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Abstract
The parasite Entamoeba histolytica is the cause of amoebic dysentery and liver abscess in humans. On the protozoan cell 
surface, a variety of glycosylated molecules are involved in the interaction with the environment, such as attachment to 
the colonic mucus. One of these molecules is the lipopeptidophosphoglycan (LPPG), a complex surface component with 
antigenic properties. Its structure is only partly known, it is a glycosylphosphatidylinositol (GPI)-linked glycoprotein with 
a large amount of O-glycosylation. To date, the sequence of a core protein has not been identified. In this study, we further 
investigated this complex surface molecule aided by the availability of the monoclonal antibody EH5, which had been raised 
in our laboratory. We studied the extraction of LPPG in various solvent mixtures and discovered that 2-butanol saturated 
water was simple and superior to other solvents used in the past. The isolated LPPG was subjected to treatment with several 
proteases and the Ser/Thr specific cleavage agent scandium (III) trifluoromethanesulfonate (scandium triflate). The products 
were probed with antibody EH5 and the blots showed that the LPPG preparation was largely resistant to standard proteases, 
but could be cleaved by the scandium compound. These observations could point to the existence of a Ser- or Thr-rich core 
protein structure.
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Introduction

Entamoeba histolytica, a protozoan parasite, is the causa-
tive agent of amoebic colitis and amoebic liver abscess in 
humans. E. histolytica trophozoites inhabit the lumen of 
the colon feeding on microbiota and glycans of the outer 
mucus layer (Leon-Coria et al. 2020). The parasite interacts 
with the enteric environment via various surface molecules, 
such as glycoproteins or proteophosphoglycans. The major 
and best studied surface protein is the Gal/GalNAc lectin, a 
complex of a heavy, light and intermediate subunit binding 
to galactose and N-acetylgalactosamine (GalNAc) of the 

human mucus and enterocytes (Frederick and Petri 2005). It 
constitutes the main player in adhesion and signal transduc-
tion (Vines et al. 1998) and LecA, a 578 residue fragment 
of the heavy chain, was investigated as a candidate for a 
vaccine against E. histolytica (Barroso et al. 2014).

A further important surface molecule and the focus of 
this study is the lipopeptidophosphoglycan (LPPG). It was 
originally isolated and localised by Isibasi et al. (Isibasi 
et  al. 1982a, b). Subsequently, monoclonal antibodies 
against E. histolytica glycoconjugates were developed. In 
one study, the material was reported as resistant to pronase 
treatment (Prasad et al. 1992), in another study (Stanley 
et al. 1992) the material was sensitive to pronase treatment, 
showing the uncertainty about the absence or presence of a 
peptide component. Further, it was discovered that LPPG 
was highly expressed in axenic amoebic strains but not, or 
very little, in strains with associated bacteria (Bhattacha-
rya et al. 1992a), or in the less virulent E. dispar (Marinets 
et al. 1997; Bhattacharya et al. 2000). LPPG is not present 
in other Entamoeba species such as E. moshkovskii or E. 
invadens (Srivastava et al. 1995). In our lab, monoclonal 
antibodies were raised against a membrane fraction of E. 
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histolytica. The antibody called EH5 was binding to LPPG, 
it was able to protect immunocompromised mice against 
amoebic liver abscess (Marinets et al. 1997), and human 
intestinal xenografts against inflammation and tissue damage 
(Zhang et al. 2002). Later, it was discovered with the help 
of mimotope libraries that EH5 bound to a motif with the 
consensus sequence Gly-Thr-His-Pro-X-Leu (Melzer et al. 
2002). At the same time, Moody-Haupt et al. gave structural 
insights into the glycan parts of LPPG (in this study termed 
PPG), showing that LPPG is a glycosylphosphatidylinositol 
(GPI)-anchored protein with extensive glycosylation com-
prising dextran-like side chains that are O-linked to serine 
residues of the core protein via phosphodiester bonds and a 
core galactose residue (Moody-Haupt et al. 2000). Another 
unusual feature of the molecule is the presence of two forms 
of phosphatidylinositol EhPIa and EhPIb where EhPIb car-
ries an additional fatty acid modification on the inositol ring 
(Lotter et al. 2009). Surprisingly, until now, a polypeptide 
backbone of LPPG has not been identified.

