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Abstract 

Recent work demonstrated that a splice variant of a human macrophage voltage-gated sodium 

channel expressed on endosomes acts as an intracellular sensor for dsRNA, a viral-associated 

molecular pattern. Here our goal was to identify a candidate gene in a clinically relevant 

invertebrate model with related cellular and pattern recognition properties. The para gene in 

drosophila and other insects encodes voltage-gated sodium channels with similar 

electrophysiological properties to those found in vertebrate excitable membranes.  A database 

search revealed that the AAEL006019 gene in Aedes aegypti, the yellow fever mosquito, encodes 

a voltage-gated sodium channel that is distinct from genes that encode para-like sodium 

channels. As compared to para-like channels, the protein products from this gene have deletions 

in the N-terminus and in the DII-DIII linker region. When over-expressed in an Aedes aegypti 

cell line, CCL-125, the AAEL006019 channel demonstrated cytoplasmic expression on vesicular-

like organelles. Electrophysiologic analysis revealed that the channel mediates small inward 

currents that are enhanced by synthetic mimics of viral-derived ssRNA, R848 and ORN02, but 

not the dsRNA mimic, poly I:C. R848 treatment of CCL-125 cells that express high levels of the 

channels led to increased expression of RelA and Ago2, two mediators of insect innate 

immunity. These results suggest that the AAEL006019 channel acts as an intracellular pathogen 

sensor for ssRNA molecular patterns.  
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1. Introduction 

Voltage-gated sodium channels mediate evolutionarily conserved signaling mechanisms that are 

present in organisms as diverse as bacteria and mammals [1]. In excitable membranes, these 

channels regulate electrical signaling through the generation of action potentials. However, a 

range of non-canonical functions have been described.  

Work from this laboratory has demonstrated that a novel human splice variant, 

macrophage SCN5A, regulates pathogen recognition and intracellular signaling. Unlike variants 

expressed in excitable tissues, the channel is expressed intracellularly on endosomes [2]. Because 

of an exon deletion that encodes a portion of the extracellular selectivity filter, human 

macrophage SCN5A does not generate action potentials and mediates small inward and outward 

cation currents [3]. Activation of human macrophage SCN5A by cytoplasmic poly I:C, a mimic 

of viral dsRNA, increases the inward sodium current and leads to increased transcription of anti-

viral genes through an ATF2-dependent mechanism. Based on these results, we hypothesized 

that human macrophage SCN5A is a pattern recognition molecule that initiates innate immune 

signaling. 

 We also postulated that this signaling pathway was evolutionarily conserved. Drosophila 

and other insects express products of the para sodium channel gene which regulate neuronal 

excitability [4].  We reasoned that variants of these sodium channel genes may utilize similar 

mechanisms as human macrophage SCN5A and be particularly relevant in insect vectors of viral 

disease. To test this hypothesis, we characterized a sodium channel variant encoded by the 

AAEL006019 gene in Aedes aegypti, the yellow fever mosquito [5]. Our data suggest that the 

AAEL006019 channel is an intracellular pathogen sensor that is activated by mimics of virally-

derived ssRNA to regulate innate immune responses. 



2. Materials and Methods 

2.1. Cells.  

The Aedes aegypti cell line, CCL-125, was obtained from ATCC.  Cells were grown in 

Leibovitz’s L15 medium supplemented with 10% fetal bovine serum (FBS), 10% tryptose 

phosphate broth, glutamine, sodium pyruvate, and non-essential amino acids. 

HEK-293F cells were obtained from Life Technologies and maintained as a suspension 

culture in 293 Freestyle media. Stably transfected cells were selected and maintained in 

hygromycin (250 µg/ml). 

2.2. Gene cloning and transfections.  

The XM_001657308.1 transcript (NCBI) encoded by the AAEL006019 gene was 

synthesized (Genscript) and cloned into the pCEP4-hygro vector (Life Technologies). Plasmid 

transfections of empty vector (pCEP4-hygro) or vector containing the AAEL006019 construct 

were performed using TransIT X2 transfection reagent (Mirus).  

