The potential effects of these critical parameters also have not been elucidated. We tested
the virulent HM-1:IMSS isolate and the non-virulent Rahman isolate of E. histolytica, and the non-virulent E. dispar
CYNOI16:TPC isolate against two vertebrate cell lines, HeLa and Chinese hamster ovary cells in vitro using ethidium
homodimer as a fluorescent indicator of changes in vertebrate cell permeability. Fluorescence appeared in vertebrate
cell nuclei within approximately 2-3 min of contact between HM-1 amoebae and vertebrate cells independent of
vertebrate cell type. However, vertebrate cells in the immediate vicinity of but not contacted by HM-1 amoebae were
not affected. In contrast, although both E. histolytica Rahman and E. dispar CYNO16 amoebae moved freely among
and contacted vertebrate cells, the nuclei of the vertebrate cells never fluoresced implying that the cells remained
alive and impermeant to the ethidium homedimer. This is the first demonstration that direct contact between virulent
amoebae and vertebrate cells is required to kill vertebrate cells and that the process is restricted to virulent Entamoeba
isolates. An understanding at the molecular level of the processes involved could help to reduce the pathology
associated with this parasite.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.
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Amoebiasis caused by Entamoeba histolytica is
a major public health probiem in both developing
and developed countries worldwide [1,2]. How-
ever, there are marked differences in the virulence
and pathogenicity of E. histolytica isolates [3.4].
Furthermore, E. dispar, a non-pathogenic species,
also exists [5]. Various operational definitions of
virulence and pathogenicity of Entamoeba spp.
have been reported [6-8]. Recently, there has been
a focus on the ahility of E. histolytica to induce
an apoptotic response in vertebrate cells [9]. In
the report presented here, we demonstrate that the
ability to induce permeability changes in vertebrate
cells, indicative of cell death as demonstrated in
other host-parasite interactions [10], requires
amoeba—-vertebrate cell contact and is dependent
upon the known virulence of the Entamoeba
isolate. '

We used two isolates of E. histolytica, HM-
1:IMSS (ATCC 30459) clone 6 [11,12], and Rah-
man (ATCC 30886) [13] and one isolate of E.
dispar CYNO16:TPC {14]. Amoebae were main-
tained in BI-S-33 medium [15] supplemented with
15% bovine serum for the HM-1:MSS isolate and
10% bovine serum for the Rahman isolate. E
dispar was maintained in YIGADHA-S medium
supplemented with 15% bovine serum [16]. We
used two vertebrate celi lines, HeLa and Chinese
hamster ovary (CHO) cells grown in a humidified
atmosphere at 37 °C, 5% CO,. HeLa cells were
maintained in Dulbecco’s medium and CHO cells
were maintained in MEM medium and both media
were supplemented with 10% fetal calf serum. For
microscopy experiments, vertebrate cells were
seeded into culture chambers (Lab-Tek, Cat. No,
155379; Nalge Nunc International, Tokyo, Japan)
using 5—10% serum depending upon the amount
of cell growth required for the culture to be
subconfluent at the time of the experiment. In
preliminary experiments, we determined that both
amoebae and vertebrate cells survived with no
apparent morphologic changes and normal amoeba
motility for at Jeast 2 h in a 1:1 mixture of amoeba
and vertebrate cell culture media containing 10
uM ethidium homodimer (Cat No. E-3599, Molec-
ular Probes Inc., Eugene, OR), a live cell-imper-

meant dye. For assay by microscopy, amoeba were-

detached from the walls of the culture tube in

which they were growing by briefly cooling the
tube in an ice bath. Following detachment, an
equal volume of veriebrate cell culture medium
was added to 5000-10000 amoeba in amoeba
culture medium and 10 M ethidium homodimer
was added to the mixture. Culture medium was
removed by aspiration from the vertebrate cells in
the culture chambers and the amoeba—vertebrate
cell culture medium mixture containing amoebae
and ethidium homodimer was added to the cham-
ber, the time was recorded, and the cells were
observed for a period of approximately 2 h.
Microscopy was performed with a Leica DM IRE
2 inverted microscope equipped with a vertical
fluorescence illuminator and Leica DC350F digital
camera. Image analyses were performed using
ImagePro version 4.5 (Media Cybemetic, Silver
Spring, MD).

Amoeboid movement resumed after a minimum
of 5 min; the amoeba moved actively among and
on top of the vertebrate cells. However, there was
a remarkable difference in the interaction between
amoebae and vertebrate cells dependent upon
amoeba isolate. Within 45 min of mixing verte-
brate cells with the virulent E. histolytica HM-
1:IMSS isolate, the nuclei of vertebrate cells began
to display a red fluorescence indicating an uptake
of the ethidium homodimer (Fig. 1a and b). The

" fluorescence appeared within approximately 2-3

min of contact between amoebae and vertebrate
cells. This observation was repeatable and inde-
pendent of the vertebrate cell type (data not
shown). Vertebrate cells in the immediate vicinity
of amoebae but not contacted by amoebae did not
display fluorescent nuclei. Following the induction
of nuclear fluorescence, the vertebrate cells slowly
became detached from the substrate (Fig. lc—e)
and were eventually ingested by the amoebae (Fig.
1f). In contrast, although amoebae of both the E.
histolytica Rahman isolate and the E. dispar isolate
moved freely among and over the vertebrate cells,
no observable changes in the vertebrate cells
occurred over a 2 h observation period; the nuclei
of the vertebrate cells never fluoresced implying
that the cells remained alive and impermeant to
the ethidium homodimer {data not shown).