Several immunological activities of LPPG were discov-
ered, so LPPG can induce the formation of human neu-
trophil extracellular traps (Ávila et al. 2016). Moreover, a 
synthetic analogue of the phosphatidylinositol anchor of 
LPPG, EhPIb, has immunostimulatory effects, which can 
be exploited to fight against Leishmania infections in vitro 
and in vivo (Choy et al. 2017; Fehling et al. 2020).

Isolation of LPPG from E. histolytica trophozoites was 
originally performed by hot phenol-water extraction (Isibasi 
et al. 1982a), but was also achieved by an optimised, multi-
step chloroform–methanol-water extraction followed by treat-
ment with solvent E, a solvent composed of water, ethanol, 
diethyl ether, pyridine and ammonium hydroxide (Bhattacha-
rya et al. 1992b). More recent studies combined an ultracen-
trifugation step with chloroform–methanol-water delipidation 
and a subsequent phenol-water extraction for LPPG isolation 
(Lotter et al. 2009; Ávila et al. 2016). Those isolation methods 
are lengthy and require the usage of several toxic chemicals.

In this study, we found that 2-butanol-saturated water was 
a suitable agent to extract LPPG from whole E. histolytica 
trophozoites. The extracted material was subjected to several 
proteases and a chemical agent with different preferential 
cleavage sites, and the products were examined in western 
blots using the antibody EH5. Only the Lewis acid scandium 
triflate completely destroyed the epitopes of LPPG. No pep-
tide fragments suitable for mass spectrometry were generated.

Materials and methods

Parasite culture

Entamoeba histolytica HM-1:IMSS trophozoites were cultured 
anaerobically at 37 °C in TYI-S-33 medium (Diamond et al. 

1978) supplemented with 10% (v/v) complement-inactivated, 
bovine serum, 1% (v/v) penicillin/streptomycin solution (10,000 
units penicillin and 10 mg/ml streptomycin; Sigma-Aldrich, 
USA) and 3% (v/v) of vitamin mixture (Diamond Vitamin 
Tween 80 Solution, SAFC Biosciences, KA, USA). The 
trophozoites were sub-cultured 1:7 in 12.5  cm2 tissue culture 
flasks (Corning, USA) twice a week under sterile conditions.

LPPG extraction with the solvent E

LPPG was extracted as described before (Prasad et al. 
1992). Briefly, 1 ×  106 E. histolytica trophozoites were 
harvested 24 h after sub-culturing and washed twice with 
cold 1 × PBS. Subsequently, the cell suspension was cen-
trifuged, and the resulting cell pellet was extracted with 
1 ml chloroform/methanol (3:2) mixed with 200 µl of 
4 mM  MgCl2, then with 1 ml of chloroform/methanol/
water (10:10:3) together with 1 ml of chloroform/metha-
nol (1:1) and finally, with 1 ml chloroform/methanol/water 
(10:10:3). The resulting pellet was extracted with 1 ml of 
solvent E, a mixture of water, ethanol, diethyl ether, pyri-
dine and ammonium hydroxide (15:15:5:1:0.017) (Turco 
et al. 1984). The resulting LPPG extract was dried in a 
vacuum concentrator. Extractions were performed at least 
twice in independent experiments.

