Chinese Science Bulletin

© 2008 @ SCIENCE IN CHINA PRESS

Application of a TLC chemical method to detection of

cyclotides in plants
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lodine, Dragendorff’s reagent, ninhydrin and Coomassie brilliant blue G-250 reagents were used to
detect cyclotides from proteins, cyclopeptides, linear-peptides and amino acids in the thin layer
chromatography (TLC). Cyclotides could be distinguished from the others by comparing the TLC col-
oring plots with G-250 and ninhydrin reagents. With this method, cyclotides were discovered in Viola
labridorica, V. tricolor, V. hamiltoniana, Momordica charantia, and M. cochinchinensis and over 10
cyclotides were isolated, three of which were determined as known cyclotides cycloviolacin 02, kalata

B1 and vary peptide A.
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Plant cyclopeptides!' * were defined as cyclic com-
pounds formed mainly with the peptide bonds of 2—37
protein or non-protein amino acids and discovered in
higher plants, mainly L-amino acids. The research of
cyclopeptides started in 1880s. Since the first plant
cyclopeptide was structurally determined in 1959, over
450 cyclopeptides had been discovered from higher
plants up to 2006 when the definition of plant cyclopep-
tides was proposed, and these plants belong to 25 fami-
lies, 65 genera and 120 species. On the basis of their
structural skeletons and distributions in plants, we pro-
posed the systematic structural classification which is
divided into eight types, i.e., Cyclopeptide Alkaloids
(Type 1), Depsicyclopeptides (Type II), Solanaceae-type
Cyclopeptides (Type III), Urticaceae-type Cyclopeptides
(Type 1V), Compositae-type Cyclopeptides (Type V),
Caryophyllaceae-type  Cyclopeptides (Type  VI),
Rubiaceae-type  Cyclopeptides (Type VII) and
Cyclotides (Type VIII).

Cyclotides!"™! are plant disulfide-rich macrocyclic
proteins with 28 —37 amino acids, which not only con-
tain a unique amide head to tail cyclized peptide back-
bone but also incorporate a cyclic cystine knot (CCK).
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The CCK is a fascinating structural motif in which a
small embedded ring is formed by two disulfide bonds
and their connecting back-bond segments are threaded
by the third disulfide bond, which produces a unique
protein fold that is topologically complex and has ex-
ceptional resistance to enzymatic breakdown and high
chemical stability. The first structurally determined
cyclotide was kalata B1, a 29-residue cyclotide from the
tropical African plant Oldenlandia affinis (Rubiaceae)
with uterotonic activity, which was discovered in the
early 1970s as the active agent in a native medicine used
by women in Africa to accelerate labor and childbirth.
The medicine was prepared by boiling the plant to make
tea, which was orally ingested during labor, and kalata
B1 was isolated from this boiled teal®. At that time, al-
though the structure had not been determined, the fact
that it was cyclic had been described. In 1995, its struc-
ture was finally determined by Saether et al.””’. Since
then, about 100 cyclotides have been isolated from over
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10 plants in the Cucurbitaceae, Rubiaceae, and
Violaceae families. Cyclotides displayed an interesting
range of biological activities, i.e., uterotonic, anti-HIV,
inhibiting neurotensin binding, antimicrobial, inhibiting
trypsin, cytotoxic and insecticidal activities. On the basis
of tissue-specific expression of cyclotides in Viola spe-
cies and acting as insecticidal and antimicrobial agents,
Craik and co-workers proposed that cyclotides might be
regarded as a new family of plant defense peptides. The
inherent bioactivities make cyclotides become new
drugs directly or lead compounds. Even more, its precise
structure, high stability and variable residues in loops
make cyclotides become interesting backbone of peptide
drug by linking different new active ligands[g].