This is the first demonstration of amoeba-
induced changes in the permeability of vertebrate
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Fig. 1. Representative examples of the interaction between Entamoeba histolytica trophozoites and vertebrate cells. {a} An amoeba
(arrow) contacts three vertebrate cells. One of the cells at the trailing edge of the amosba was contacted first and the other two
cells at the leading edge of the amoeba are in the process of being contacted. The insert, at a two-fold higher magnification, shows
the presence of granules in the hyaline region of the advancing amoeba pseudopod at the point of contact between an amoeba and
a vertebrate cell. (b) same cells shown in a {above) but approximately 2 min later. The nuclens of two of the vertebrate cells, the
one in focus and the other out of focus have taken up the ethidium homodimer. The third vertebrate cell shown in the insert in
figure being contacted by the amoeba (arrow) but out of focus in this image is just beginning to display nuclear fluorescence; (c)
and (d) amoebae (arows) in contact with vertebrate cells which are beginning to display ethidium homodimer fluorescence and
retract from the floor of the culture chamber; {¢) amocba with the attached remmnants of 2 vertebrate cell displaying ethidium
homodimer fluorescence. The fioor of the culture chamber with attached vertebrate cells is out of focus; (f) living and motile
amoeba with fluorescent phagosome showing that the amoeba has ingested a dead vertebrate cell.
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cells resulting in the death of the vertebrate cells
following amoeba—vertebrate cell contact. The
exact mechanism of vertebrate cell death remains
to be determined. However, preliminary observa-
tions appear to indicate that as an amoeba touched
a vertebrate cell, granules appeared in the hyaline
region of the advancing amoeba pseudopod (cf.
Fig. 1, insert). Shortly thereafter, the nucleus of
the vertebrate cell began to fluoresce indicating an
uptake of ethidium homodimer. These observations
demonstrate that the cell was no longer imper-
meant to ethidium homodimer and was dying. It
is assumed that these granules might contain vir-
ulence factors of E. histolytica including ameba-
pore [17] and/or cysteine proteinases [18,19]. In
light of the marked metabolic differences (e.g.
anaerobic vs. aerobic) between Entamoeba spp.
and vertebrate cells [20-22] it is reasonable to
propose that it might be detrimental for amoebae
to ingest a living, aerobic cell which might damage
its own respiratory processes. Thus, virulent amaoe-
bae may have to ‘kill or biochemically inactivate
their prey’ as often occurs with higher animals to
protect themselves in this case from the potentially
toxic effects of their prey. If the same sequence of
events occurs in vivo as we observed in vitro it
might help to explain the localized lesions in the
liver and bowel resulting from infection with a
virulent form of E. histolytica and the absence of
equivalent pathology when infection occurs with a
non-virulent form of E. histolytica or E. dispar.
An understanding at the molecular level of the
processes involved in localized vertebrate cell
death resulting from contact with virulent amoeba
could help to reduce the pathology associated with
infection by this parasite.
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We previously produced human moneclonal antibody Fab fragments specific to Entamoeba histolytica in
Escherichia coli. In order to use these Fab fragments for diagnostic purposes, an expression vector to produce
a fusion protein of Fab and alkaline phosphatase (PhoA} in E. coii was designed and constructed. The E. coli
PhoA gene was fused to the 3' terminus of the gene encoding the heavy-chain Fd region. The kappa and Fd
genes from a previously prepared antibody clone, CP33, which is specific for the 260-kDa lectin of E. histolytica,
were used as human antibody genes. When the fusion protein of CP33 and PhoA was incubated with paraform-
aldehyde-fixed trophozoites of E. histolytica and developed with a substrate, the trophozoites appeared to be
stained. These resnlts demonstrate the feasibility of bacterial expression of a human monoclonal antibody-
PhoA conjugate specific for E. histolytica and that the antibody can be used to detect E. histolytica antigen
without the use of chemically conjugated secondary antibodies.

Amebiasis caused by infection with Entamoeba histolytica is
one of the most important parasitic diseases not only in devel-
oping countries but also in developed countries. It has been
estimated that 50 million people develop amebic colitis and
extraintestinal abscesses, resulting in 40,000 to 100,000 deaths
annually {3). Laboratory diagnosis of intestinal amebiasis is
usually based on the microscopic detection of the organism in
stool samples. However, nonpathogenic commensal Entamoe-
ba dispar, which is morphologically identical with but geneti-
cally distinct from E. histolytica, has been identified recently as
a separate species (9). Since treatment of E. dispar infection is
not required, accurate diagnostic tools to discriminate between
the two species are needed (3).

The application of monoclonal antibodies (MAbs) is one of
several strategies for specific and sensitive diagnoses of infec-
tious diseases. A number of MAbs which react specifically with
E. histolytica or E. dispar have been produced by hybridoma
technology (14, 16, 19-21). It has been reported that some
‘MADs were useful for detecting E. histolytica antigen in fecal
and serum samples by sandwich enzyme-linked immunosorbent
assay (1, 2, 11, 12). Recently, a new technology to produce a Fab
fragment or single-chain Fv fragment in Escherichia coli has been
established (4, 6, 15). The construction of vectors for the produc-
tion of Fab in E. colf has also been reported (22, 24). When mouse
immunoglobulin genes derived from a hybridoma producing E.
histolytica-specific MAbs were expressed in this system, the spec-
ificity of the recombinant mouse Fab was comparable to that of
the parent antibody (22). More recently, recombinant human
MAb Fab fragments specific for E. histolytica have also been
prepared from peripheral lymphocytes of a patient with an ame-
bic liver abscess and of an asymptomatic cyst carrier (8, 18, 23). In

* Corresponding author. Mailing address: Department of Infectious
Diseases, Tokai University School of Medicine, Bohseidai, Isehara,
Kanagawa 259-1193, Japan. Phone: 81 (463) 93-1121. Fax: 81 (463}
95-5450. E-mail: htachiba@is.icc.u-tokai.ac.jp.

216

order to use these human Fabs for diagnostic purposes, we report
here the bacterial expression of a human Fab-alkaline phos-
phatase (PhoA) conjugate specific for E. histolytica.