LPPG extraction by hot phenol‑water solution

E. histolytica trophozoites (1 ×  107) were harvested 
48 h after sub-culturing and washed twice with cold 
1 × PBS. A 1:1 phenol-water solution (w/v) was pre-
pared at 70 °C, in which the E. histolytica cells were 
incubated for 30 min. Subsequently, the preparation was 
cooled down to room temperature and centrifuged at 
5500 × g for 30 min at 4 °C. Finally, the upper aqueous 
phase containing LPPG and glycans was collected and 
dialysed against 2-butanol-water (1:1) overnight at 4 °C 
before the extract was dried in a vacuum concentrator. 
Extractions were performed at least twice in independ-
ent experiments.

LPPG extraction by alcohol‑water solutions

E. histolytica trophozoites were harvested 48 h after sub-
culturing and washed twice with cold 1 × PBS. For each 
condition, 5 ×  105 trophozoites were pelleted and subse-
quently resuspended in 750 µl of the respective alcohol-
water solution (Fig. 1). The alcohols and water were mixed 
1:1 (v/v) at room temperature. In case of phase separa-
tion (C4 upwards), the lower aqueous phase was used. 
The cell suspension was vortexed for 10 s and centrifuged 
for 10 min at 12,000 rpm, 4 °C. The resulting superna-
tant was dried in a vacuum concentrator. Cell pellets and 



Parasitology Research (2024) 123:138 Page 3 of 9 138

dried supernatant samples were resuspended in 1 × PBS 
and mixed with 4 × Laemmli sample buffer for SDS-PAGE 
and western blot analysis. Extractions were performed at 
least twice in independent experiments.

SDS‑PAGE and western blot

Each sample was separated on a 12.5% SDS–polyacrylamide 
gel. Protein transfer from the gel to a PVDF membrane (Bio-
Rad) was achieved by using a wet blotting system. Follow-
ing the transfer, the membrane was blocked in 3% (w/v) BSA 
and subsequently incubated in the primary antibody solution 
(1:20,000 dilution in 3% BSA) containing the mouse monoclo-
nal EH5 antibody. The blots were washed three times in tris-
buffered saline with Tween 20. The secondary alkaline phos-
phate-coupled goat anti-mouse antibody (Sigma, A3562) was 
then applied in a 1:10,000 dilution and finally, after washing 

as above, the blot was stained with 5-bromo-4-chloro-3-indolyl 
phosphate (BCIP) and nitro blue tetrazolium (NBT) in a buffer 
containing 100 mM Tris–HCl, pH 9.5, 100 mM NaCl and 
5 mM  MgCl2 for 5 min.

Susceptibility of LPPG to proteases and scandium 
triflate

Investigation on the proteolytic and scandium triflate 
sensitivity of LPPG was carried out using the 2-butanol 
saturated water and the hot phenol-water extracts prepared 
as described above. The dried extracts were resuspended 
in 100 µl of the respective digestion buffer and incubated 
with 1 µg of each protease or 0.5–10 mM of scandium 
triflate. The product number, manufacturer of the various 
cleavage agents, as well as the digestion conditions and 
buffers are summarised in Table 1 below.

Fig. 1  E. histolytica LPPG was extracted with water saturated either 
with 3-methyl-1-butanol, 2-methyl-1-propanol, 1-butanol, 2-butanol, 
or 1:1 (v/v) mixtures of the water-soluble alcohols 1-propanol or 
2-propanol. Here the extraction with 2-butanol saturated water is 
shown, which turned out to be the best procedure. Water is saturated 

with 2-butanol and added to the pelleted E. histolytica trophozoites, 
vigorously mixed and centrifuged to separate LPPG from insoluble 
cell components. The supernatant is subsequently dried in a vacuum 
concentrator for western blot analysis
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Results