A new thin layer chromatography (TLC) chemical
method for detection of cyclopeptides in plants was re-
ported in 2000 by us®. It was a TLC protosite reaction
with ninhydrin reagent which released the amino group
hydrolyzed by HCI in the TLC plate. It was a good spe-
cific and sensitive chemical detection method for plant
cyclopeptides, and over 100 Caryophyllaceae-type
cyclopeptides were isolated with this method. It could be
used effectively not only to detect whether plant extracts
contain cyclopeptides, but also to guide cyclopeptide
separation and purification. Since 2005, we have been
exploring cyclotides on the basis of cyclopeptides, and
found some deficiency of this method during detecting
cyclotides. In this paper, a TLC method with ninhydrin
and Coomassie brilliant blue G-250 reagents for detec-
tion of cyclotides was established. With this method,
cyclotides were discovered in Viola labridorica, V. tri-
color, V. hamiltoniana, Momordica charantia and M.
cochinchinensis, and over 10 cyclotides were isolated[w],
three of which were determined as known cyclotides
cycloviolacin 02", kalata B1' and vary peptide Al

1 Experimental
1.1 Materials

Ninhydrinm] is a common reagent for detecting amino
acids; this reagent!' together with other reagents such
as Coomassie brilliant blue, biuret and Folin-Phenol re-
agents''”! is used to detect proteins. We chose ninhydrin
and Coomassie brilliant blue G-250 reagents for their
convenient and extensive usage together with known
common reagents iodine and Dragendorff’s reagents'"”
as references which are used for detecting alkaloids.
Preparation of Coomassie brilliant blue G-250 reagent

was improved to fit TLC cyclotides detection sensitively,
which are smaller than proteins. The preparation was as
follows: 100 mg G-250 was dissolved in 20 mL ethanol,
add 20 mL phosphoric acid and 160 mL 50% ethanol.
The ninhydrin reagent was 0.2% ethanol solution.
Dragendorff’s reagent was prepared as follows: 0.85 g
Bismuth subnitrate dissolved in 10 mL glacial acetic
acid and to which 40 mL H,O was added was taken as
solution A; 8 g potassium iodide dissolved in 20 mL
H,O was taken as solution B; 1 mL solution A was
mixed with 1 mL solution B, to which was added 2 mL
acetic acid and 10 mL H,O.

Proline (P), lysine (K), glutamic acid (E), methionine
(M) and tryptophan (W) were the biochemical reagents
from Shanghai Kang-Da Amino Acid Factory. Hetero-
phyllin B (HB)"'® and cycloviolacin 02! were isolated
in our laboratory. Linear-heterophyllin B (PPPIFGGL)
was synthesized with solid-phase by Suzhou Tian-Ma
Pharmacy Group (Figure 1). Bovine serum albumin
(BSA) was supplied by Sigma Company. TLC silica gel
G plates were products of the Qingdao Makall Group Co.
Ltd. Other reagents were of analytic purity.
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Figure 1 Structures of heterophyllin B and cycloviolacin O2.

1.2 Sample preparation

2.1—2.4 mg amino acids were dissolved in 1 mL deion-
ized H,O separately. 2.2 mg HB was dissolved in 1 mL
methanol. 2.1 mg linear-HB was dissolved in 1 mL de-
ionized H,O. 2.1 mL cycloviolacin O2 was dissolved in
1 mL 70% ethanol. 2.2 mg BSA was dissolved in 1 mL
deionized H,O.
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1.3 Cyclotide detection

The samples were dotted on one side of 5 identical 30
mmx50 mm silica gel G plates (plates 1—5) and these
plates were developed with n-butanol: acetic acid: water
(3:1:1, viviv). After removal of the solvent, plates 1, 2
and 5 were detected with iodine, Dragendorff’s and
Coomassie brilliant blue G-250 reagents separately.
Plate 4 was hanged in a sealed glass vessel with about 1
mL concentrated HCI and hydrolyzed in a drying incu-
bator (110°C) for 2 h. Cooled for a few minutes, plate 4
was taken out and the HCI was volatilized with a venti-
lator. Then plates 3 (non-hydrolyzed plate) and 4 (hy-
drolyzed plate) were sprayed with 0.2% ninhydrin re-
agent and detected after heating with a drier for several
minutes.