The phagemid vector pRPLS/Fabl (24) was digested with
restriction enzymes Norl and EcoRI. A synthetic DNA linker
consisting of two oligonuclectides (5'-GGCCGCAGGTGGC
GGAGGTTCTGGTGGCGGAGGTTCTGGTGGCGGAGG
TTCTAGACTCGAGTAAG-Y and 5'-AATTCTTACTCGAG
TCTAGAACCTCCGCCACCAGAACCTCCGCCACCAG
AACCTCCGCCACCTGC-3") was inserted into the NofI/EcoRI
site of pRPLS/Fabl, thus creating a 15-mer Gly4Ser linker and rec-
ognition site for Xbal and X70l. The resulting phagemid, pFab1-
L, was digested with restriction enzymes Xbal and Xfiol. To clone
the E. coli PhoA gene, E. coli XL1-Blue was alkali lysed, neu-
tralized, and subjected to PCR amplification. Two synthetic
primers (3'-CCTCTAGAGGTACCCCAGAAATGCCTGTT
CTAGAAA-3 and 5'-GGCTCGAGTTTAAGCCCCAGAG
CGGC-3') were used to amplify 1.45 kb of the PhoA. gene (17).
The amplified gene was digested with Xbal and Xhol and
subclonedinto the Xbal/Xholsite of pFabl-L, resulting in phage-
mid pFabl-PhoA. This phagemid, pFabl-PhoA, was digested
with Xhol and EcoRL. A synthetic DNA linker consisting of
two oligonucleotides (5'-TCGAGGGTGGCGGAGGTTCT
CATCACCATCACCATCACTAAG-3 and 5'-AATTCATGG
TGATGGTGATGGTGATGAGAACCTCCGCCACCC-3")
was inserted into the Xhol/EcoRI site of pFabl-PhoA, thus cre-
ating a 15-mer Gly,Ser linker and a His, tag. The resulting plas-
mid was named pFabl-PhoA-H (Fig. 1). _

As the source of human immunoglobulin genes, the kappa
and Fd genes from a previously prepared antibody clone, CP33
(23}, which is specific for the 260-kDa lectin of E. histolytica,
were used for production of the fusion protein. The DNA
fragment containing light- and heavy-chain genes was obtained
by Nhel/NodI digestion of pFabl-His2. The fragment was li-
gated with pFabl-PhoA-H and then introduced into compe-
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FIG. 1. Structure of plasmid vector pFabl-PhoA-H used for ex-
pression of the fusion protein of Fab and alkaline phosphatase. Genes
encoding the fight chain and the Fd region of the heavy chain are
ligated into the Nhei/dsclI and SAI/Not sites, respectively, tacSD, tac
promoter Shine-Dalgarno sequence; pelB, signal sequence of pectate
lyase of Erwinia carofovora; PhoA, gene for alkaline phosphatase;
His-tag, gene for hexahistidine tag; amp, gene for ampicillin resistance.

tent E. coli IM109. The bacteria were spread on Luria-Bertani
plates containing 50 pg of ampicillin per ml, and the vector
with the inserts was selected. The positive clone was caltured in
1 liter of super broth (30 g of tryptone, 20 g of yeast extract,
10 g of MOPS [morpholinepropanesuifonic acid] per liter [pH
7]) containing ampiciilin at 37°C until an optical density at 600
nm of 0.5 was achieved. Isopropyl—B-D-thiogalactopyranoside
was added to the cultures to a final concentration of 100 M,
and the cultures were then incubated at 30°C for 12 h to
achieve optimal expression. The bacteria were pelleted by cen-
trifugation at 6,000 X g for 20 min, suspended in 20 mi of
phosphate-buffered saline (PBS) containing 1 mM phenyl-
methylsulfonyl fluoride, and then sonicated, The lysates were
centrifuged at 12,000 X g for 30 min, and the supernatant was
filtered through 0.2-um-pore-size syringe filters (Twaki, Tokyo,
Japan). Purification of the fusion protein from the supernatant
was performed by affinity chromatography with HiseBind resin
(Novagen, Madison, Wis.} in accordance with the manufactur-
er’s instructions. Purified fusion protein was subjected to so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) as previously described (22). Western immunobiot
analysis was also performed as previously described (22). The
horseradish peroxidase (HRP)-conjugated goat immunoglob-
ulin G (IgG) fraction specific to the human kappa chain (Or-
ganon Teknica, Durham, N.C.) and HRP-conjugated rabbit
IgG fraction specific to alkaline phosphatase (Rockland, Gil-
bertsville, Pa.) were used for detection.

Approximately 2 X 10° trophozoites of £, histolytica HM-1:
IMSS cultured axenicaily in BI-S-33 medium (10) were incu-
bated on acetone-washed coverslips at 37°C for 30 min. The
trophozoites were fixed with 4% paraformaldehyde in PBS for
30 min and then washed three times with PBS. After blocking
with 5% bovine serum albumin was conducted for 15 min, the
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cells were incubated with the recombinant protein (50 pug/ml)
for 30 min. After the cells were washed with PBS, development
was conducted with a Vector red alkaline phosphatase sub-
strate kit I (Vector Laboratories, Burlingame, Calif)) for 30
min in accordance with the manufacturer’s instructions. Mi-
croscopic observation of the cells was performed under bright-
field and fluorescent conditions by using a Nikon (Tokyo, Ja-
pan) XF-EFD?2 fluorescence microscope.

SDS-PAGE analysis of the purified fusion protein of CP33
and PhoA revealed the expected sizes of two bands with ap-
parent molecular masses of 25 and 75 kDa, although minor
bands with apparent molecular masses of 30 kDa were also
present (Fig. 2A). With Western immunoblot analysis, the
25-kDa band was recognized by an anti-human kappa chain
goat antibody (Fig. 2B, lane 1). On the other hand, the 75-kDa
band was detected by an anti-PhoA rabbit antibody, indicating
that the molecule was a fusion protein of the Fd fragment and
PhoA (Fig. 2B, lane 2). When the fusion protein of Fab-PhoA
was incubated with paraformaldehyde-fixed trophozoites of
E. histolytica and developed with the substrate, the surfaces of
the trophozoites were stained clearly under both bright-field
and fluorescent conditions (Fig. 3).

