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Introduction 

Violaceae is a rich source of cyclotides and are ubiquitous among all species of this plant family [1]. 
This protein group is characterized by a peculiar cyclic structure, collectively known as cyclic cystine 
motif (CCK) conferring them with remarkable stability. These properties together with a number of 
bioactivities have attracted enormous attention from both the scientific community and pharmaceutical 
industry for using cyclotides in drug development [2]. In this context, this work describes the 
identification of cyclotides in fractions of Pombalia calceolaria, Viola cerasifolia, Viola subdmidiata 
and Noisettia orchidflora, as well as their potential anticancer properties.  

Results and Discussion 

The work presented here contributes to our understanding 
about the diversity and distribution of cyclotides in the 
Pombalia calceolaria (leaves, stems, seeds and roots), 
Viola cerasifolia (leaves, stems and roots), Viola 
subdmidiata (leaves, stems and roots) and Noisettia 
orchidflora (roots) sourced from Forest Atlantic (Rio de 
Janeiro, Brazil). Although an array of pharmaceutical 
relevant bioactivities has been ascribed to cyclotides, their 
key purpose in plants is supposed to be as antibiotic agents 
to fend off plant pests and pathogens [3].  

In order to check the possible presence and 
differences in the expression of cyclotide in these four 
plants and your tissues, approximately 60g of each plant 
part was ground prior to solvent extraction, yielding 
thirteen crude extracts. For V.cerasifolia were obtained 
three extracts named 1L (leaves), 1C (stems) and 1R 

(roots). For V. subdmidiata, 2L (leaves), 2C (stems) and 2R (roots), N. orchidflora, 3L (leaves), 3C 
(stems) and 3R (roots) and P. calceolaria 4L (leaves), 4C (stems), 4S (seeds) and 4R (roots). The 
analysis by RP-HPLC and MALDI-TOF MS showed that these extracts contained a diversity of 
cyclotides indentified bases on their mass, cysteine content and hydrophobicity. The cysteine content 
was in accordance with established diagnostic methodology whereupon after reduction and 
carbamidomethylation reaction it is possible to observe mass increase of 348 Da indicating the 
presence of three intramolecular disulfide bonds in the corresponding proteins. Thus, the extracts 
showed a wide diversity of peptides with masses in the range of 2900-3600 Da as analysed by MALDI-
TOF mass spectrometry (MS), typically the range of masses expected for cyclotides. In general, the 
expression of the peptides appeared to vary with the plant tissues, according the Table 1.  

Preparative RP-HPLC chromatography of crude extract allowed isolating four bracelet cyclotides, 
(m/z 3143; 3157; 3166) from roots of P. calceolaria and (m/z 3145) from N. orchidflora. Cyclotide 
sequencing was performed by reduction, alkylation and enzymatic digest with endoproteinases Glu-C, 
trypsin, and chymotrypsin and followed by MS/MS analysis.  

 
Fig. 1. a) V. submidiata. b) V.cerasifolia. 
c) N.orchidflora. d) P. calceolaria. 



 

Table 1. Peptide masses obtained by MALDI for V.cerasifolia 1L (leaves), 1C (stems) and 1R (roots), 
V. subdmidiata, 2L (leaves), 2C (stems) and 2R (roots), N. orchidflora, 3L (leaves), 3C (stems) and 3R 
(roots) and P. calceolaria 4L (leaves), 4C (stems), 4S (seeds) and 4R (roots). 

 
A bioassay was conducted 
based on cellular migration, a 
feature related to the metastasis 
process, which is involved in 
90% of all cancer deaths. Thus, 
for qualitative evaluation of 
directional cell migration, 
MDA-MB-231 cells were 
seeded at a density of 1 x 105 
cells/well in 24-well culture 
plates (TPPTM) and allowed to 
reach a confluent monolayer. 
Then, a scratch was inflicted in 
the wells using a sterile 100 µL 
pipette tip. The medium was 
removed and a fresh medium 
without FBS was added to clean 
the debris. Sequentially, cells 
were incubated for 22h at 37°C 
with supplemented medium 
(10% FBS) and concentration 
of extracts (200 µg/mL) and 
colchicine at 10 mM has been 
used as a control. When 
measuring the wound closure, 
pictures of the wells were taken 
were taken under a 4X objective 
(Optiphase) at 0 and 22h. The 
images were analyzed using 
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Fig. 2. Percentage of cell migration inhibition and cytotoxicity 
assays with MDA-MB 213 human breast tumor cells. 



 

Image J software and two independent experiments were conducted in triplicate. All fractions 
demonstrated high inhibition of cellular migration between 80 to 100%, according to Figure 2. The 
fractions were evaluated for their cytotoxicity against MDA-MB-231 and DU-145 cancer cell lines 
and the percentage of unviable cells was determined in relation to the control wells. All fractions 
exhibited high potency as in the migration assays and cytotoxicity.  
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