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Introduction 
Crotamine is one of the major components of the venom of Crotalus durissus terrificus, a 
rattlesnake from South America. This toxin, when present at high (mM) concentrations, 
leads to the spastic paralysis of the hind limbs [1]. However, when present at (μM) 
concentrations, it can selectively translocate into actively proliferating cells [2], both 
in vivo and in vitro and localize to the nucleus. Moreover, it was observed that crotamine is 
able to deliver specific cargoes into the interior of the cell [2,3]. These characteristics 
allowed its classification as cell-penetrating peptide (CPP). Nucleolar-targeting peptides 
(NrTP) were designed by structural dissection of crotamine and, at μM concentration, they 
were also able to penetrate different cell types and exhibit exquisite nucleolar localization 
[4]. This new family of peptides was, therefore, classified as novel CPP. The peptides used 
throughout this work were: NrTP1 (YKQCHKKGGKKGSG), NrTP2 (YKQCHKKGG-
Ahx-KKGSG), NrTP5 (ykqchkkGGkkGsG) and NrTP6 (KQSHKKGGKKGSG). 
Fluorescent derivatives of all peptides were also produced using rhodamine B as the 
fluorescent probe. The aim of this work was to pursue the study of NrTP molecular 
mechanism for translocation into cells, as well as to determine the ability of NrTP to 
deliver large molecules into cells. 

Results and Discussion 
The biophysical characterization was done by fluorescence spectroscopy using tyrosine 
intrinsic fluorescence as well as rhodamine B labeled NrTP. The work included quenching 
studies, quantification of partition into membrane model systems and translocation 
experiments. Quenching experiments with acrylamide showed a linear dependence on the 
acrylamide concentration. This result indicates that Tyr residues are exposed to acrylamide 
and that there is no peptide aggregation in solution. The Stern-Volmer constant (KSV) for 
NrTP1 is 9.7 ± 0.2 M-1, for NrTP2 12.1 ± 0.3 M-1 and for free Tyr 28.1 ± 0.2 M-1. In the 
presence of lipid vesicles, the KSV has a three-fold decrease except for free Tyr. This can be 
interpreted as a reduction of Tyr residues exposure to acrylamide. NrTP1 and NrTP2 
interact with lipid membranes; consequently, they become less accessible to the quencher. 
NrTP1 and NrTP2 (Table 1) showed higher partition coefficients (for review see [5]) for 
POPC (zwitterionic) and POPG (anionic), both liquid state phospholipids, than for 
POPC:cholesterol (raft-like mixture on the liquid ordered state).  

For the translocation experiments, rhodamine B labeled NrTP were used and tested 
with giant multilamellar, NBD-labeled vesicles. The co-localization of fluorescence spikes 
from NBD and rhodamine B (NrTP1-RhB) (Figure 1-A) indicates successful peptide 
translocation once it represents the presence of peptide in the inner membranes that appear 

inside some of the lipid 
vesicles. Despite the fact that 
the peptide fluorescence 
intensity is much lower than 
the one from NBD labeled 
vesicles, it is significantly 
different from the background, 
which thus, validates the 
conclusions. On the other 
hand, the translocation in cells 
is clearly more efficient 

Table 1. Partition coefficient (Kp) for NrTP1 and 
NrTP2 in POPC, POPC:Chol and POPG LUV 

Lipid 
NrTP1 NrTP2 

Kp(x 103) ± SE Kp(x 103) ± SE

POPC 2.7 ± 1.1 3.1 ± 0.8 
POPC:Chol (2:1) 1.2 ± 0.2 0.7 ± 0.1 
POPG 2.9 ± 0.6 2.5 ± 0.3 
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(Figure 1–B). Both lymphocyte cell lines (Bv173 and MOLT4) and peripheral blood 
mononuclear cells (PBMC) showed very high levels of peptide entry. These experiments 
were done using both NrTP1-RhB and NrTP5-RhB, and the results are very similar both 
for the profile in multilamellar giant vesicles and cells. 

 
Finally, a conjugate of NrTP (NrTP6-C) bound to β−galactosidase (from E. coli) was 
prepared by chemical synthesis. This conjugate maintains enzymatic activity and is stable 
at 4ºC for several days, retaining its activity after -20ºC storage. Internalization studies for 
the delivery of β-galactosidase into HeLa cells were conducted with the above mentioned 
conjugate. Efficient translocation of the enzyme was detected in a cell free extract 
fluorescence based assay (Figure 2). 

The work done so far with this new family of CPP has revealed strong interaction and 
translocation with lipid model systems. Moreover, and as a proof of concept that these cell-
penetrating peptides are good carriers for the delivery of large molecules into the cell 
interior, we have successfully observed that NrTP can translocate β-galactosidase into cells. 
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Fig. 1. Translocation of NrTP1-RhB into giant multilamellar vesicles (POPC + DPPE-
NBD 1%) and Bv173 (pre-B cell leukemia) cell line. Graphs represent fluorescence 
intensity along a longitudinal line drawn on the vesicle or cell, respectively. Panel A shows 
the co-localization of NBD (---) (488 nm laser) with NrTP1-RhB 15 mM (—) (561 nm 
laser). Each spike of NBD fluorescence corresponds to a lipid bilayer. Panel B shows the 
co-localization of the nuclear dye Hoeschst (---) (405 nm laser) with NrTP1-RhB 15 mM 
(—), (561nm laser). 
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nm Fig. 2. Progression curves of β-galactosidase 

enzymatic activity. Fluorescence intensity is 
measured at 440 nm upon addition of enzyme 
to 0.5 mM of MUG. The plot represents the in 
vitro activity of the conjugate (NrTP6-C-β-
galactosidase) when it is present at 0.5 nM (●), 
2 nM (■), 5 nM (▲) and 7 nM (│).The 
progression curve of a cell free extract 
resulting from the incubation of 0.3 mM of 
conjugate with HeLa cells (○). 
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