Recombinant human antibodies have been developed re-

ETCN

20

10-

FIG. 2. SDS-PAGE (A) and Western immunoblot (B) analyses of
a purified fusion protein of human Fab CP33 and alkaline phospha-
tase. (A) Two micrograms of the protein was subjected to analysis in
10% gel under reducing conditions and then stained with Coomassie
brilliant blue. Lane 1, molecular size markers (BenchMark protein
ladder; Life Technologies, Gaithersburg, Md.); lane 2, purified CP33-
PhoA. Numbers fo the left indicate molecular masses of the markers
(in kilodaltons). {B) Protein bands were transferred to a polyvinylidene
difiuoride membrane. Lane 1 was treated with HRP-labeled anti-hy-
man kappa chain goat antibody. Lane 2 was treated with HRP-labeled
anti-PhoA rabbit antibody,
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FIG. 3. Immunocytochemistry of E. histolytica with a fusion protein
of human Fab CP33 and alkaline phosphatase. Paraformaldehyde-
fixed trophozoites were treated with the fusion protein (A and B) and
then with the substrate Vector red. As the controls (C and D), tro-
phozoites were treated with a supernatant of E. coli lysates (vector
control), (A and C) Bright-field microscopy; (B and D) fluorescence
microscopy with a green filter. Magnification, X360

cently for application in immunoprophylaxis, or the treatment
of infectious diseases. Although such human antibodies would
also be useful for diagnostic purposes, one of the disadvantages
of the use of human antibodies for the detection of pathogens
in buman samples might be reactivity of endogenous immuno-
globulins with the secondary anti-human antibodies used in
indirect methods. Therefore, direct labeling of the human an-
tibody with enzymes is needed to reduce nonspecific binding of
the second antibody. It was reported recently that immuno-
globulin genes derived from murine hybridoma cells could be
expressed in E. coli as fusion protein Fab-PhoA (7, 25) or scFv-
PhoA (5, 7, 13, 17). The present study demonstrates that the
bacterial expression of a human MAb-PhoA conjugate specific
for E. histolytica is also possible. In addition to the advantage of
using the antibody to detect the E. histolytica antigen without
the need for chemically conjugated secondary antibodies, there
is no requirement for experimental animals or reagents and
equipment for the culture and cryopreservation of hybridoma
cells. Accordingly, the use of this human recombinant antibody
also provides an economic benefit.

The antigen recognized with CP33 was the heavy subunit of
the galactose- and N-acetyl-p-galactosamine-inhibitable lectin
of E. histolytica (23). It is well known that this lectin molecule
is suitable as a target antigen for the detection of E. histolytica
in fecal and serum samples (1, 2, 11, 12). In conclusion, we
propose here that the human Fab-PhoA fusion protein can be
used in the diagnosis of amebiasis.
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A combinatorial human immunoglobulin gene library was constructed from peripheral lymphocytes of an
asymptomatic Entamoeba histolytica cyst passer and screened for the production of Fab antibody to the
parasite. One of the Fab clones, CP33, recognized the 260-kDa galactose- and N-acetyl-p-galactosamine
(Gal/GalNAc)-specific lectin of E. kistolytica. By shuffling the heavy and light chains of CP33 with the heavy and
light chains of two libraries derived from the cyst passer and a liver abscess patient, 18 additional clones were
obtained. Sequence analysis of the heavy-chain genes, including CP33-H, revealed that all the nearest V-
segment germ lines belonged to the VH3 family (VH3.21, VH3-30, VH3-48, and VH3-53), but the levels of
homeology were only 85 to 95%. The closest D-segment germ line was D2-2 or D6-6, and for the J-segment the
closest germ line was JH4b or JH6b. On the other hand, all the light-chaia genes, including CP33.L, belonged
to the Vkl family, in which the closest Vi germ line gene was 02/012 or LS, with the Jkl, Jk2, Jxd, or Jx5
segment. CP33 and three other Fabs obtained by light-chain shuffling were purified and analyzed further. All

of these Fabs recognized the cysteine-rich domain of

Preincubation of E. histolytica trophozoites with these

erythrophagocytosis for the first time implicates the lectin

the 170-kDa heavy subunit of the Gal/GalNAc lectin.

Fabs sigpificantly inhibited amebic adherence to Chinese
hamster ovary cells and also inhibited erythrophagocytosis. The ability of the neutralizing antibodies to block

in phagocytosis and VH3 antibodies in defense

against parasitic infections. These results demonstrate the utility of a combinatorial human immunoglobulin

gene library for identifying and characterizing neutralizing

antibodies from humans with amebiasis.

Worldwide, the intestinal protozoan parasite Entamoeba his-
tolytica causes an estimated 50 million cases of amebic colitis
and liver abscess annually, resulting in up to 110,000 deaths
(48). The ability of E. histolytica trophozoites to invade the
colon and other tissues depends on several pathogenic factors.
One of the most important factors is the galactose (Gal)- and
N-acetyl-D-galactosamine (GalNAc)-inhibitable cell surface lectin
of the ameba. The lectin mediates adherence of trophozoites
to human colonic mucins, colonic epithelial cells, neutrophils,
and erythrocytes (4, 7, 18,24, 37, 38). The Gal/GalNAc lectin
is also important in the cytolytic event that follows adherence.
The amebic lectin is a 260-kDa hetrodimeric glycoprotein com-
posed of 170-kDa heavy and 35- or 31-kDa light subunits (32).
In addition, a 150-kDa intermediate subunit of the lectin also
contributes to adherence (8, 12). Immunization of experimen-
tal animals with these lectin subunits provides protection from
liver abscess formation (10, 25, 27, 34, 50). Such protection is
also observed after passive immunization with a mouse mono-
clonal antibody to the intermediate subunit lectin (11).

