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A 37 amino acid cyclic polypeptide has been isolated from the organic extract of the tropical tree Palicourea
condensata. Palicourein (1) is the largest of a growing family of plant peptides that contain a cyclized
amino acid backbone cross-linked via three internal disulfide bridges. Palicourein inhibits the in vitro
cytopathic effects of HIV-1RF infection of CEM-SS cells with an EC50 value of 0.1 µM and an IC50 value
of 1.5 µM.

As part of our interest in natural products with HIV-
inhibitory activity,1 we undertook the investigation of the
organic extract of Palicourea condensata Standl. (Rubi-
aceae), which showed activity in the NCI’s XTT-tetrazolium
based anti-HIV primary screen.2 Previous studies of this
genus have yielded triterpenes,3 alkaloids,4 and fluoroac-
etate.5 Although there have been no reports of peptides
from this genus, macrocyclic peptides have been described
from three genera of plants in the Rubiaceae family6-9 as
well as several genera in the Violaceae family10-14 and,
more recently, from the Cucurbitaceae family.15

Plant macrocyclic peptides from the Rubiaceae family
include circulins A-F from Chassalia parvifolia,6,7 cyclop-
sychotride A from Psychotria longipes,8 and kalata B1 from
Oldenlandia affinis.9 Reported peptides isolated from the
Violaceae family are cycloviolacins O1-O11 and H1 from
Viola species,10 cycloviolins A-D from Leonia cymosa,11 and
violapeptide I12 and varv A-H13-14 peptides from Viola
arvensis. These plant polypeptides share a primary struc-
ture consisting of 28-31 amino acid residues covalently
cycilized by the amide backbone and three internal disul-
fide bridges. Craik et al.10 have proposed that this novel
family of macrocylic peptides be referred to as cyclotides.
A recent report describes the first isolation of a 34-residue
macrocyclic peptide from Cucurbitaceae15 that also pos-
sesses a cyclized amino acid backbone and disulfide bridges.
Although it shares a three-dimensional structure similar
to that of the peptides isolated from the Rubiaceae and
Violeaceae families, there is little sequence homology apart
from the six Cys residues. To date, palicourein, with 37
amino acids, is the largest naturally occurring cyclotide.

The water soluble portion of the organic extract of P.
condensata was permeated through Sephadex LH-20; the
resulting active fraction was subjected to vacuum-liquid
chromatography on wide pore C4 gel, followed by reversed-
phase HPLC to give 1 (1.04% yield).

Electrospray ionization mass spectrometry (ESIMS) of
palicourein provided a molecular weight of 3904.1 Da. The
mass calculated for the linear peptide with all cysteines
in the reduced form was 3928.5, approximately 24 Da
higher than the observed molecular weight. This suggested

that palicourein was a cyclic peptide and accounted for the
loss of one water molecule (18 Da) due to cyclization and
six hydrogens (6 Da) due to the formation of the three
disulfide bridges. Reduction and alkylation of 1 with
4-vinylpyridine generated the (S)-(â-4-pyridylethyl)cysteine
(PEC) derivative, which gave an ESIMS molecular weight
of 4541.0 Da. This is consistent with the presence of six
disulfide-linked cysteines (+636.4 Da due to six pyridyl-
ethyl groups). Attempts to sequence the PEC derivative of
1 were unsuccessful, providing additional support that the
N-terminus was blocked due to the cyclic nature of pali-
courein.

Amino acid analysis of the PEC derivative of palicourein
indicated that it contained only one lysine; therefore it was
subjected to enzymatic digestion with Lys-C to provide a
derivatized, linear peptide that could be sequenced. Diges-
tion of 1 with endoproteinase Lys-C gave a linear product
from which the total sequence of amino acids could be
deduced (Figure 1).

Palicourein shows a high degree of homology to the
previously isolated cyclotides. A report by Craik et al.10 has
classified these 31 cyclotides into two subfamilies based
on the backbone structure and charge of the peptides.
Palicourein does not fit distinctly into either of these,
containing a mixing of partial sequences between the two
subfamilies that thus far has not been observed (Figure
2). For loop 1, the third residue is S in subfamily 1 and T
in subfamily 2. For loop 6, the P is adjacent to C in
subfamily 1 and separated by an intervening hydrophobic
residue in subfamily 2. Using these criteria, palicourein
appears to fit in subfamily 2. This however changes when
comparing loops 2 and 3. For loop 2, in subfamily 1 the
fourth residue is always P, and in subfamily 2, the two
cental residues are GG. For loop 3, subfamily 1 contains
up to seven residues, while subfamily 2 contains only four.
Palicourein appears to fit in subfamily 1 with these
constraints. In terms of net charge, peptides from subfamily
1 have a net charge of +2 and those in subfamily 2 are
neutral or negative, so palicourein with a net charge of -1
would fit into subfamily 2.

