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CD36 Peptides That Block Cytoadherence Define the CD36 Binding Region
for Plasmodium falciparuminfected Erythrocytes

By Dror I. Baruch, Xin C. Ma, Brittan Pasloske, Russell J. Howard, and Louis H. Miller

Mature Plasmodium falciparum parasitized erythrocytes (PE)
sequester from the circulation by adhering to microvascular
endothelial cells. PE sequestration contributes directly to the
virulence and severe pathology of falciparum malaria. The
scavenger receptor, CD36, is a major host receptor for PE
adherence. PE adhesion to CD36 is mediated by the malarial
variant antigen, P, falciparum erythrocyte membrane protein
1 (PfEMPL1), and particularly by its cysteine-rich interdomain
region 1 (CIDR-1). Several peptides from the extended immu-
nodominant domain of CD36 (residues 139-184), including
CD36 139-155, CD36 145-171, CD36 146-164, and CD36 156-

CD36 156-184, specifically blocked PE adhesion to CD36
without affecting binding to the host receptor intercellular
adhesion molecule-1 (ICAM-1). Moreover, an adhesion block-
ing peptide from the ICAM-1 sequence inhibits the PFEMP1-
ICAM-1 interaction without affecting adhesion to CD36.
These results confirm earlier observations that PfEMP1 is
also a receptor for ICAM-1. Thus, the region 139-184 and
particularly the 146-164 or the 145-171 regions of CD36 form
the adhesion region for P, falciparum PE. Adherence blocking
peptides from this region may be useful for modeling the
PE/PfEMP1 interaction with CD36 and for development of

184 interfered with the CD36-PfEMP1 interaction. Each of
these peptides affected binding at the low micromolar range
in 2 independent assays. Two peptides, CD36 145-171 and

potential anti-adhesion therapeutics.
© 1999 by The American Society of Hematology.

QUESTRATION OF MATURE stage parasitized erythro- range of different molecules including ox-LDL, the extracellu-

cytes (PE) is central for the survival and the pathology of lar matrix proteins collagen and TSP, and the malarial protein
P. falciparum parasited:* Adherence ofP. falciparumPE to =~ PfEMP117:20.27,29,31-35
endothelial cells in various blood vessels can result in local Several anti-CD36 monoclonal antibodies (MoAbs) (8A6,
microvascular occlusion contributing directly to the pathology OKM5, FA6-152, and 10/5) that block binding of ox-LDL and
of P. falciparummalariat->6 recognition of apoptotic neutrophils react with the CD36

Adherence of PE to endothelial cells is mediated by theimmunodominant domain, defined by residues 155388336

binding of the infected erythrocyte to host receptors expressedhese MoAbs also efficiently block adhesion of PE to human
on endothelial cells including CD36, thrombospondin (TSP),CD368 However, it was recently showhthat the binding
intercellular adhesion molecule-1 (ICAM-1), and chondroitin domain for ox-LDL resides elsewhere (residues 28-93) on
sulfate A27-10 Other molecules such as vascular cell adhesionCD36. Thus, these MoAbs block a function that resides outside
molecule-1 (VCAM-1), E-selectin, and CD31 mediate adher-the immunodominant region (155-183) of CD36, either by
ence of a minority ofP. falciparumparasited!-?3 CD36 may  steric hindrance or by changing the conformation of CD36
play a predominant role in PE adherence, as almost alrequired for binding. The binding domains for collagen and TSP
adherence positiv®. falciparumstrains and isolates bind to were ascribed to the 415-427 and the 93-120 regions, respec-
CD3613There is a significant correlation between PE sequestratively.332 Residues 139-155, located just before the immuno-
tion and expression of CD36 (and ICAM-1) in various organs dominant domain, were shown to induce a conformational
and vascular endotheliubi? Under flow conditions, which ~change in TSP, which leads to higher affinity interaction
mimic in vivo blood flow, CD36 supports stable stationary between TSP and the 93-110 region of CB3#&
adherence of PE, while ICAM-1 mediates PE rolling and The inhibitory effect of MoAbs specific for the 155-184
adherence to TSP appears to be unstiifRecently, a recombi-  region suggests that the binding domains for the inhibitory
nant protein fronP. falciparumerythrocyte membrane protein 1 M0Abs and for PE overlap. However, PE bind to both human
(PfEMP1), named rC1-2, located in the first cysteine-rich@nd mouse CD36, although only the human CD36 is recognized
interdomain region (CIDR-1) immediately after the first Duffy Py the inhibitory MoAbs®*4 This significant difference indi-
binding-like (DBL) domain was shown to mediate PE adher-
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cates that inhibitory MoAbs and infected erythrocytes recognizeanti-GST), then incubated with 2.5 pg of rC1-2 [1-179]. The coated
different residues of the CD36 multifunctional domain or that beads were incubated 60 minutes at 21°C, with 450 pL of BM
residues outside this region contribute significantly to thecontaining peptides and 5% DMSO final concentration. Atotal of 50 LI
PE-CD36 interaction. of soluble CD36 (0.5 to 1 pg/mL) was added and incubated 2 hours at
21°C. The beads were washed twice with BM, once with BM without
BSA, and solubilized in 40 uL of SDS sample buffer. One to 2.5-pL

