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A GBP 130 Derived Peptide from Plasmodium falciparum
Binds to Human Erythrocytes and Inhibits Merozoite
Invasion in Vitro

Jorge E Suarez, Mauricio Urquiza, Hernando Curtidor, Luis E Rodriguez, Marisol
Ocampo, Elizabeth Torres, Fanny Guzman, Manuel Elkin Patarroyo*

Instituto de Inmunologia, Hospital San Juan de Dios, Universidad Nacional de Colombia, AA 44709,
Bogotéa, Colombia

The malarial GBP 130 protein binds weakly to intact human erythrocytes; the binding sites seem to
be located in the repeat region and this region’s antibodies block the merozoite invasion. A peptide
from this region (residues from 701 to 720) which binds to human erythrocytes was identified. This
peptide named 2220 did not bind to sialic acid; the binding site on human erythrocyte was affected by
treatment with trypsin but not by chymotrypsin. The peptide was able to Plarmodium falciparum
merozoite invasion of erythrocytes. The residuesyF K;ga L7gs, T7060 E713
(EYKILTNTDPNCEVERDNAD) were found to be critical for peptide binding to erythrocytes.
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Interactions betweeRlasmodium falciparum recombinant fusion protein containing 4.5 of the
merozoite and erythrocyte proteins are essenti&D-amino acid repetitive units from GBP 130 inhibit
for the parasite’s survival. Inhibition of these interin vitro merozoite invasion into erythrocytes
actions is one of the main strategies for malariéKochan et al. 1986). Furthermore, immunization of
control. Merozoite proteins involved in erythrocytesplenectomized Saimiri monkeys with parasite pro-
recognition, binding and invasion are specific tarteins induces a protective immune response against
gets for the development of effective weapon®. falciparum(Dubois et al. 1984), in which the main
against malaria (Camus & Hadley 1985, Kochan etntigen is a 96 kDa thermostable protein that was
al. 1986, Perkins & Rocco 1988). first described in 1984 as GBP 130 (Bonnefoy et al.

One of these erythrocyte binding proteins 14988, 1994). GBP 130 is also recognized by antibod-
the glycophorin binding protein (GBP 130) (Perkinses involved in the formation of “Immune Clusters
1984), which contains 11 highly conserved 50-resbf Merozoites” when thé. falciparumparasites
due-long repeats and a charged 225-residue-loage cultured in the presence of immune sera from
N-terminal region. GBP 130 binds weakly intactAotusmonkeys (Lyon et al. 1986, 1989, Chulay et al.
human erythrocytes and this binding is not signifi1987). On the contrary, a three repeat (GBP3R) re-
cantly modified by erythrocyte neuraminidase treateombinant protein was not recognized by these an-
ment (Perkins 1988). GBP 130 binds to glycophoritibodies; also immunization éfotusmonkeys with
coupled to an acrylamide matrix (Perkins 1984). Althis protein provided no protection whatsoever
though the specificity of its binding has been quegAronson et al. 1991).
tioned (Van Scharavendijk et al. 1987), the binding In order to identify GBP 130 sequences relevant
sites seem to be located in the repeat region, simeits binding to human erythrocytes, sequential
this region alone is able to bind to glycophorimon-overlapping 20 mer peptides, spanning the
(Kochan et al. 1986). Antibodies raised against antire sequence (Kochan et al. 1986), were synthe-
sized and tested in erythrocyte binding assay. A
peptide (named 2220) with a high binding activity
to erythrocytes was identified. This peptide has a
- : ~ 150 nM affinity constant and is located in the GBP
This research project was supported by the Presidengg( repeat region. The binding activity of this pep-
ﬁf thlteh Rceﬁ“.b"c of Coéot';:b'g' the Ml'_”'s"y OfRPII'belﬁ tide is not dependent on erythrocyte-sialic acid.
s:;i‘atién oiciencias and the Lerman Leprosy Relet ASrne hinding of this peptide to trypsin treated eryth-

y rocyte is affected, but not by chymotrypsin. This
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MATERIALS AND METHODS treated with trypsin (Sigma T-1005) or chymotrypsin

Peptide synthesisPeptides were synthesized(Si_%Jma C-4129) at a final concentration of 100 ug
by the solid phase method (Merrifield 1963MI~ &t 28C for 1 h. They were then washed with
Houghten 1985) with 100 mg p-methy/ benzy-TBS buffer containing 0.1 mM EDTA and 0.1 mM
hydrylamine resin (substitution 0.74 me§ gStan- PMSF (Camus & Hadley 1985).‘ These erythrocytes
dard No t-Boc protected amino acids were emVere used in binding assay witkit-labeled pep-
ployed (Bachem). Peptides were cleaved by tHide 2220. ition bindi d id
Low-High HF technique (Tam et al. 1983), purified, COMPpetition binding assayln order to iden-
by RP-HPLC and freeze-dried. tify the residues involved in peptide binding to