LPPG can be extracted by a variety of alcohol‑water 
solutions

LPPG is less hydrophobic than many other membrane 
components but less hydrophilic than typical intracel-
lular proteins. To develop a quick and easy extraction 
method for E. histolytica LPPG, various simple alcohol-
water mixtures with graded hydrophobicity were put into 
consideration. Five ×  105 trophozoites were dissolved in 
water (1), with the aqueous phase of water mixed 1:1 of 
2-methyl-1-propanol (isobutanol) (2), water mixed 1:1 
with 1-propanol (3), or 2-propanol (4), or the aqueous 
phases of water mixed with 3-methyl-1-butanol (isoa-
mylalcohol) (5), 1-butanol (6), or 2-butanol (7). Western 
blot analysis of the resulting supernatants and pellets 
samples with antibody EH5 (Fig. 2a, b) shows that LPPG 
was efficiently extracted from the amoebic membranes by 
2-methyl-1-propanol, 1-butanol, and 2-butanol saturated 
water solutions. On the other hand, the solutions contain-
ing 1-propanol, 2-propanol, and 3-methyl-1-butanol solu-
bilised LPPG from the trophozoite membranes very poorly 
and LPPG remained in the cell pellet (Fig. 2b). Water 
saturated with any of the three butanols was superior to 
any other solvents with marginal differences between the 
butanols. We then decided to use 2-butanol saturated water 
for the further investigations.

Figure 2c shows a comparison of two long-established 
LPPG extraction methods and the 2-butanol water LPPG 
extraction (lane 3). The 2-butanol saturated water results in 
a highly diffuse band from 30 to 180 kDa, whereas delipi-
dation with subsequent extraction by solvent E generates 
an even more extended band from 15 to 130 kDa (lane 1). 
Lane 2 shows LPPG extracted by hot phenol-water, which 
exhibits a wide band similar to the 2-butanol saturated water 
extract from 35 to 190 kDa and a distinct additional band 
from 18 to 23 kDa.

Although the LPPG always migrated as a broad smear, the 
signals differed among the extraction methods. Of course, 
the LPPG is not a single molecule but contains molecules 
with varying numbers and lengths of the dextran-like side 
chains. The extraction methods may be more or less favour-
able for some of these. In addition, limited digestion may 
occur during the extraction procedures. This points again to 
the need for the identification of the core structure.

LPPG exhibits resistance to various natural 
proteases but is sensitive to scandium triflate

LPPG from E. histolytica trophozoites was extracted with 
2-butanol saturated water or phenol-water. The extracts 
were subsequently incubated with trypsin (1), chymotrypsin 
(2), proteinase K (3), thermolysin (4), Aspergillus protease 
(5), pronase (6) or scandium triflate (7). The western blot 
analysis of extracts with 2-butanol-saturated water clearly 
shows that neither natural protease was able to fully degrade 
LPPG (Fig. 3a). Nevertheless, proteinase K and thermolysin 
slightly digested the bands around 100–180 kDa, and pro-
nase strongly decreased the intensity of the signal over its 
whole length and additionally, led to the appearance of two 
bands slightly above 35 kDa.

LPPG extracted by phenol-water showed a band of about 
130–180 kDa and another of 30–55 kDa, which reacted simi-
lar with the treatments (Fig. 3b). Trypsin, chymotrypsin and 
thermolysin did not change the appearance of LPPG on the 
western blot, while proteinase K slightly reduced the inten-
sity of the 130–180 kDa band. Aspergillus protease led to 
a downward shift of both bands, while pronase completely 
cut the 130–180 kDa band. In contrast, both LPPG extracts 
could be efficiently cleaved by scandium triflate.

Degradation of LPPG with scandium triflate

Further investigation showed that LPPG degradation due 
to scandium triflate is occurring in a dose-dependent 

Table 1  Product number, manufacturers, digestion conditions and buffers for digestion of extracted LPPG. Digestions were performed at least 
twice in independent experiments

Compound Product Nr Digestion condition Digestion buffer

Type I Trypsin from bovine pancreas T8003, Sigma 2 h, 37 °C 50 mM Tris–HCl pH 8.0, 0.5 mM  CaCl2
alpha-Chymotrypsin
from bovine pancreas