. . . . e ngamples were fractionated by SDS-polyacrylamide gel electrophoresis
different regions of CD36 and tested their ability to inhibit the (SDS-PAGE), immunoblotted, and probed with a 1:10,000 dilution of

To study the region(s) of CD36 involved in binding of

PfEMP1-CD36 interaction and to block PE adhesion. biotinylated MoAb 179 as primary antibody followed with horseradish
peroxidase (HRP)-conjugated streptavidin (Jackson Immunoresearch
MATERIALS AND METHODS Inc) at 1:5,000 dilution.
Parasites. Malayan Camp (MC R) and the FCR3-C®. falcipa- Densitometry. Autoradiographs were scanned and individual bands

rum strains adhere to the host receptors CD36 and TSP, but nowere quantified after background subtraction using the NIH Image 1.61

ICAM-1. The ItG2-ICAM strain and clone Adultra adhered to all 3 host Standard program.

receptorg 35 Cytoadherence microassayAdherence of PE to immobilized pro-
Peptides. CD36-derived peptides CD36 62-75 (residues 62-75), teins was performed by standard meth&&8:4?For ICAM-1 binding,

CD36 233-250 (residue 238 (Lys) was replaced by a Tyr residue), CD3@lates were spotted with 50 ug/mL of rabbit IgG and incubated with 25

358-370, CD36 397-409, and CD36 413-426 (with an additional Tyr Mg/mL of ZZ-ICAM. Blockade of PE adherence by the different

residue) were custom synthesized by Bio-Synthesis Inc, (Lewisville,Peptides was tested by preincubating, 1 hour at 37°C, PE in BM media

TX). Peptides CD36 139-155 and CD36 93-110 were synthesized bott0-2% BSA) containing peptides and 1% DMSO final concentration. PE

by Neuros Corp (San Jose, CA) and by Affymax Research Institutevere added to the spotted receptors, incubated, 1 hour at 37°C, washed

(Santa Clara, CA). Peptides CD36 93-110C and CD36 C139-155 wittft times with BM, fixed, stained, and countéd.

additional terminal cysteines at the carboxyl- or amino-terminus,

respectively, were purchased from Bachem California (Torrance, CA) RESULTS

and also synthesized at Affymax Research Institute. Peptides CD36 CD36 and ICAM-1—

139-149, CD36 142-152, and CD36 146-155 were synthesized b .
SynPeP Corporation (Dublin, CA). A scrambled version of the CD36¥3fENIPl to CD36 and ICAM-1, respectivelyA panel of CD36

139-155 was also synthesized, but was largely insoluble even at 1000}3ept!de§7 (Fig 1) were assayed aF 500 umol/L (300 |.1_m0'I/L for
dimethyl sulfoxide (DMSO). Peptides CD36 145-171, CD36 146-164, PePtide CD36 233-150) for their effects on the binding of
and CD36 156-184 were synthesized by the support facility, NIAID, **3I-PfEMP1 from the Malayan Camp (MC R strain (Fig 1A)

NIH. The ICAM 15-20 was synthesized at Affymax Research Institute. and clone FCRCS5 (Fig 1B) to CD36. Addition of DMSO (5%)