Amino acid analysis was performed on all peperythrocyt.es, acompetition bln_dlng assay was car-
tides and amino acid sequence on those haviljlgd out with peptide 2220*glye|ne analogues (Fig.
high binding activity. In order to allow radiolabel- %J- Human'erythrocytgfz 1*8in 100 pl were in-
ing of peptides which did not contain a Tyr resi-C“zatE??]W'th 20 nl\g -Iabelfed pﬁptlde 2%20|
due, the underlined residue was replaced with T{@"d With 0, 100 and 800 nM of each non-radiola-
(Fig. 1); replacements are based on volumetric aitf!ed analogue peptide for 1 h at room tempera-
charge analysis. ture. The erythrocytes were then washed five times

Radiolabeling Peptides were labeled witBet ~ With 25 volume of PBS. The assay was done in
by the chloramine T method (Urquiza et al. 1996)Er|pllcate. It was considered that a (_:rltlcal amino
3.2 ul Nd23 (17.2 mCi ugl) was oxidized with acid replacement had taken plece in any peptide
28 g chloramine T and added to 5 pg of peptid@_nalo?ge which was not able to inhibit at least 50%
The reaction was stopped by addition of 14 ug s&f the Y-labeled 2220 peptide binding.
dium bisulfite in isotonic PBS (pH 7.4). The radiola-__Nvasion and development inhibition assays
beled peptide was purified by passage throughTahe peptlde_s were tested forthelr ability to ]nhlblt
sephadex G-10 column. erythrocyte invasion by merozoites. For this pur-

Screening assayIncreasing concentrations of POS€in vitro P. falciparumFCB-2 strain cultures
radiolabeled peptide (16-100 nM) were added to g\ere used. A synchronized culture, in schl_zont stage
human erythrocyte suspension (331@lis), in the (!rager & Jensen 1976), was seeded in 96-well
absence (total binding) or presence (non-specifflates with non-infected erythrocytes and with the
binding) of unlabeled peptide (1.25 uM), and incuP€Ptide (200 UM final concentration, a final hemat-
bated for 1 h at room temperature (Urquiza et al. 199 crit of 1.5% and a final parasitemia of 1.2%). After
After incubation, cells were washed five times wit |8 h, the gylture su%ejrngtanthwas remq\lﬁl?f gnd com-
isotonic PBS. The specific binding was calculate§'€t€ media was added with 1.33 pCrnaif *H-
as the difference between total and non-specific binYPoxanthine. Plates were then incubated for 30 h
ing. For each peptide, the slope of the specific bin@"d harvested in fiberglas filters. To determine the
ing curve (specific bound CPM/ total added CPMfi€velopment inhibition capacity, a simultaneous
was calculated (Fig. 1). Based on previous studie@SS@y was performed under similar conditions, but
peptides with slope values greater than or equal RgPtides were ar(]]!ded at the rrllng-stagg afftter syr;]-
2%, were considered as being high specific binding/"onization. Schizonts were harvested after 30
activity (HSBA) (Urquiza et al. 1996). f development inhibition test incubation. Two cri-

The binding assay with erythrocytes from othef€fi@ Were used to assess invasion and develop-
speciesAotusmonkeys, rabbits, horses, goats, an'€Nt: (1) the amount of newly formed rings was
chickens) was performed under the same expeff€términed by measuring the incorporatioritdf
mental conditions. For saturation assays, 3*10YPoxanthine (metabolic labeling of rings); (2) al-
cells were incubated in 140 pl and radiolabeled pefnatively, the number of newly formed rings was
tide concentration ranged from 20 to 400 nM.  detérmined by microscopic examination in Giemsa

Treatment of erythrocytes with neuraminidasatained thin smears. Routinely, 10,000 erythrocytes
- Erythrocytes (20% hematocrit, in buffer containWere examined and the percentage was calculated.
ing 5 mM sodium acetate, 140 mM NaCl, 10 mM RESULTS
CaCl,, and 0.1 mM PMSF, pH 5.1) were treated with

250 pU neuraminidase (ICN 9001-67-6) per ml OI'.%BP 130 . ; .
: - peptide screening binding assay, accord-
packed cells at T for 1 h. Finally the cells were ing to Urquiza et al. (1996), three patterns were