C4129, Sigma 2 h, 37 °C 50 mM Tris–HCl pH 8.0, 0.5 mM  CaCl2

Proteinase K from Tritirachium album P2308, Sigma 2 h, 37 °C 50 mM Tris–HCl pH 8.0, 0.5 mM  CaCl2
Thermolysin
metalloproteinase

V4001, Promega 2 h, 75 °C 50 mM Tris–HCl pH 8.0, 0.5 mM  CaCl2

Type XIII protease from Aspergillus saitoi P2143, Sigma 2 h, 37 °C 50 mM glycine–HCl pH 2.8
Pronase from Streptomyces griseus 53702, Merck 16 h, 37 °C 50 mM  K2HPO4, pH 7.5
Scandium triflate 483354, Sigma 2 h, 60 °C 50 mM Tris–HCl pH 8.0, 0.5 mM  CaCl2
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manner. While 5 mM was enough to degrade all LPPG 
in the previous experiment (Fig. 3a), it was not enough 
in another 2-butanol saturated water extraction (Fig. 4a). 
The same was observed with LPPG extracted by phenol-
water (Fig. 4b). Figure 4a clearly shows that the dose-
dependent degradation of LPPG by scandium triflate 
ranges from 2 mM (slight degradation) to 10 mM (close 
to total degradation). The 2-butanol saturated water extract 
experiences a little downward shift of the 37–55 kDa band 
to 20–40 kDa in the samples incubated with 4–10 mM 
scandium triflate. In comparison, the phenol-water extract 
changes from consisting of two bands to one continuous 
band (0.5 mM), which even intensifies at 1 mM scan-
dium triflate. At 3 mM and 5 mM scandium triflate, the 
smear from 40 to 180 kDa diminishes while the lower part 
(20–40 kDa) remains. At 7 mM, the phenol-water extract 

has nearly vanished. Thus, LPPG extracted by both meth-
ods can be successfully cleaved by approximately 10 mM 
of scandium triflate.

Discussion

Extraction of membrane proteins can be achieved by mul-
tiple ways depending on their properties. Unfortunately, 
there is no standard procedure as they constitute a heterolo-
gous group of molecules (Smith 2011). LPPG belongs to 
the lipid-anchored proteins due to the insertion of its GPI-
anchor in the cell membrane (Moody-Haupt et al. 2000). The 
ability to extract and solubilise LPPG is not an easy task, 
as it is a complex molecule with hydrophilic sugar residues 
and a hydrophobic, lipid membrane anchor. Classical LPPG 

Fig. 2  Extraction of LPPG from E. histolytica trophozoites. Compari-
son of alcohol-water (1:1) solutions for extraction of LPPG from 5 × 
 105 E. histolytica trophozoites (a, b). The solutions were: water (1), 
water saturated with 2-methyl-1-propanol (2), water mixed 1:1 (v/v) 
with 1-propanol (3) or 2-propanol (4), water saturated with 3-methyl-
1-butanol (5), 1-butanol (6), or 2-butanol (7). The solutions (1), (3), 
(4) and (5) were not sufficiently able to extract LPPG from the E. his-
tolytica cells, resulting in EH5 signal in the pellet samples (b). The 

solutions of butanols (2), (6) and (7) completely solubilised LPPG 
from the amoebae, as virtually all the EH5 signal could be found in 
the supernatant (a). Comparison of three LPPG extraction methods 
(c): Delipidation with subsequent solvent E extraction (1), phenol-
water extraction (2) and 2-butanol saturated water extraction (3). 
Western blot analysis was performed with the anti-LPPG EH5 mono-
clonal antibody
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extraction methods include the usage of tedious protocols 
and harmful chemicals. Some methods were adapted from 
bacterial LPS extraction procedures using hot phenol-water 
(Westphal and Jann 1965), others from Leishmania donovani 
LPG extraction with solvent E (Turco et al. 1984). Most 
groups also include a delipidation step based on the lipid 
extraction method by Bligh and Dyer (Bligh and Dyer 1959). 
During the preparation of this manuscript, we found that 
a chemically very different material of similar hydropho-
bicity as E. histolytica LPPG, a lipophosphonoglycan, was 
extracted from Acanthamoeba castellanii using water satu-
rated with 1-butanol (Korn et al. 1974).