The amino acid sequences of the peptides are described in Table 1. Aflad very little effect (Fig 1B), but in some of the assays, a 50%
peptides were synthesized by the Fmoc method, purified to homogeneeduction in binding was observed (Fig 1A). Therefore, in each
ity by high-performance liquid chromatography (HPLC) and confirmed gssay, the effect of each peptide was measured and compared
structurally by mass spectrometry. Peptide concentration was detekyith the binding of the DMSO control (100% binding). Peptides
mined by BCA protein assay (Pierce, Rockford, IL). CD36 139-155, CD36 62-75, and CD36 233-250 blocked the

_Soluple receptors. Soluble CD36 extracellula_r domain was ob- CD36-PfEMP1 interaction by more than 50% for MC and 40%
tained in the form of harvest supernatant (approximately 1 to 5 pg/mL)

after phospholipase C treatment of cultured cells as described l§éf0re.f0r . FCR3'C5_ (F'g_ 1)'_ Peptide CD36 139-155 was _the most
Soluble ICAM-1 extracellular domain carrying the Protein A lg binding ?Ct've' affec_“”g_l binding by 70%_ to_ 82%. Other peptides either
domain (ZZ-ICAM) was a gift from Dr Andrew Hutchinson (Glaxo- increased binding or had very limited effect (up to 20%). The
Wellcome, Stevange, UK). different effects of peptides on specific PIFEMP1 bands is
Antibodies. Mouse MoAb 179 (Affymax Research Institute) recog- attributed to the variant sequence of different PFEMP1 mol-
nizes an epitope sequence incorporated into the carboxy terminus a@culest’4143 Three partial peptides from the 139-155 region
CD36. Mouse MoAb 141 (Affymax Research Institute) recognizes (CD36 139-149, CD36 142-152, and CD36 145-155, Table 1)
GST!735 Rabbit IgG was purchased from Jackson Immunoresearch,gd no effect on binding (unpublished data).
Labs (West Grove, PA). _ Dose response assays with the 3 active peptides demonstrated
Affinity purification of surface radiolabeled PEMP1PE were that peptides CD36 62-75 and CD36 233-250 were active only

surface radioiodinated and sequentially extracted with triton X-100 - .
(TX100) and sodium dodecyl sulfate (SDS) as descri§éahibition of at high concentrations (250 to 300 pmol/L) and actually

binding of PFEMP1 to SCD36 or ICAM-1 was as descrilié@riefly, 5 increased binding at concentrations of 100 umol/L or lower (Fig

to 10 pL of PE SDS extracts were reconstituted in 1 mL of 25 mmol/L 2A). Thus, the activity of these peptides may not be highly

HEPES, 1% bovine serum albumin (BSA) 0.5% TX100 in RPMI-1640 specific for the PFEMP1-CD36 interaction. On the other hand,

(BM-T, binding medium containing TX100) at pH 6.7 for CD36 and pH peptide CD36 139-155 had an apparent 50% inhibitiogfl Gf

7.3 for ICAM-1. Peptides dissolved in DMSO were added to the =~ 5 pmol/L (Fig 2A and Table 2). The peptide had no effect on

appropriate concentration. DMSO was added to give a final concentrathe binding of ItG-ICAM PfEMP1 to ICAM-1 (not shown),

tion of 5% DMSO. The reconstituted SDS extracts were incubated, 1€1ndicating that its blocking activity is specific for the PfEMP1-

hours at 4°C, with CD36-derived peptides or, 1 hour at 21°C, With o6 jnteraction. To verify these results, 3 preparations of peptide

E;“f;fbﬁliZ’g'\r/'e'ielzfoa:‘oélOz‘gecdesbgeg:;b da;fcr:ééigours at21°C, with CD36 139-155 derived from independent sources were assayed and
pron P ) found to consistently block binding of PFEEMP1 to CD36.