1.4 Lower limit for detecting cyclotides

Solution of cycloviolacin O2 (2.1 mg/mL) was diluted
with 70% ethanol according to the ratios of 1:1, 1:2,

1:5 and 1:10, then dotted samples on the silica gel G
plates. The plates were detected with ninhydrin and
G-250 reagents before or after being developed.

2 Results and discussion
2.1 Cyclotide detection in TLC plates

Iodine is a common reagent for detecting organics, and
Dragendorff’s reagent is a common reagent for detecting
alkaloids. These two reagents can be used to detect
cyclopeptides, linear-peptides and proteins, which are
not specific. The TLC protosite reaction with ninhydrin
reagent is a good specific and sensitive chemical method
for detecting cyclopeptides, which can be used effec-
tively to distinguish cyclopeptides and cyclotides from
amino acids, linear-peptides and proteins by comparing
the colors of the spots on non-hydrolyzed plate (plate 3)
and hydrolyzed plate (plate 4). If there were some pur-
plish red or yellow spots in some cases in plate 4, there

Table 1 Results of different samples colored by different detecting reagents®

would be no such spots at the same sites in plate 3, indi-
cating that the detected samples contained cyclopeptides
or cyclotides. Coomassie brilliant blue G-250 is a re-
agent for detecting proteins. We can use G-250 reagent
to distinguish cyclotides from cyclopeptides by compar-
ing the spot colors in TLC plates. Spots of cyclotides
were cyan while the backgrounds were red. Cyclopep-
tides did not react with G-250. Therefore, cyclotides
could be distinguished from the others by comparing the
TLC coloring plots with G-250 and ninhydrin reagents
(Table 1, Figure 2).
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Figure 2 TLC results of amino acids, cyclotides, cyclopeptides and
linear peptides. (a) —(c) Non-hydrolyzed plate spraying with ninhydrin,
hydrolyzed plate spraying with ninhydrin and non-hydrolyzed plate
spraying with G-250. Samples on plates 1—4, amino acids (mixture of P,
K, E, M and W), cyclotides (cycloviolacin O2), cyclopeptides (HB) and
linear peptides (linear-HB). TLC conditions: Solid phase, silical gel G;
mobile phase, n-butanol:acetic acid:water (3:1:1, viv:v). (a) and (b)
were purplish red or yellow while the background was white, and (c) was
cyan while the background was red.

2.2 Detection sensitivity of cyclotides

At the concentration of 2 ug cyclotide (10 uL 0.21
mg/mL cycloviolacin O2), results indicated that the spot
could not be detected with ninhydrin reagent, but was
colored well by G-250 reagent. It inferred that G-250
reagent may be more sensitive than ninhydrin reagent.

2.3 Influence of hydrolyzed reaction time

Cyclopeptides could be colored well by the ninhydrin
reagent after being hydrolyzed in about 0.5—1 h, but

Amino acids” Cyclotide Cyclopeptide Linear peptide Protein
Iodine — or + or +++ +++ + + +
Dragendorff’s —or+ +++ —or+ + 4t
Ninhydrin (non-hydrolyzed) -+ —or+ _ i +
Ninhydrin (hydrolyzed) -+ +++ -+ +++ ot
Coomassie brilliant blue G-250 - + - _ o+
a) “—” means negative, “+” means positive, “+++” means more positive. b) Amino acids are the mixture of P, K, E, M and W, cyclotide is cycloviolacin

02, cyclopeptide is HB, linear peptide is linear-HB and protein is BSA.
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cyclotides need more time with fresh concentrated HCI
for hydrolysis, i.e., 2 h for the CCK motif.

2.4 Application

With this method, cyclotides were discovered in V.
labridorica, V. tricolor, V. hamiltoniana, M. charantia
and M. cochinchinensis, and over 10 cyclotides were
isolated"", three of which were determined as known
cyclotides cycloviolacin 02" kalata B1"" and vary
peptide Al

3 Conclusion

Coomassie brilliant blue G-250 is a common reagent for
detecting proteins, which is usually used in polyacryla-
mide gel electrophoresis (PAGE) undergoing a change in
its color upon non-covalent binding to proteins. G-250
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