In this paper, we investigated the ability of organic solvent 
mixtures, in particular water mixed with simple alcohols, to 
extract E. histolytica LPPG from the trophozoite membranes 
in a simple and quick way. We could improve LPPG 
extraction to a simple and fast protocol (Fig. 1). The western 
blot analysis with the anti-LPPG antibody EH5 shows that 
water saturated with 2-methyl-1-propanol, 1-butanol and 
2-butanol were the superior solutions for LPPG extraction 
as most LPPG could be detected in the cell supernatant 
(Fig. 2a) but not in the pellet (Fig. 2b). Apparently, water 
saturated with butanol had the ideal hydrophobicity for 
solubilising LPPG.

Fig. 3  Exposure of LPPG to 
various cleavage agents. LPPG 
is considerably resistant to a 
variety of natural proteases 
trypsin (1), chymotrypsin (2), 
proteinase K (3), thermolysin 
(4), Aspergillus protease (5), 
and pronase (6), while it is 
degraded by the chemical cleav-
age agent scandium triflate (7). 
The untreated LPPG extract is 
shown in (8). The upper blot (a) 
shows the LPPG extracted by 
2-butanol saturated water and 
the lower blot (b) the LPPG 
extracted by hot phenol-water. 
Western blot analysis was per-
formed with the anti-LPPG EH5 
monoclonal antibody
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Subsequently, we performed further experiments with the 
2-butanol saturated water extracted LPPG and, as a com-
parison, the phenol-water extracted LPPG. Treatment of the 
LPPG extract with a variety of proteases with different sub-
strate specificities was aimed to generate identifiable protein 
fragments and to give us insights on the composition of the 
LPPG protein core. Trypsin, chymotrypsin and proteinase 
K are all classified as serine proteases but exhibit different 

cleavage preferences. Trypsin targets amino acid residues 
with basic side chains, e.g. lysine or arginine, chymotrypsin 
on the other hand cleaves proteins with aromatic or hydro-
phobic side chains such as methionine, tryptophan or tyros-
ine (Rodriguez et al. 2008; Uliana et al. 2021). Proteinase 
K has broad substrate specificity and is used inter alia for 
inactivation of nucleases during the isolation of nucleic 
acids. The results show that incubation of LPPG in 2-butanol 
saturated water and hot phenol extracts with trypsin and chy-
motrypsin (Fig. 3a, b, lanes 1–2) led to little to none visible 
degradation. Proteinase K (Fig. 3a, b, lanes 3) slightly weak-
ened the top bands of LPPG with little changes otherwise. 
Thermolysin, with a high digestion temperature of 75 °C, 
theoretically cleaves proteins at the N-terminus of leucine, 
phenylalanine, valine, isoleucine, alanine and methionine 
(Feder 1967). In the LPPG in the 2-butanol saturated water 
extract, only the top bands were slightly reduced by ther-
molysin (Fig. 3a, lane 4), no digestion was observed in the 
LPPG extracted by hot phenol (Fig. 3b, lane 4). Incubation 
of LPPG with the protease from Aspergillus saitoi (Fig. 3a, 
b, lanes 5) resulted in both extracts in partial degradation 
leading to decreases in molecular mass. On the one hand, 
this might be attributed to the protease’s β-glucosidase func-
tion (Nishinoaki et al. 2008) which is also present in the 
preparation from Sigma we used. On the other hand, the 
low pH of 2.8 in the Aspergillus protease digestion buffer is 
not far from the pH 1.7 of the mild acid digestion of LPPG 
as described before (Bhattacharya et al. 1992b). This could 
also explain the partial digestion of the LPPG.