2.3. Immunofluorescence.  

For immunofluorescence staining, cell monlayers were fixed in 4% paraformaldehyde, 

washed with PBS, and blocked in PBS containing 5% serum, 0.1% Triton X-100, and 1% BSA.  

Primary and secondary antibodies were diluted in blocking solution.  Guinea pig anti-pan sodium 

channel antibody was obtained from Alomone and used at a dilution of 1:400. This antibody 

targets an epitope that is highly homologous in vertebrate, molluscan and insect sodium 

channels. Alexa 545-labelled phalloidin, and Alexa 488 goat anti-guinea pig were obtained from 

Life Technologies. For phagocytosis experiments, FluoSpheres sulfate microspheres (1µm; 

580/605; Life Technologies) were pre-treated with CCL-125 conditioned media for 60 min (1% 

solids), washed, and added to CCL-125 cells in serum-free HBSS (0.01% solids) for 60 min.  



Cells were then washed, fixed, and prepared for antibody staining. Fluorescent images were 

acquired and analyzed using a Zeiss Axiovert 200 fluorescent microscope equipped with an 

Axiocam-MRm CCD camera (Zeiss) and Axiovision version 4.8 software. 

2.4. Real time PCR.  

RNA purification, reverse transcription, qPCR, and data analysis were performed as 

described previously [6]. Data was acquired on a Cepheid SmartCycler and analyzed by the ΔCt 

method with normalization to either Ae. aegypti ribosomal gene Rp49 or human HMBS 

(hydroxymethylbilane synthase). TaqMan primers were obtained from Applied Biosystems/Life 

Technologies. Probe sequences for Rp49 and Ae. aegypti voltage-gated sodium channel 

transcripts were based on Martins et al. [7]. Primer sequences were: Rp49, F: 5′-ACATCGG-

TTACGGATCGAACAAG-3′, R: 5′-TGTGGACCAGGAACTTCTTGAAG and probe 5′-FAM-

CACCCGCCATATGCT-NFQ; Ae. aegypti sodium channel, F: 5′-ACCGACTTCATGCACT-

CATTCAT, R: 5′ ACAAGCATACAATCCCACATGGA and probe 5′-FAM- ACCGACT-

TCATGCACTCATTCAT CCACTCGCCGCATAAT-NFQ;  RelA F: 5′-GTCCGATCTG-

GTGATCTGTAAGTT-3′, R: 5′-CGACCTTCTCACACAGCAAAATAAT, probe 5′-FAM-

CTGCCACCGGCTACC-NFQ; Ago2, F: 5′- CAACAATGCTCCAACCATCAAAGAA, R: 5′-

CCGTCAACCGTTTCGAAGTTATTT, probe: 5′-FAM-CCGACGCTCACTCCAA-NFQ.  

2.5. Whole cell patch clamp.  

Whole cell patch clamp analysis of transfected HEK-293F cells that were grown as 

suspension cultures was performed on a planar chip system (Nanion, Munich, Germany). 

Microchips had an equivalent resistance of 2-5 MΩ. Cells were placed on the microchip, and 

giga-Ω seals (1-4 GΩ) were obtained with an automated suction device (port-a-patch). Mean cell 

capacitance was 6.7 + 0.3 pF (n=9). Whole cell currents were recorded for 20 mS in 20 mV 



increments from -120 to +80 mV utilizing pClamp 10.3.1 software. Data were acquired at a 

sampling frequency of 20 kHz and a low pass Bessel filter setting at 5 kHz. Capacitative 

transients and series resistance were compensated (approximately 80%) with amplifier settings 

(Axopatch 200B) in conjuction with pClamp software. P/4 leak subtraction was performed for all 

recordings used for analysis. All recordings were performed at room temperature. 

Intracellular solutions (pH 7.2, 285 mOsmol) contained either 50 mM CsCl, 10 mM 

NaCl, 60 mM Cs fluoride, 20 mM EGTA and 10 mM Hepes (Cs internal solution) or 50 mM 

KCl, 10 mM NaCl, 60 mM K fluoride, 20 mM EGTA and 10 mM Hepes (K internal solution). 