Recently, it has been shown that E. histolytica-specific hu-
man monoclonal antibody Fab fragments can be prepared
from the peripheral iymphocytes of a patient with an amebic
liver abscess (9, 42). One of the clones which recognized the

* Corresponding author. Mailing address: Department of Infectious
Diseases, Tokai University School of Medicine, Isehara, Kanagawa
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260-kDa Gal/GalNAc lectin inhibited the adherence of tropho-
zoites to mammalian cells (9). Successful cloning of the active
fragments might be due to the patient’s high antibody titer to
E. histolytica.

There are also clinically asymptomatic individuals, which
pass E. histolytica cysts in their stools. Most of the cyst passers
have a positive serology for the ameba, although their antibody
titers are low (44). In such cyst passers, there may be protective
antibodies that block invasion of trophozoites into tissues.
However, little is known about the immune response to E.
histolytica in asymptomatic cyst passers. Therefore, molecular
analysis of the immune response to the amebic lectin is impor-
tant for understanding protective immunity and for vaccine
development. We report here molecular cloning of immuno-
globulins specific for the E. histolvtica Gal/GalNAc lectin, The
clones were derived from the peripheral lymphocytes of an
asymptomatic cyst passer. We also report possible recombina-
tion and bacterial expression of antibody genes from both
aymptomatic and symptomatic individuals.

MATERIALS AND METHODS

Cultivation of parasites. Trophozoites of 10 strains of £. histolytica {HM-1:
IMSS, HK-9, 200:NIH, HB-301:NIH, H-302:NIH, H-303:NIH, DKB, C-3-2-1,
SAW1627, and SAW755CR) were axenically grown in BI-5-33 medium (16).
Trophozoites of Entamoeba dispar SAW1734RclAR were cultured monoxeni-
cally with Pseudomonas aeruginosa in BCSI-S medium {22). Trophozoites were
washed three times with ice-cold 10 mM phosphate-buffered saline (PBS) (pH
7.4) before they were used.
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Construction of immuneglobulin gene library. Ten milliliters of peripheral
blood was collected from the asymptomatic cyst passer. Cysts detected in the
feces had been identified specifically as E. histolytica by PCR. The serum was
positive for E, hisrolytica with a titer of 1:64 (bordetline positive), as determined
by an indirect fluorescent-antibody (IFA) test. Lymphocytes were separated from
the blood by Ficoll-Paque {Pharmacia, Uppsala, Sweden) density gradient cen-
trifugation, RNA was isolated from the lymphocytes with an RNeasy total RNA
purification kit (QIAGEN GmbH, Hilden, Germany). Reverse transcriptase
PCR was performed with a GeneAmp RNA PCR kit (Perkin-Elmer Cetus,
Norwalk, Conn.) according to the manufacturer’s instructions. An oligo(dT)s
primer was used for cDNA synthesis. Genes encoding the x and A light chains
and the Fd region of the v heavy chain were amplified as previously described
(42). Thirty-five cycles of PCR were performed as follows: denaturation at 94°C
for 1 min {5 min in cycle 1), annealing at S0°C for 2 min, and polymerization at
72°C for 3 min {10 min in cycle 35). The light-chain genes were first ligated with
an expression vector, pFabl-His2 (46), and then introduced into XI.1-Blue
Epicurian Coli (Stratagene, La Jolla, Calif.). The vector with inserts was selected,
and then the Fd heavy-chain genes were ligated into the vector and introduced
into the bacteria.

Expression of immunoglobulin genes and screening of clones producing an-
ti-E. histolytica antibodies. Screening of positive ciones was performed as previ-
ously deseribed (9). The expression vector containing light-chain and Fd heavy-
chain genes was introduced into competent Escherichiacoli JM109. Approximately
10° to 3 X 10 colonies per 90-mm plate were grown on Luria-Bertani agar plates
containing 50 pg of ampicillin per ml at 37°C. Colonies were transferred to
nitroceflulose fillers and then incubzted on fresh plates containing 1 mM iso-
propyl--p-thiogalactopyranoside (IPTG) and ampicillin at 30°C for 6 h. Each
filter was treated with chloroform vapor and then incubated with lysis buffer (100
mM Tris-HCI [pH 7.5}, 150 mM NaCl, 5 mM MpCl,, 1.5% bovine serum albu-
min, 1 pg of DNase per mi, 40 pg of lysozyme per ml) overnight. After washing
with PBS containing 0.05% Tween 20 {PBS-Tween), the filter was incubated in
PBS-Tween containing 5% skim milk and then with 400 pg of soluble E. histo-
iwica antigen prepared from trophozoites of the HM-1:IMSS strain per ml. After
washing, the filter was incubated with horseradish peroxidase (HRP)-conjugated
antibody purified from the plasima of a patient with an amebic liver abscess. The
filter was washed and then developed with a Konica immunostaining kit (HRP-
1000; Konica Co., Tokyo, Japan). Positive clones were identified in original
plates and then cultured in 5 ml of super broth (30 g of tryptone per liter, 20 g
of yeast extract per liter, 10 g of morpholinepropanesulfonic acid [MOPS] per
liter; pH 7} containing ampicillin until an optical density at 660 nm of 0.6 to 0.7
was obtained, IPTG, at a final concentration of 100 pM, was added to the
bacterial cultures, which were then incubated at 30°C for 14 h. The bacteria were
pelleted by centrifugation, suspended in 250 ul of FBS containing 1 mM phe-
nylmethylsulionyl fluoride, and then sonicated. The lysates were centrifuged at
12,000 X g for 10 min, and the supernatant was subjected to a second screesing
by performing an IFA test with intact trophozoites.

IFA test. The IFA test, with live intact trophozoites (45) or formalin-fixed
trophozoites smeared on glass slides (43), was performed as previously described.
Fluorescein isothiocyanate-conjugated goat immunoglobulin G (IgG) to human
IgG Fab (Organon Teknica Co., Durham, N.C.) was used as the secand antibody.