Pronase, a non-specific protease mixture from Streptomy-
ces griseus (Narahashi et al. 1968) gave the most complex 
results. In our hands, it was able to degrade a large por-
tion of LPPG (Fig. 3a, 3, lanes 6) as found before (Stanley 
et al. 1992), but with more complex band patterns. Pronase 
degradation of the 2-butanol saturated water extract addi-
tionally led to the appearance of two bands with a size of 
approximately 37 kDa (Fig. 3a, lane 6). In comparison, the 
phenol-water extracted LPPG mainly lost the large bands 
from 130 to 180 kDa. Although pronase is mainly a pro-
tease mixture, it is also known to liquefy mucins (Wesley 
et al. 1985), which are highly glycosylated glycoproteins like 
LPPG; however, in this case, pronase probably attacks the 
protein domains of mucins. In contrast, pronase is even able 
to digest pure glycans such as chitosan (Kumar et al. 2004). 
Taken together, important questions remain open about the 
action of Aspergillus protease and pronase on LPPG.

The observation that the classical proteases did not cleave 
LPPG could, on the one hand, suggest that the sugar side 
chains of LPPG possibly mask the protein core, thus pre-
venting protease digestion. On the other hand, it could also 
be conceivable that its protein core consists of amino acid 
residues other than the recognition sequences of the pro-
teases used. Amino acids not recognised by the proteases 

Fig. 4  Cleavage of LPPG by scandium triflate. 2-butanol saturated 
water (a) and phenol-water extracts (b) were incubated with increas-
ing concentrations of scandium triflate for 2 hours at 60°C, resulting 
in increasing degradation of LPPG. Western blot analysis was per-
formed with the anti-LPPG EH5 monoclonal antibody
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are, for example, serine or threonine. The hypothesis of a 
serine-rich protein core could be supported by LPPG degra-
dation by scandium triflate (Fig. 3a, b, lanes 7). This Lewis 
acid was shown to cut proteins predominately at serine and 
threonine residues (Koehler and Thiede 2020). The suscep-
tibility of LPPG to scandium triflate could be explained by 
multiple cleavages leading to small fragments that are lost 
during the blotting process resulting in loss of reactivity 
with antibody EH5.

Based on the hypothesis of a highly serine-rich core pro-
tein, the E. histolytica HM-1:IMSS database was searched 
by BlastP (https:// blast. ncbi. nlm. nih. gov/ Blast. cgi? PAGE= 
Prote ins) for a stretch of 30 serine residues, revealing an 
unusual gene product (XP_001914036) comprising a pre-
dicted amino-terminal signal peptide followed by an unin-
terrupted stretch of 120 serine residues. This gene product 
might be hypothesized to be the very unusual LPPG core 
protein. Although this may be an interesting candidate, so 
far we cannot provide any evidence supporting this claim.

Mass spectrometric attempts to identify fragments of 
the core protein via multiple combinations of purification 
(e.g., filtration, C18, non-porous graphitized column, cation 
exchange columns) and degradation treatments (e.g., scan-
dium triflate, dextranase, phosphoinositide phospholipase 
C (PI-PLC), hydrofluoric acid (HF), trifluoroacetic acid 
(TFA)) were unsuccessful. Taken together, so far there is no 
solid evidence for the existence of a core protein.

Our investigations demonstrate a new method to effi-
ciently extract LPPG from E. histolytica by 2-butanol satu-
rated water, which facilitated further research on this impor-
tant antigen. The additional observations about its resistance 
to commonly used proteases and in turn, sensitivity to scan-
dium triflate, once more emphasizes the complexity of the 
LPPG molecule and the challenges to discover its hypotheti-
cal Ser- or Thr-rich protein core. Although our work allowed 
us to identify a candidate, a number of further experiments 
are needed to support or to abandon this claim.
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