For experiments with poly I:C or ORN-02 treatment, 1 µg/ml  poly I:C or 500 ng/ml ORN-02 

was added directly to the internal solution of the microchip.  

Extracellular solutions (pH 7.4, 298 mOsmol) contained either 140 mM NaCl, 4 mM 

KCl, 1 mM MgCl2, 2 mM CaCl2, 5 mM D-glucose and 10 mM Hepes (Na external solution) or 

100 mM NMDG, 30 mM CaCl2, 10 mM D-glucose and 20 mM Hepes (NMDG-Ca external 

solution). As indicated, R848 (1 µM; Invivogen) was added to the external bath solution. 

Statistical analysis. Data were analyzed as indicated using ImageJ, Axiovision, 

Kaleidagraph (student t-test and ANOVA), and pClamp. 

 

 

 

 

 

 

 



3. Results 

3.1. Identification of variants of voltage-gated sodium channel genes in the Ae. aegypti genome. 

Our initial goal was to identify sodium channel transcripts from Ae. aegypti that would be 

predicted to have a cytoplasmic localization and generate small peak currents as compared to the 

canonical para-like gene products.  Based on database searches, we identified transcripts of the 

AAEL006019 gene as candidates [5]. As compared to the para genes, products of AAEL006019 

contain deletions in a portion of the DII-DIII cytoplasmic linker and at the N-terminus (Fig. 1).  

These deletions are distinct from those in the human macrophage SCN5A variant, which contains 

a deletion in the DIII S5-S6 extracellular selectivity filter [8]. However, a similar DII-DIII 

deletion has been described in a fetal variant of SCN5A, NaV1.5d [9]. That variant demonstrates 

a marked reduction in peak currents. Based on these data, our prediction was that AAEL006019 

encodes products that have reduced peak currents, and, because of the N-terminal deletion, 

localize to intracellular organelles rather than the plasma membrane. 

3.2. The AAEL006019 sodium channel variant localizes to cytoplasmic vesicles and phagosomes 

when expressed in CCL-125 cells. 

The XM_001657308.1 transcript (NCBI) encoded by the AAEL006019 gene was cloned into an 

expression vector (pCEP4) and expressed in CCL-125 cells, an Ae. aegypti cell line. This line 

was originally derived from larvae and is permissive to infection with dengue virus [10]. 

Immunofluorescence staining for voltage-gated sodium channels revealed a high level of 

cytoplasmic, vesicular staining in cells transfected with plasmid containing the transcript (Fig. 

2a). This staining pattern is similar to that observed for other intracellular voltage-gated sodium 

channels, including the human macrophage SCN5A channel. A low level of staining was 



observed in control-transfected (empty vector) CCL-125 cells that could reflect expression of 

baseline sodium channel expression in this cell line or nonspecific background staining. 

 We also examined whether or not the channels would be associated with phagosomes. 

The human macrophage SCN5A channel is expressed on late endosomes and is associated with 

phagosomes [2, 6]. Following uptake of fluorescent micro-spheres in transfected CCL-125 cells,  

channel staining was observed on the surface of phagosomes (Fig. 2b). These results suggested 

that the AAEL006019 channel has a similar subcellular localization to the human macrophage 

SCN5A sodium channel. 

3.3. The AAEL006019 sodium channel variant mediates a small inward current in HEK-293F 

cells. 

Stably transfected HEK-293F cells lines were generated that express the AAEL006019 sodium 

channel and a hygromycin resistance gene or the resistance gene alone (control cells). 

Electrophysiologic analysis revealed that a small inward current could be detected in the 

AAEL006019 cells that was not observed in control cells (Fig. 2b-d). This current was maximal 

at -20 mV and could be inhibited by a high dose of permethrin (500 nM), a modulator of insect 

voltage-gated sodium channels (Fig. 2c-d). At the dose used, permethrin and related pyrethrins 

reduce peak sodium currents [11, 12]. Replacement of extracellular sodium with NMDG 

markedly reduced the peak inward current (Fig. 2d). 