Shuffiing of light- and heavy-chain genes ané rescreening. The light-chain
gene of the positive clone was replaced with light-chain genes from the library
constructed from the asymptomatic cyst passer. The light-chain-shuffied plasmid
containing the cloned Fd heavy chain was introduced into the bacteria and then
screened again. The Fd heavy chain of the positive clone was als replaced with
the library's heavy-chain genes and screened again. Another immunoglobulin
library, prepared from a patient with an amebic liver abscess (9), was also used
as a source of light- and heavy-chain genes. Positive clones were subjected to a
second screening by the IFA test. Light- and heavy-chain genes of clones positive
in the second screening were amplified by PCR, digested with Mbol, Rsal, Dral,
Hinfl, and Haelll and with Mbol, Rsal, and Alul, respectively, and then com-
pared by performing electrophoresis in an agarose gel.

ELISA. The soluble antigen derived fram E. Fistolytica trophozoites, which was
used for screening clones, was also used for an enzyme-finked immunosorbent
assay (ELISA), The wells of the ELISA plates, containing 5 g of antigen diluted
with 50 mM sodium bicarbonate buffer (pH 9.6), were incubated overnight at
4°C. The plates were washed with PBS-Tween and then treated with PBS con-
taining 3% skim milk for 1 h. For use in the ELISA, positive clones of bacleria
were cultured in 10 m! of medium, and then 0.5 ml of the resuliant supernatant
was prepared as described above. One hundred microliters of the supernatant
was added 1o the wells and incubated for 1 h at room temperature. After the
wells were washed, they were incubated with 100 wl of HRP-conjugated sheep
anibody 1o human 1gG F(ab‘); (ICN Pharmaceuticals, Aurora, Ghio} for 1 hat
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room temperature. After they were washed with PBS-Tween, they were incu-
bated with 200 ! of a substrate solution (0.4 mg of o-phenylenediamine per ml
in citric acid-phosphate buffer [pH 5.0] containing 0.001% hydrogen peroxide).
After 30 min of incubation, the reaction was stopped by addition of 50 ul of 2.5
M H,S0., and the optical density at 490 nm was determined with a model 550
microplate reader {Bio-Rad, Hercules, Calif.).

DNA sequencing. Cloned light-chain genes and Fd heavy-chain genes were
recloned into sequencing vectors. Cycle sequencing in both directions was per-
formed with Thermo Sequenase (Amersham Life Science, Cleavland, Ohio) by
using M13 primers. Reactions were performed with a model 4000L automated
DNA sequencer (LI-COR, Lincoln, Nebr.}.

Purification of Fabs. Positive clones were cultured in 1 liter of medium.
Twenty milliliters of each resultant supernatant, prepared as described above,
was filtered through 0.22-pm-pore-size filters and used for purification of Fab
fragments. Purification of Fabs was performed by affinity chromatography by
using HisBind Resin (Novagen, Madison, Wis.) according to the manufacturer's
instructions.

$SDS-PAGE and Western immunoblot analysis. Purified Fab fragments and
trophozoites of E. histolytica HM-1:1MSS in PBS were solubilized with an equal
volume of the sample buffer (23) containing 2 mM phenylmethylsulfonyl fiuo-
ride, 2 mM N-a-p-tosyl-L-lysine chioromethy] ketone, 2 mM p-hydroxymercuri-
pheny! sulfonic acid, and 4 pM leupeptin for 5 min at 95°C. After centrifugation,
the supernatant was subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Western immunoblot analysis was performed as
previously described (43). HRP-conjugated sheep antibody to human IgG
F(ab'}), (ICN Pharmaceuticals) was vsed as the second antibody. Development
was with a Konica HRP-1000 immunostaining kit.

Dot immunoblot analysis. Affinity-purified 260-kDa Gal/GalNAc lectin and
the recombinant protein of the cysteine-rich domain in the 170-kDa heavy
subunit of the lectin (rLecA), prepared as previously described (28), were used
for a dot immunoblot analysis. One microgram of each of these antigens in PBS
was spotted onto a nitroceliulose membrane and air dried. Each spot on the
membrane was blocked for 30 min with PBS containing 3% skim milk and then
incubated with 2 pg of each Fab for 1 h at room temperature. As controls,
normal human Fab (OEM Concepts, Toms River, N.I.), antibody purified from
the plasma of a patient with an amebic liver abscess, and rabbit antibody to the
260-kDa lectin were used. After the membrane was washed three times with
PBS-Tween, it was incubated with HRP-conjugated sheep antibody to human
IgG F(ab’); or HRP-conjugated goat antibody to rabbit IgG (ICN Pharmaceu-
ticals). After washing, each antibody-bound dot was detected with a Konica
HRP-1600 immunostaining kit.

Determination of affinity constant. Affinity measurement of purified Fabs by
surface plasmon resonance was carried out by using a BIAcore 3000 instrument
(Biacore AB, Uppsala, Sweden) according to the general procedure outlined by
the manufacturer, Affinity-purified 260-kDa Gal/GalNAc lectin and rLecA were
immobilized onto a CM5 chip (Biacore) surface at a low density by amine
coupling chemistry, Affinity constants were determined by using the software
provided by the manufacturer, BlAevalvation 3.1, '

Adherence assay. Adherence of E. histolytica to Chinese hamster ovary (CHO)
ceils was evaluated as previously described (49). Briefly, trophozoites (10 cells)
of the HM-1:IMSS strain were incubated with 100 wg of each Fab for 1 h at 4°C,
washed with ice-cold PBS, and then suspended in Ham's F12 nutrient mixture
containing 1% adult bovine serum. As a control, normal human Fab (OEM
Concepts) was used. The trophozoites and CHO cells (2 X 10° cells) were
suspended in 1 mt of the Ham'’s F12 nutrient mixture, centrifuged, and then
incubated at 4°C for 2 h. After removal of (.8 m] of supernatant, the pellet was
gently vortexed, and the number of trophozoites with at least three adherent
CHO cells was determined by examining 300 trophozoites.