The three-dimensional structure of kalata B1, circulin
A, and cycloviolacin O1 has been determined and shows a
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Figure 1. Cyclic amino acid sequence of palicourein established by
N-terminal Edman degradation of the linear peptide generated by
digestion with endoproteinase Lsy-C.
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consensus of a cyclic backbone with conserved cysteine
residues and a cyclic knot motif. Although the disulfide
bonding pattern of palicourein has not been determined,
the Cys I-Cys IV, Cys II-Cys V, and Cys III-Cys VI cyclic
cysteine knot motif is conserved in all of the examples
isolated to date.

Palicourein inhibited the cytopathic effects of HIV-1RF

infection in a human T-lymphoblastoid cell line (CEM-SS),2
with an EC50 value of 0.10 µM and an IC50 value of 1.5
µM. This compares well with the anti-HIV activity of the
circulins A-F and the cycloviolins A-D with EC50’s rang-
ing from 0.05 to 0.28 µM.

Experimental Section

General Experimental Procedures. ESIMS were ac-
quired on a Hewlett-Packard HP1 100 integrated LC-MS
system. Amino acid analysis was performed with a Beckman
System 6300 amino acid analyzer according to the protocols
of the manufacturer. Amino acid sequences were determined
by Edman degradation using an Applied Biosystems Model
494 sequencer. All HPLC mobile phases included 0.05% (v/v)
TFA.

Collection and Extraction. Bark from the tree Palicourea
condensata Standley (Rubiaceae) was collected under NCI
contract in the province of Pastaza in Ecuador, March 1988,
by B. Boom. Voucher specimens (Q65T1001) are maintained
at the New York Botanical Garden and the Smithsonian
Institution. The dried plant material (362 g) was ground and
sequentially extracted with 1:1 MeOH-CH2Cl2 followed by
100% MeOH. The combined organic extracts were evaporated
in vacuo to give 17.44 g of extract.

Isolation. A portion of the organic extract (5.30 g) was
subjected to a solvent-solvent partitioning schemel6 that
concentrated the anti-HIV activity in the water soluble fraction
(3.53 g). Size exclusion chromatography of the active material
on Sephadex LH-20 (5.5 × 68 cm) with MeOH-H2O (7:3)
provided an early eluting fraction (0.19 g), which was further
separated by vacuum-liquid chromatography (VLC) on wide
pore C4 media with a 0-100% MeOH in H2O gradient. The
100% MeOH fraction containing the active component was
purified by reversed-phase HPLC (Rainin Dynamax, C18, 300
Å, 1 × 25 cm) eluting with a 25-60% CH3CN in H2O gradient
to give 55.9 mg (1.04% yield) of palicourein (1). 1: white
powder; [R]D ) -68.1° (c 0.79, MeOH); UV (MeOH) λmax (log
ε) 223 (4.72), 203 (5.21).

Structure Determination. (a) Reduction and Alkyla-
tion of the Disulfide Bonds. Palicourein (1.0 mg) was
dissolved in 400 µL of 8 M guanidine HCl. To this were added
20 µL of 3 M Tris HCl (pH 8.5), 15 µL of â-mercaptoethanol,
and 100 µL of deionized water, and the reaction was kept in
the dark, at room temperature, under an atmosphere of N2.
After 23 h, 45 µL of 4-vinylpyridine was added, and the
mixture was again kept in the dark, at room temperature,
under N2 for 2 h. Excess reagent was removed under a stream
of N2, and the mixture was stored at -20 °C overnight. The

derivatized peptide was purified by reversed-phase HPLC
(Rainin Dynamax, C18, 300 Å, 1 × 25 cm) using a gradient of
100% H2O for 40 min, then increasing to 60% CH3CN in H2O
over 50 min.

(b) Enzymatic Cleavage. Lys-C. The PEC derivative (250
µg) was dissolved in 250 µL of digestion buffer (25 mM Tris
HCl, 1 mM EDTA, pH 8.5) and treated with 5 µg of endopro-
teinase Lys-C. The reaction was maintained at room temper-
ature for 24 h, and the cleaved peptide product was purified
by reversed-phase HPLC (Rainin Dynamax, C18, 300 Å, 1 ×
25 cm) using a gradient of 100% H2O for 20 min, then
increasing to 60% CH3CN in H2O over 100 min.
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Figure 2. Sequence comparison of select cyclotides from the aRubiaceae and bVioleaceae families. The six conserved cysteine residues are highlighted
in bold. The four previously identified cyclotides are grouped into subfamilies with the backbone segments indicated by loops 1-6 as per Craik et
al.10
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