Affinity-purification of CD36 with immobilized recombinant frag- . .
ments of PFEMPL. Affinity-purification of CD36 with immobilized Peptide ICAM-1 15-20 blocks adherence of intact PE (ItG2-

rC1-2 [1-179] (GST-fusion) was described earfieBriefly, 25 uL of ~ ICAM strain) to ICAM-1% This peptide also blocked the

GammaBind Plus Sepharose beads (Pharmacia Biotech Inc, Piscatawd3inding of 1tG2-ICAM PfEMP1 to ICAM-1 at a concentration
NJ) were precoated, 90 minutes 21°C, with 10 pg of MoAb 141 of 100 pmol/L or higher with an 165 of about 200 umol/L (Fig 2B).

derived peptides inhibit the binding of
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CD36 peptides inhibit the binding of 1?5I-PfEMP1 to CD36. TX100 insoluble material from surface iodinated PE was extracted with SDS

(SDS extract) and reconstituted in RPMI containing 1% BSA and 0.5% TX100.35 Peptides dissolved in DMSO were added to the sample, incubated
overnight, and allowed to bind to CD36-coated beads for 3 hours. The beads were washed 3 times and processed for SDS-PAGE as before.3®
Peptides were tested at 500 pwmol/L, except for peptide CD36 233-255, which was tested at 300 pmol/L. All samples except No DMSO, had a 5%
final concentration of DMSO. The percent inhibition of binding from the DMSO control is indicated at the bottom of the figure. Negative numbers
means higher binding than the DMSO control. (A) MC R* SDS extract; (B) FCR;-C5 SDS extract. The percent inhibition of peptide CD36 358-370
with FCR3-C5 extract was calculated without the specific background subtraction.

The peptide did not block the interaction of MC PfEMP1 with CD36 with peptide CD36 139-155 (Fig 3). Peptides CD36 139-149
(not shown). These results are consistent with independent bindingnd CD36 142-152, but not peptide CD36-145-155, blocked the
domains for CD36 and ICAM-1 on PfEMP%:45

CD36-derived peptides block binding of rC1-2 [1-179] to may be attributed to the highly hydrophobic nature of the first 2

CD36. A region from the CIDR-1 domain of MC-PfEMP1,

binding of CD36 to rC1-2 (1-179) (Fig 3A). Some of this activity

peptides. Also, these assays are not truly quantitative, but demon-

represented by the recombinant protein rC1-2, was recentlytrate the range of effective inhibition of binding of each peptide.
demonstrated to bind CD36 and to mediate PE adherence to Earlier studies suggested that the adherence blocking MoAb

CD36:7 Peptide CD36 139-155 blocked the interaction of okms recognizes the 139-155 region of CDZ6Human-
CD36 with rC1-2 [1-179] with apparent kgof about 2 pmol/L

(Fig 3 and Table 2). At 50 umol/L, peptides CD36 62-75 and

mouse hybrids of CD36 demonstrated that OKM5, 15.2, and
other adherence blocking MoAbs actually recognize the adja-

CD36 233-250, which blocked binding of PfEMP1 to CD36 at ¢gn region (155-183) of CD38. Therefore, additional peptides

high concentrations (Fig 2), had little (23.1%) to no effect o, the 155184 and 139-184 regions were synthesized (see
(6.3%) on this interaction compared with 78% to 92% inhibition Table 1) and measured for their effect on binding of CD36 to the

Table 1. Amino Acid Sequence of the Different CD36
and ICAM-1 Peptides

Peptide Sequence
CD36 62-75 YRQFWIFDVQNPQE
CD36 93-110 YRVRFLAKENVTQDAEDN

CD36 93-110C
CD36 139-155
CD36 C139-155
CD36 139-149
CD36 142-152
CD36 146-155
CD36 145-171
CD36 146-164
CD36 156-184
CD36 233-250
CD36 358-370
CD36 397-409
CD36 413-426
ICAM-1 15-20

YRVRFLAKENVTQDAEDN(C)
NLAVAAASHIYQNQFVQ
(C)NLAVAAASHIYQNQFVQ
NLAVAAASHIY

VAAASHIYQNQ

SHIYQNQFVQ
ASHIYQNQFVQMILNSLINKSKSSMFQ
SHIYQNQFVQMILNSLINK
MILNSLINKSKSSMFQVRTLRELLWGYRD
KRNLS(Y) *WESHCDMINGTD
DGLNPNEEEHRTY

EKIQVLKNLKRNY
ILWLNETGTIGDEK(Y)

GSVLVT

Residues added or modified from the original human sequence are
marked by parenthesis.
*Residue 238 (Lys) was modified to (Tyr).