Was.h%q with TBS (Camus & Hadley 1985) and use}%und: high specific binding peptides, non-specific
In _'rn "t1g astsafy. hrocvtes with trvosin and chy2iNdiNg peptides and low or non-binding peptides.

reatment of erythrocy e With rypsin anc c¥only one high specific binding peptide was found,
motrypsin- Erythrocytes [20% hematocritin TBS . - 642220 (Fig. 1). This peptide is located in
buffer (5 mM Tris-HCI, 140 mM NaCl, pH 7.4)] were the GBP-130 repeat sequence, for which binding

Human erythrocytes binding peptidek the
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activity has already been reported (Kochan et alith peptide 2220 labeled with non-radioactive Nal.
1986). Some other peptides (2204, 2208, 2212, 221Fjg. 2 shows that both iodinated and non-iodinated
with very similar sequences to peptide 222DKR peptides identically displaced the radiolabeled
is substituted by RN), show lower binding activi- ligand. Therefore, iodinated tyrosine can be ex-
ties than peptide 2220. Peptides which only shaduded as significantly altering the erythrocyte-
theN-terminal (2201, 2206, 2209, 2214, 2222) or theeptide interaction.
C-terminal (2202, 2210, 2215, 2218, 2223) sequence A saturation binding assay was performed for
with peptide 2220 showed no specific binding tgeptide 2220 (Fig. 3). The Hill plot, obtained by
erythrocytes. transformation of experimental data, is shown in
In order to investigate whether the peptide lathe inset. Using saturation and Hill analysis, a 150
beling, which introduces an iodine atom into a tynM dissociation constant and a Hill coefficient of 2
rosine residue, affected its interaction with humawere calculated and each cell was determined to
erythrocytes, an additional assay was carried obave 8,000 binding sites.

Peptide Sequence Residues Binding activity
Number 1.0 2.0
2189 MR L SKVSDIKSTGVSNYZKNEF 1-20