Erythrophagocytosis assay. Erythrophagocytosis of E. histolytica was assayed
as previously described (47), Briefiy, trophozoites ( 107 celis) of HM-1:1MSS were
exposed to 100 pg of each Fab at 37°C for 30 min and then washed with ice-cold
PBS. Normal human Fab (OEM Concepis) was also used as a control. The
erythrophagocytosis assay was performed by mixing the Fab-treated trophozoites
with 10% human erythrocytes and then incubating the preparation at 37°C for 5
min. After lysis of free and adherent erythrocytes by addition of distilled water,
the trophozoites were fixed and stained with a 3,3"-diaminobenzidine solution
containing hydrogen peroxide. The number of erythrocyles ingested was deter-
mined by examining 300 trophozoites.

Nucleotide sequence accession number. The nucleolide sequence dala re-
ported here have been deposited in the DDBI, EMBL, and GenBank databases
under accession numbers ABUYS272 to AB(95291.



HUMAN ANTIBODIES TO E. HISTOLYTICA LECTIN 4315

VoL. 71, 2003
FR1 CDR1 FRZ CDRZ
CP33-B  EVKLMESGGGVVQPGRSLRLSCAASGFRFS TYAIH WVRQAPGRGLEWVA RISHDGSQTHYADSVQG
H-CPI  0.0.K...e.LuKeoGuvenovoueeaToro DFSHN vuuenrnvnnens S S.TATSVYLK..... R.
HoCP4  DuDu0iucranaruanancsonsnasenes senns snnnneneneanss savennsaionsnmens
H-CP5 ceLQuvemmmmmmm o Vet JTUN SNHMS oeenrrnrnn.. § I.YSA-GI.Y.....K.
HeCPE  oiviBevuuDLLnueGuvnnssanans T, ... MH vvennnnnnns § ¥..5GSGTIY..... K.
B-LAS  ..... e e e e e reae e e,
FR3 CDR3 FR4
CP33-H RPGVSRDNSNYTAYVOLNSLREDDTAVYFCAR AYSSTP---DYGMDV WGQGTAVTVSS
H-CP1  ..TI..... DNSV.L.MTNVSGE. . ... Y... DGGGRBASGY..... ..... T.....
HoCP@ ittimnsnnnsnensononnrurrncasans tasesomminnnene sonneneans
H-CP5  ..TI..... EN.LFL.M..... - S ¥... GKY.P§—-IG.YF.Y .....
H-CP6  ..TI....ARNSVSL.M....GE..... Y... GERFEM~-—-APF.Y ..... ) A
HoLBS  oovnennnsvennnnsnssocsssnnntnns sonenemmmusacne seanennonns

FIG. 1. Deduced amino acid sequences for genes coding for heavy

framework regions. ‘The dashes and dots indicate deletions and identical residues, respectively.
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-chain variable regions of human anti-E. histolytice Fab fragments. FR,

RESULTS

Cloning of recombinant Fab with E. histolytica. The combi-
natorial immunoglobulin gene library constructed from periph-
eral lymphocytes of an asymptomatic E. histolytica cyst passer
contained 9.6 X 10° clones. When 6.32 X 10* clones were
screened by colony blotting, 6 clones (0.0095%) showed posi-
tive signals. In the second screening performed by IFA with
intact cells, two clones were positive. Since one of the positive
clones, designated CP33, was reactive with the 260-kDa Gal/
GalNAc lectin in a preliminary dot immunoblot analysis, this
clone was analyzed further.

Chain shuffling of the recombirant Fab. To find other
heavy- and light-chain genes which constitute antilectin Fab
fragments with light- and heavy-chain genes of CP33, the li-
braries from the asymptomatic cyst passer (CP library) and the
amebic liver abscess patient (LA library) were screened again
after shuffling of heavy- and light-chain genes of CP33 with
genes from the two libraries. Many positive signals were de-
tected after chain shuffiing. When the light-chain gene of CP33
was shuffled, the positive rates in the colony blot screening
were 10- or 20-fold higher than those in the shuffling analysis
of the heavy-chain genes (1.92 and 0.19%, respectively, for the
LA library; 0.96 and 0.047%, respectively, for the CP library).
In addition, when the LA library was used as the source of
immunoglobulin genes, the positive rates were two- or fourfold
higher than those obtained with the CP library (1.92 and
0.96%, respectively, for light-chain shuffling; 0.19 and 0.047%,
respectively, for heavy-chain shuffling). All positive clones
were secondarily screened with an IFA by using formalin-fixed
trophozoites of E. histolytica HM-1:IMSS, and then the genes
of IFA-positive clones were compared by restriction enzyme
digestion. Based on the digestion patterns, 12 clones of the
light-chain genes and four clones of the heavy-chain genes
were identified as different from each other and also different
from the light- and heavy-chain genes of CP33. Clones that
showed the same digestion pattern as CP33 but were derived
from the LA library were also selected. When more than two
clones showed the same digestion pattern, the clone with the

strongest IFA reactivity was selected. The reactivities of 18
selected clones to E. histolytica antigen were compared by
ELISA. Three of 13 Fabs obtained by shuffling of light chains,
CP33-H/L-CP17, CP33-H/L-CP26, and CP33-H/L-LA22, showed
relatively high reactivity compared with the reactivity of CP33.
The relative optical densities for these Fabs were 1.61. 1.26,
and 1.42, respectively, when the optical density of CP33 was
defined as 1. Two of the light chains (L-CP17 and L-CP26)
were derived from the cyst passer, and one (L-LA22) was
derived from the patient with a liver abscess. The reactivities of
the five Fabs obtained by shuffling of the heavy chain were
similar to or lower than the reactivity of CP33; the relative
optical densities were between 0.71 and 0.95.