rC1-2 [1-179] GST fusion protein (Fig 3 and Table 2). Peptides
CD36 146-164 and CD36 156-184 inhibited the CD36-rC1-2
[1-179] interaction at 50 umol/L (Fig 3A) and were active even
at a concentration of 0.1 umol/L (Fig 3B). Peptide CD36
156-184 was also active at 0.01 umol/L (only partial inhibition),
while peptide CD36 146-164 appeared to be inactive at this
concentration (data not shown). Peptide CD36 145-171 inhibi-
tion profile for the rC1-2 [1-179]-CD36 interaction was similar
to that of CD36 146-164 (not shown). Thus, peptides from both
regions, CD36 139-155 and CD36 156-184, represent sites of
CD36, which interact with the PE receptor, PFEMP1.

The inhibitory effect of different peptides is influenced by
their solubility. The relative solubility of the various peptides
was determined by the appearance and the size of a precipitate
after centrifugation. Although this does not give an accurate
measurement of solubility and of the actual concentration of
soluble material, it gives a good indication if a peptide is only
partially or completely soluble at the conditions of each assay.
Peptide CD36 156-184 was soluble even at high concentrations
(>250 umol/L). However, several of the active peptides, mainly
CD36 139-155 and CD36 146-164, were not completely soluble
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B Fig 2. Concentration-depen-
dent inhibition of binding of 1%5I-
ICAM-1 PfEMP1 to CD36 and ICAM-1. (A)
Inhibition of binding to CD36 us-
o 15'20 ing MC R+ SDS extract was per-
D [ 1 formed as in Fig 1. Peptide con-
=
(m]

CD36 CD36 CD36
139-155 62-75 233-250

L

centration is given in pmol/L.
- The concentration of peptide
£ CD36 397-409 was 500 pwmol/L.
(B) Inhibition of binding to
ICAM-1 using ItG-ICAM SDS ex-
tract was performed as in Fig 1,
except that the peptides were
preincubated with the extract for
1 hour at room temperature. Pep-
- tide concentration is given in
O = D~ = pmol/L and all samples (except
o \ﬂ. ‘_i No DMSO) had a 5% final concen-
B~ =f e ey tration of DMSO. The percent
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CD36 ICAM'l bottom of the figure.

at concentrations higher than 50 to 100 umol/L, as largeeffectively block the PfEMP1-CD36 interaction. However,
precipitates were observed and removed by centrifugation. Thiglifferences in the Ig, (Table 2), measured at the low pmol/L
observation explains the reduction of inhibition associated withrange are not affected by peptide solubility and represent true
high peptide concentrations for some peptides (D. Baruchdifferences in the inhibitory activity of the different peptides.
unpublished observations). Peptide CD36 145-171 solubility CD36 and ICAM-1-derived peptides block PE adhesion.
was higher than CD36 146-164, but not as good as CD3@eptide CD36 156-184 at a concentration of 100 pmol/L
155-184. Thus, at the high pmol/L range, the actual finalblocked PE adhesion to CD36 of strain A4ultra by more than
concentration of the peptide in the assay solution may be lower70% (Fig 4A), with an 1G, of about 25 umol/L (Fig 4C and
depending on the relative solubility of the peptide in the assayTable 2). Another peptide, CD36 145-171, with higher solubil-
solution. This is particularly important in blockade of adherenceity than CD36 146-164 (but lower than CD36 156-184) blocked
assays. In this assay, the amount of DMSO must be restricted tBE adhesion to CD36 with an §gof about 86 pumol/L (Fig 4C
1% (final) compared with 5% DMSO or 5% DMSO/0.5%TX100/ and Table 2). Other peptides tested, CD36 413-426, CD36
0.1% SDS used in the affinity purification assays. Moreover,139-155, CD36 146-164, and ICAM-1 15-20 had no inhibitory
significantly higher peptide concentration is needed to block theeffect on PE binding (Fig 4A). However, peptides CD36
interaction of the multivalant PE with CD36. Thus, marginally 139-155 and CD36 146-164 were only partially soluble at the
soluble peptides may not be soluble at the concentratiorb0 to 100 pumol/L concentration and failed to reach the high
required for blockade of PE adherence, although they mayoncentration necessary to block PE adhesion. This is particu-
larly true for peptide CD36 139-155 that had much highegIC