2190 INSKNSSKYSLMEVSEKEKNEKK 21-40

2191 INSLGAFHSKKILLIFGI IYV 41-60

2192 [VLLNAY I CGDKYEKAVDYGEF 61-80

2193 |RESRYLAEGEDTCARKEKTT 81-100

2194 [¥YRKSKQKTSTRTVATQTEKKD 101-120

2105 |EENKSVVTEEQKVESDYEKRQ 121-140

2106 [KRTKKVVKKOQINYGDTENRO QK 141-160

2197 [EGKNV KKV YKKEEKEKEKEESGK 161-180

2108 IPEENKHANEASKKKEPEKAYK 181-200

2199 VS OKPSTSTRSNNEVEKYRAA 201-220

2200 SNQETLTSADPEGQIMREYA 221-240

2205 IDNKEDLTSADPEGQIMREYA 321-340

2013 NKEDLTSADPEGQIMREYAA 521-540 L
2221 NKEDLTSADPEGOIMREVYAA 721-740

2203 [PEGQIMREYASDPEYRKHLE 281-300

2200 IPEGQIMREYAADPEYRKHLE 381-400

2211 EGKIMREYAADPEYRKHLE || 481-500,581-600
2219 EGOIMREYASDPEVYRKHLE. 681-700

2200 |ADPEYRKHLEIFYKILTNTD 241-260

2206 |ADPEYRKHLEVFHKILTNTD 341-360

2200 |ADPEYRKHLEVFHKILTNTD 441-460

2214 DPEYRKHLEIFYKILTNTDEP 541-560

2222 DPEYRKHLEIFHKILTNTDEP 741-760

2204 |l FYKILTNTDPNDDVERRNA 301-320

2208 [¥YFHKILTNTDPNDEVERRNA 401-420

2212 FHKYLTNTDPNDEVERRNAD 501-520

2217 YHKILTNTDPNDEVERRNAD 601-620

2220 FEYKILTNTDPNDEVERDNAD 701-720

222 IPNDEVERRNADNKEDYTSAD 261-280 r
2210 P NDEVERRNADNKEYTSSDV 461-480

2215 NDEVERRNADNKEEYTSSDEP 561-580

2218 NDEVERRNADNKEDYTSADEP 661-680

2223 NDEVERONADNOEAJY 761-774

Fig. 1: GBP 130 synthetic peptides’ specific binding activity to human erythrocytes. Amino acid sequences are given in
the left column. Binding activity: is the slope value of specific binding curve. Underlined amino acids were substituted with
Tyr to allow radiolabeling. Each one of the black bars represents the slope of the specific binding curve, which is named
high specific binding activity (HSBA). Peptides with HSBA2% were considered as high specific binding peptides to
erythrocytes, since these peptides recognize more than 200 specific binding sites per cell at low concentrations of
radiolabeled peptide (200 nM).
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Human erythrocytes treated with neuraminidase
showed a 373% increase in specific binding for
peptide 2220. However, human erythrocytes treated
s with trypsin showed markedly lower affinity for
150 | peptide 2220, with a reduction to 35%. It was also
noted that, when human erythrocytes were treated
with chymotrypsin, there was no effect on peptide
2220 specific binding.
100 + . Peptide 2220 bound mainly to human eryth-
rocytes- Peptide 2220 was assayed with erythro-
o cytes of different species with the aim of determin-
{ ing if the binding is species specific (Table I). Pep-
tide 2220 possesses a higher specific binding to
human erythrocytes than to erythrocytes from other
species Aotusand rabbit erythrocytes showed
specific binding values of 59% and 44% respec-

200 T

Bound peptide (CPM*103)

ul
o
I
t

o 1 5 3 , tively, compared to human erythrocytes. No bind-
Added pepiide (CPM10°) ing was observed to goat, horse or chicken eryth-
rocytes.

Fig. 2: peptidel29-2220 binding to human erythrocyte.
Total binding: binding to erythrocyte in absence of compe-
tition (A ). Non specific-binding: binding in presence of TABLE I

non-labeled peptideld). Non specific binding in presence  Binding of 2220 peptide to enzyme treated human

of peptide iodinate with non-radioactive NaM §. erythrocyte and non-human erythrocytes
Erythrocytes Specific binding (%)
800 + o
S Humans
% non-treated 100 + 8
~ ‘ neuraminidase 373+31
600 - "14 2 26 trypsin . 35+4
chymotrypsin 95+9
H Aotus 59+6
< Rabbits 4 +7
g 07 Goats 0+4
s . . Horses 0+2
§ Chickens 8+4
200 +
Critical residues for peptide-erythrocyte inter-
action- The importance of each residue in the bind-

om : : : : ing of peptide 2220 to erythrocytes was determined
0 100 200 800 400 by analyzing the ability of glycine analogs to in-
Free peptide (M) hibit the binding of the unmodified peptide (com-
Pl & sauraton cune for pptde 2220, T rap shonettion binding assay, Fig. 4). Residuep,
cific (O) binding o% the ragi_olabeled peptige to hSmanK703’ L705 T706 and B3 were Cr!tlcal’ since the .
erythrocytes. In the Hill plot (inset graph) the axis are: thé€placement of any _Of t.hese amino _aC|dS dramati-
abscissa is log F, and the ordinate is log (B/Bmax-B). Bcally reduced their binding affinity (Fig. 4).
fmol bound peptide; Bmax: maximum fmol bound peptide;  Effect on in vitro peptide 2220 P. falciparum
F: nM free peptide cultures- To determine whether the peptide 2220 is
biologically relevantjn vitro invasion and devel-
. , ) , opment inhibition assays were performed. Both
Peptide 2220 and interaction with enzymeyssays were performed in triplicate and six pep-
treated erythrocytesin order to determine whether tjges were used as controls: peptides 2189 and 2197
the peptide 2220 interacts with sialic acid 0fmedium specific-binding); peptides 2204 and 2208
sialoglycoproteins, binding assays were pen‘orme@iOW specific-binding); and peptides 2214 and 2215
with enzyme treated erythrocytes. Table | showgon-binding). As shown in Table 11, the invasion
the percentages of specific binding compared tgrocess is inhibited only by peptide 2220 (91% in-
peptide binding of normal human erythrocytespipition). The slides of this assay, staining with
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TABLE Il
Inhibition of parasite invasion and development to erythrocyte by GBP 130 peptides
Binding Peptides Inhibition of invasion Inhibition of development
activity (200 uM) 3H-hypoxanthine Giemsa 3H-hypoxanthine Giemsa
% SD % SD % SD % SD

