
fractions containing proteoforms of interest (i.e., the region of venom that showed biological activity against 
Nav1.8) were further separated using IEC to isolate individual peptides (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In vitro biological assay for identifying peptides that inhibit Nav1.8 activity: 
A two-step HPLC protocol (RP followed by IEC) is used to fraction venom into subfractions and peptides that 
can be screened for inhibitory activity. Samples are screened for inhibitory activity against a recombinant 
Nav1.8 clone from scorpion mice (O. torridus, OtNav1.8). The gene encoding Nav1.8 was inserted into a 
plasmid with a fluorescent marker (pcDNA3.1-EGFP) for expression in a hybrid cell line (ND7/23). Cells are 
grown on cover slips in well plates (37° C, 5% C02) and then transfected with Nav1.8 using Lipofectamine 2000 
(Invitrogen). After 24-48 hours, cells expressing Nav1.8 (fluorescent cells) are used to screen fractions and 
isolated peptides for inhibition of Nav1.8 activity. Whole-cell patch clamp electrophysiology is used to record 
the effects of venom fractions, subfractions and peptides on OtNav1.8 Na+ current. Samples are diluted in bath 
solution to the desired final concentration. Currents are elicited by a 50-msec depolarization to -10 mV from a 
holding potential of -100 mV before and after application of venom fractions or peptides. Pre- and post-current 
traces are compared to detect inhibition of current. Venom fractions are screened to identify inhibitory samples.  
Inhibitory fractions are then subfractioned and tested against OtNav1.8. Inhibitory subfractions undergo a final 
round of fractioning to isolate individual peptides. Hybrid mass spectrometry is used to determine the mass and 
sequence of peptides that inhibit Na+ current. Peptides are used for downstream experiments (Aims 1 – 3). 
 
Hybrid mass spectrometry for peptide characterization 
     The primary structure of the peptide(s) that inhibit Nav1.8 will 
be characterized using a hybrid mass spectrometry (MS) workflow 
(Fig. 8) (62). This approach combines the traditional bottom-up 
(BU) technique (63), which entails the proteolysis of denatured 
proteins using enzymes (e.g., trypsin and Glu-C), and the top-down 
(TD) approach (64), which conversely relies on the gas-phase 
analysis of protein ions in their intact form. Initially, both mass 
spectra acquired using TD or BU will be searched against a 
database compiled from transcriptomic data of the C. sculpturatus 
venom gland (provided by Rykota lab, FL State University). We will 
characterize the peptides using nano liquid chromatography on-
line coupled to MS (LC-MS). Measurements will be performed on 
a state-of-the-art high-resolution mass spectrometer (Orbitrap 
Fusion Lumos, Thermo Scientific). Complementary ion activation 
techniques will be used to increase the likelihood of achieving 
100% sequence coverage (i.e., fragmentation at every single 
amino acid present in the polypeptide backbone). Proton transfer 
charge reduction (PTCR) will be used to simplify the sequencing 
by limiting overlap of product ions in tandem mass spectra. 

Figure 8. Hybrid MS approach for peptide 
identification. TD skips proteolysis, while BU 
analyzes proteolytic peptides. Amino acid 
cleavage sites are indicated by vertical flags 
colored according to the legend to indicate 
fragmentation by different ion dissociation 
technologies. The use of multiple techniques 
enhances the final sequence coverage. 
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Figure 5. HPLC sub-fractionation of region of biological activity to isolate individual peptides. 
Fractions from the region of venom previously shown to inhibit Nav1.8 (inset region outlined in 
red, from Fig. 2) were collected, pooled and sub-fractioned using an ion exchange column and a 
salt buffer system to isolate individual peptides. The region of the inset profile outlined in green 
separated into five peptides. 

Expression of Nav1.8 in hybrid cell line for testing peptides 
ND7/23t	

Figure 6. ND7/23 
cells expressing 
EGFP-tagged 
Nav1.8 for biological 
screening of venom 
peptides. A clone of 
Nav1.8 was inserted 
into a plasmid 
(pcDNA3.1) with a 
fluorescent marker 
and expressed in 
ND7/23 cells. Cells 
expressing Nav1.8 
are used to identify 
peptides that inhibit 
Nav1.8 activity. 

Figure 7. HPLC sub-
fractionation of region of 
biological activity to isolate 
individual peptides. Fractions 
from the region of venom 
previously shown to inhibit 
Nav1.8 (inset region outlined 
in red, from Fig. 5) were 
collected, pooled and sub-
fractioned using an ion 
exchange column and a salt 
buffer system to isolate 
individual peptides. The 
region of the inset profile 
outlined in green separated 
into five peptides. 