Table 2. Approximate ICs, Values of Peptides Inhibiting the than the other peptides (Fig 3B and Table 2). The higher binding
Interaction of PfEMP1 or Infected Erythrocytes With CD36 or ICAM-1 found with some of the peptides is attributed to the combined
1Cso (WmOIIL) effect of both peptide and DMSO resulting in elevated adher-
Binding Binding PE ence of PE or higher binding of PFEMP1 (see Figs 1 through 4
Peptide of PfEMP1 of rC1-2 Adherence and D. Baruch, unpublished observation). In each case, the
Binding to CD36 percent inhibition of adherence was calculated from the DMSO
CD36 62-75 >250 ND ND control (no peptide).
CD36 139-155 5.9 0.6 >100* Peptide CD36 156-184 had no inhibitory effect on PE
CD36 145-171 ND <0.1 86 adherence to ICAM-1 (Fig 4B). The ICAM-1 15-20 peptide
CD36 146-164 ND <01 >100* completely blocked adhesion to ICAM-1 at 500 pmol/L and
CD36 156-184 ND <0.01 24.5 more than 60% at 100 umol/L (Fig 4B and Table 2) with ag,IC
CD36 233-250 2059 ND ND of about 97 pmol/L, but had no effect on PE adhesion to CD36

Binding to ICAM-1

(Fig 4A). These results demonstrate that the activity of the
ICAM-1 15-20 208.3 ND 79

CD36 peptides and in particular CD36 156-184 is specific for
Results summarize the approximate ICs, values of peptide inhibition PE adherence to CD36 and that the ICAM-1 15-20 peptide was

on the binding of soluble ?5I-PfEMP1 to immobilized CD36, binding of specific for PE adherence to ICAM-1 (Fig 4)
CD36 to immobilized rC1-2 [1-179] and inhibition of PE adhesion.

Binding of 12°I-PfEMP1 to CD36 was measured with SDS extract of the DISCUSSION

MC strain. Binding of 1?5]-PfEMP1 to ICAM-1 was measured with SDS o L i
extract of the ItG-ICAM strain. Blockade of PE adherence was tested B_'nd'ng IFO CD36 plays a significant r_ole '_n adherencePof
with strain Adultra. falciparuminfected erythrocyte$!3-15Antibodies that are able

Abbreviation: ND, not determined. to block this interaction, such as 8A6, 10/5, and OKMS5,
*No inhibition at the highest concentration tested. recognize a single immunodominant domain (155-183) in
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Fig 3. CD36 peptides inhibit the binding of rC1-2 [1-179] to CD36. Peptides were prepared in 0.45 mL of binding media pH 6.7 containing 1%
BSA and 5% DMSO and microfuged for 5 minutes before addition to the coated beads to remove insoluble peptide material. Peptides were
incubated, 1 hour at room temperature with beads coated with rC1-2 [1-179] before addition of sCD36. After 3 hours incubation, the beads were
washed and solubilized for SDS-PAGE.” The binding of CD36 was assayed by Western blot using biotinylated MoAb 179 recognizing a tag
incorporated to the sequence of sCD36.17 All samples (except No DMSO) had a 5% final concentration of DMSO. Percent inhibition of binding
(from the DMSO control) is indicated at the bottom of the figure. Negative numbers means higher binding than the DMSO control. (A) Various
CD36-derived peptides tested at 50 pmol/L. (B) Concentration-dependent inhibition of binding of CD36 to rC1-2 [1-179]. Peptides concentration is
in pmol/L. Peptide CD36 139-155 was largely insoluble at 100 pmol/L and peptide CD36 146-164 was only partially soluble at 50 pmol/L. In both
cases, most of the peptide was removed by the centrifugation step resulting in low to no inhibition (data not shown).