Gene analysis of recombinant Fabs. Six heavy-chain genes
and 14 light-chain genes were sequenced, and the deduced
ammino acid sequences that they encode were compared. In the
heavy chains, H-LAS derived from the patient with a liver
abscess was identical to CP33-H (Fig. 1). H-CP4 aiso was
almost identical to CP33-H except for the FRI region. In
L-LAZ2, the sequence of complementarity-determining re-
gions (CDRs} was identical to that in CP33-L (Fig. 2). The
difference between L-CP17 and CP33-L in the CDRs was only
one amino acid residue in CDR3. In L-CP26, three residues in
CDR! and four residues in CDR3 differed from residues in
CP33-L. The sequence homology of these clones with germ
lines was analyzed by using IgBLAST at the National Center
for Biotechnology Information (http://www.ncbi.nlm.nih.gov
fighlast/) and V-QUEST at the intemational ImMunoGeneTics
database (http://imgt.cines.fr:8104/textes/vquest/). As shown in
Table 1, sequence analysis of the heavy-chain genes revealed
that all of the most similar germ line of V-segments belonged
to the VH3 family (VH3-21, VH3-30, VH3-48, or VH3-53).
However, the level of amino acid homology with the germ line
was low, 76% in CP33-H and H-LAS. The most similar germ
line for the D-segment was D2-2 or D6-6, except for H-CP1,
which was not identified, and the most similar germ line for the
J-segment was either JH4b or JH6b. In contrast, all the light
chains belonged to the V1 family, in which the most similar
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FIG. 2. Deduced amino acid sequences for genes coding for light-
chain variable regions of human anti-E. histolytica Fab fragments. FR,
framework regions, The dashes and dots indicate deletions and iden-
tical residues, respectively.

Vk germ line was 02/012 or L5, with relatively high homology
{Table 2). For the Jk segments, Jx1, Jx2, and Jx5 were com-
bined with 02/012, and J«1, Jk2, and Jk4 were combined with
L5.
Specificity of recombinant Fabs. CP33 and the three Fabs
which showed high reactivity in ELISA (CP33-H/E-CP17,
CP33-H/L-CP26, and CP33-H/L-LA22) were purified by His
affinity column chromatography. SDS-PAGE demonstrated

TABLE 1. Comparison of gene usage and structural homologies for
heavy-chain variable regions of anti-E. hisiolytica Fab fragments

V-segment
cl Cl % Homology
one VH osest with germline: D-segment  J-segment
family glgrm —_—_—
né DNA  Protein
CP33-H VH3 VH3-30 85 76 D2-2 JH6b
H-CF1 VH3 VH3-21 88 80 ND# JH6b
H-CP4 VH3 VH3-30 83 78 D2-2 JH6b
H-CP5 VH3 VH3-53 92 87 Do6-6 JH4b
H-CP6 VH3 VH3-438 95 88 D2-2 JH4b
H-LAS VH3 VH3-30 85 76 D2-2 JHob

“ ND, not determined.
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TABLE 2. Comparison of gene usage and structural homelogies for
light-chain variable regions of anti-E. histolytica Fab fragments

V-segment
% Homology 3 cepment
Clone VL family  Closest germ line ~ With germline: Bren
DNA  Protein

CP33-L Vkl 02/012 98 95 Ix5
L-CP% Vil L5 97 95 Tr4
L-CP13 Vil 02/012 97 95 Jrl
L-CP17 Vil 02/012 99 100 Jx2
L-CP26 Vel 15 97 93 Ikl
L-1A2 Vil L5 94 90 T4
L-LA3 Vil L5 98 94 IS
L-LAS Vkl L5 95 90 Jrd
L-LA1D Vi 02/012 99 97 Ik2
L-LAll Vil 02/012 96 92 w2
L1Al12 Vil L5 93 85 Tkl
L-LAL4 Vil LS 95 92 Tkl
L-LA18 Vil 02/012 98 93 Jk5
L-LA22 Vil 02/012 99 98 Tl

that the molar ratio of two bands with apparent molecular
masses of 25 and 24 kDa was 1:1, suggesting the heterodimeric
structure of Fab. These four Fabs reacted with all 10 strains of
E. histolytica trophozoites, but not with E. dispar trophozoites,
in IFA when fixed cells were used {data not shown). To identify
the E. histolytica antigen recognized by these Fabs, a Western
immunoblot analysis was performed. Under nonreducing con-
ditions, four Fabs were reactive only with a 260-kDa antigen
(Fig. 3). To identify the antigen, a dot immunoblot analysis was
carried out. Four Fabs reacted with the affinity-purified 260-
kDa Gal/GalNAc lectin and also with the cysteine-rich domain

of the heavy subunit of the lectin (Fig. 4).

Affinity of recombinant Fabs. The affinity of the Fabs to the
lectin was measured by surface plasmon resonance. The assc-
ciation constants for the four Fabs with the 260-kDa lectin
ranged from 1,06 X 10°% to 2.85 x 10° M~ (Table 3). Although
the affinity values for rLecA were low, they ranged from 6.43 X
107 to 1.29 x 108 M~?, CP33-H/L-CP26 and CP33-H/L-LA22
showed higher affinity than CP33 and CP33-H/L-CP17 showed.

Neutralizing activity of recombinant Fabs. To evaluate the
function of the four Fabs, their effects on amebic adherence to
CHO cells were examined. In a normal human Fab-treated
control, the level of adherence of trophozoites to CHO cells
was 53.8%. After pretreatment of trophozoites with 100 pg of
the antilectin Fabs, the level of adherence significantly de-
creased by 57 to 65% (P < 0.001). The effect of the Fabs on
erythrophagocytosis by E. histolytica was also evaluated. When
amebae were pretreated with 100 pg of the Fabs, the number
of trophozoites ingesting erythrocytes and the number of
erythrocytes ingested were significantly decreased (Table 4).
No significant differences in inhibitory effects on adherence
and erythrophagocytosis were seen among the four Fabs,

DISCUSSION

Our findings demonstrate that neutralizing human antibod-
ies to amebic adherence and erythraphagocytosis can be pre-
pared from an immunoglobulin gene library derived from an
asymptomatic cyst passer infected with E. histolytica but not