High 2220 91 7 86 19 7 £17 2 45
Medium 2189 0 4 0 6 59 9 67 8

2197 0 45 2 4 0 1 1 #1
Low 2204 0 =1 2 %2 0 =2 2 13

2208 0 =2 0 =1 5 43 0 #2
No-binding 2214 0 43 4 4 0 #1 1 2

2215 0 =9 0 =3 0 4 0 #1
Control Chloroquine 98 17 100 11 99 4 100 +10

DISCUSSION

250
200
150
100
50
0

Merozoite surface proteins play an important
role in erythrocyte invasion, since they determine
the first contact between erythrocyte and merozo-
ite. Among these, GBP 130 has been implicated as
being an erythrocyte binding protein in merozoites
Z20FYKILTNTDPNDEVERDNAD  (Perkins 1984, 1988). Peptide 2220 was identified as
being a part of the GBP 130 sequence which binds
specifically to erythrocytes. This peptide belongs
to the repeat region which binds to human erythro-
cytes; antibodies against this region inhibited
vitro erythrocyte invasion by merozoites (Kochan
etal. 1986). Peptides 2204, 2208, 2212, 2217 and 2220
have a very similar sequence, including the resi-
OFYKILTNTDPNDEVERDNAD  duescritical for binding to erythrocytes. However,
the 2220 peptide has the highest binding affinity.

Fig. 4: specific binding to erythrocytes of peptide 2220 inTQ.e phar;ge Of.(? fgrzl:z)(;n pOSItIﬁI’I 717 increases the
competition assays with glycine analog peptides. The heigl?t Inity 0. pepti e to eryt rocyt_es-
of the black bars is proportional to the binding inhibition ~ The interaction between peptide 2220 and

of the original radiolabeled peptide (20 nM) by the originalerythrocytes is charge-independent, since peptides

or peptide unlabeled analogues (100 and 800 nM). The502 and 2205, which have a similar charge, did not

I;I;tsirng the bottom represents the amino acid changed %}fnd spec?fically to erythrocytes. Con;equently, th?
amino acid sequence is the determinant factor in
the binding. Peptide 2220, iodinated with non-ra-
dioactive Nal, displaced the radiolabeled ligand

Giemsa show that the parasites in the slide of pi}gientically to displacement produced by the non-
tide 2220 has the same morphology of the controRbeled peptide (Fig. 2), showing that the modifica-
but the number of parasited erythrocytes was dilon caused by iodination of the peptide does not
minished. None of the control peptides showed argffect this peptide’s interaction with erythrocytes.
effect onP. falciparumparasite invasion. One con- A 150 nM affinity constant shows that the interac-
trol peptide (2189) markedly affected the develoption between peptide 2220 and erythrocytes is very
ment of the parasite (59%), but did not inhibit invastrong. This interaction could be mediated by salt-
sion. This suggests that it may have a toxic effedtridges, since peptide 2220 has a high proportion
on the intracellular parasite, but is not capable aff charged amino acids (8/20) and thg Famino
interacting with erythrocyte proteins to block theacid is critical to binding. A Hill coefficient of 2
invasion process. suggests positive cooperativity.

800 nM
150

Binding peptide (%)

100

50

0

Residue
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Peptide 2220 shows a high increase in speciffpeptide 2220 inhibited invasion by 91%. The pep-
binding to neuraminidase treated erythrocyteide may affect merozoite release or erythrocyte in-
(Table 1), indicating that the interaction does novasion. However, we did not see delay in parasite
involve sialic acid molecules. This agrees with pregrowth or death parasites. This could be indicating
vious observations, which demonstrate that GBEhat peptide 2220 may compete for the receptor sites
130 receptors are not dependent on sialic acwh the erythrocyte and block the merozoite-inva-
(Perkins 1988). The binding of peptide 2220 to erythsion. In another assay, when peptide was added
rocytes was affected by the treatment with trypsiafter invasion, ring stage peptide 2220 did not af-
and not by chymotrypsin. As trypsin cleaves théect parasite development. However, the difference
external proteic part of glycophorin A and C (Pasvah membrane permeability between ring stage and
1984), itis possible that glycophorin A, C or otheschizont stage restricts the interpretation of this
related molecules act as a receptor for this peptidesults. The peptide concentration needed for in-
However, as the binding was not completely abrosasion-inhibition was higher than the affinity con-
gated by trypsin treatment, other proteins (such asant value; this may be due to higher GBP 130
glycophorin B) could be involved in the binding.affinity than peptide 2220, or because the effective
The membrane receptor of peptide 2220 has nobncentration is diminished by proteolytic degra-
been identified, although it is known that its bind-dation. Interestingly, peptide 2220 belongs to a re-
ing activity is sensitive to trypsin treatment. peat region which binds to glycophorin and elicits

Binding competition assays with peptide 222@ntibodies able to block merozoite invasion of eryth-
glycine analogues show that some amino acidscytes (Kochan et al. 1986).
(_EYQQNTDPNDEVERDNAI_D) were critical in the _ REFERENCES
binding; probably these residues are not only in- )
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