human CD36%4°However, the inhibitory MoAbs do not bind 146-171, CD36 145-171, and CD36 156-184 to have blocking
to mouse CD36 while PE d.The MoAbs also block the effect on binding to CD36 in 2 different assays. These peptides
binding of ox-LDL residing well outside the immunodominant had no effect on binding to the host receptor ICAM-1,
domain?’indicating a possible conformational change in CD36 indicating that the inhibition is specific for CD36. These
mediated by Ab binding. This suggests that the regions of CD3eptides derive from the extended immunodominant region of
recognized by PE and the inhibitory MoAbs may not be the CD36 (139-183), as residues 139-155 are believed to contribute
same. Therefore, we tested peptides from the sequence of CD36 the binding of the OKM5 and similar antibodies to CD:36?
to identify the PE binding domain of CD36. Several other peptides CD36 62-75, CD36 233-250, CD36
Three independent assays were applied to assess the ability ©89-149, and CD36 142-152 also gave partial blocking activity
different peptides to block the PE or PfEMP1 interaction with (Figs 1 and 3). However, these peptides were positive for
CD36. We identified several peptides CD36 139-155, CD36inhibition only in 1 of the 3 assays used and were active at much

Binding to CD36 Binding to ICAM-1
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Fig 4. Blockade of PE adher-
ence to immobilized CD36 and
ICAM-1. PE from clone Adultra
were incubated for 1 hour in
binding media containing the ap-
propriate peptide and final con-
centration of 1% DMSO, then -
added to the spotted receptor = & e 4B
for 1 hour and processed as de- LT, . L
scribed in Materials and Meth- C€D36 Peptides ICAM1 15-20
ods. Results are given as percent
binding from the control (no pep-
tide). (A) Blockade of adhesion
to CD36 tested at 100 pwmol/L.
MoAb 8A6 was tested at 10 png/
mL. (B) Blockade of adherence to
ICAM-1. Peptide CD36 156-184
was tested at 100 pwmol/L, pep-
tide ICAM-1 15-20 was tested at
100 and 500 pmol/L. (C) Concen- —— CD36-146
tration-dependent blockade of .
adherence to CD36. Peptide inhi- SR
bition was tested at 1 to 100
pmol/L range as described in
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higher concentrations (K >200 pmol/L) than the CD36 the 155-183 regiof® The finding that infected erythrocytes
139-184 peptides (I§s <5 pmol/L). In addition, none of these bind to the CD36 multifunctional immunodominant domain
peptides blocked PE adhesion. Peptides CD36 97-110 andhises the question of the effect of PE sequestration on
CD36 8-21 reported by Asch et'éto block PE adhesion did not CD36-dependent functions. Malaria-infected erythrocytes were
show any inhibition in our assays (CD36 97-110) or are lackingfound to activate monocytes and platelets, presumably by
(CD36 8-21) from the soluble CD36 used here. Neverthelesshinding to CD3€5 Injection of peptides from the CD36
the possibility that the above residues contribute to the PEL39-184 region may also have some adverse effect. However, it
interaction with CD36 cannot be excluded. is conceivable that only a brief treatment will be required to
Attempts to define the minimal binding domain were par- affect PE adhesion resulting in release of sequestrating parasites
tially successful. Both peptides CD36 145-171 and CD36to the circulation, without any prolonged adverse effect on the
146-164 were active, although only CD36 145-171 was able tdost.
block PE adhesion. Our attempts were complicated by the lack In summary, we identified the extended immunodominant
of solubility of the different peptides. Apart from CD36 156-184 multifunctional domain of CD36 (residues 139-184) as the PE
and ICAM-1 15-20, which were readily soluble in aqueous binding domain and in particular residues 145-171 and 146-
solution, other peptides were much less soluble and could not b&64. Peptides from this domain blocked PE adherence in vitro
properly tested at high concentrations required for efficientand may be of therapeutic value. These findings expand our
inhibition. This is especially true in the PE blockade of adhesionknowledge about the molecular interactions between infected
assay where the DMSO content is restricted to maximum of 1%€rythrocytes and CD36.
(compare with 5% in other assays). However, it is clear that
although peptide CD36 139-155 was active, it displayed a much ACKNOWLEDGMENT
lower inhibition than the other 3 peptides (Table 2). Thus, we The authors thank Dr John Barnwell for providing MoAb 8A6 and
submit that the CD36 blndlng domain for PFEMP1 and infected Andrew Hutchinson for the ZZ-ICAM-1 recombinant protein.
erythrocyte is located at residues 139-184 of CD36 and in
particular residues 145-171 or residues 146-164. REFERENCES
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