 Statistical analysis at -20 mV showed a current of  -23.24 + 0.92 pA/pF for untreated 

AAEL006019 cells (n= 21; P<0.001 vs each condition, ANOVA), -10.29 + 0.56 pA/pF with 

permethrin treatment (n=14), 1.93 + 1.26 for the NMDG condition (n=9), and -0.96 + 1.26 

pA/pF for control cells (n=11). 



As with other channel variants that contain amino acid deletions such as human 

macrophage SCN5A [3] and NaV1.5d [9], this peak current was much smaller than that observed 

with full-length variants. However, unlike human macrophage SCN5A, the AAEL006019 channel 

did not modulate the outward, endogenous currents. This difference is likely due to a deletion in 

the extracellular selectivity filter in macrophage SCN5A; this deletion is not present in 

AAEL006019. 

3.4. R848 and ORN-02 increase the inward current mediated by the AAEL006019 sodium 

channel variant. 

We reasoned that AAEL006019 may act as a viral pathogen sensor because of the activation of  

human macrophage SCN5A by intracellular dsRNA [3].  In addition, the role of Ae. aegypti as a 

vector of human viral pathogens suggested the presence of related anti-viral pathways in the two 

species. However, the presence of poly I:C (1 µg/ml)  in the intracellular buffer did not result in 

activation of the AAEL006019 channel (Fig. 3b). 

We next examined other potential viral-associated molecular patterns as channel 

activtors. Mimics of virally-derived ssRNA include RNA oligonucleotides that contain stretches 

of polyU and synthetic molecules such as the imidazolquinoline, R848 [13, 14].  In contrast to 

poly I:C, R848 (1 µM) or ORN-02 (500 ng/ml; intracellular) increased the inward current in 

293F-AAEL006019 cells (Figs. 3-4). This effect was inhibited by permethrin or replacement of 

extracellular sodium with NMDG and was not observed in control cells.  

Statistical analysis of the peak current at +20 mV showed a current of -65.79 + 3.73 

pA/pF (n=12) for R848 treatment of 293F-AAEL006019 cells, 12.40 + 11.44 pA/pF (n=18) for 

poly I:C treatment of 293F-AAEL006019 cells, 25.89 + 1.54 pA/pF (n=14) for R848+permethrin 

in the AAEL006019 condition, -0.73 + 0.87 pA/pF (n=16) for R848 in the presence of 



extracellular NMDG in the AAEL006019 condition, -56.59 + 1.54 pA/pF (n=12) for ORN-02 

treatment (intracellular) in the AAEL006019 condition, and 1.10 + 4.25 pA/pF (n=10) for R848 

treatment in control cells (293F-hygromycin). (P<0.001 for R848 and ORN-02 treatment in 

293F-AAEL006019 as compared to other conditions.) These results suggested that the 

AAEL006019 channel could act as a sensor for virally-derived ssRNA. 

3.5 R848 treatment increases expression of RelA and Ago2 transcripts in CCL-125 cells that 

express AAEL006019 channel variant 

Activation of the human macrophage SCN5A channel by poly I:C increases expression of anti-

viral genes. To determine if a similar mechanism occurs in response to AAEL006019 activation, 

we treated CCL-125 cells with R848 and assessed expression of two genes that regulate insect 

innate immunity, Ae. aegypti RelA and Ago2. To examine transcriptional regulation, we 

transfected CCL-125 cells with a plasmid that contains an insert that encodes the AAEL006019 

gene product or with control, empty vector plasmid.  As assessed by real-time PCR, there was 

greater than a 100-fold increase in sodium channel transcripts in the AAEL006019-transfected 

cells (Fig. 4a).  Statistical analysis revealed 283.0 + 51.3 mRNA copies/RP49 x10-3 in 

AAEL006019 transfected cell versus 2.3 + 0.3 mRNA copies/RP49 x10-3 in control transfected 

cells (n=4, P<0.05; RP49 is a ribosomal housekeeping gene). 

Short-term treatment (4 hrs) with R848 (500 nM) led to an increase in expression of RelA 

and Ago2 transcripts in CCL-125 cells transfected with the AAEL006019 transcript but not in 

control (empty vector) transfected cells (Fig. 4b-c). In AAEL006019-transfected cells, there were 

8.9 + 0.7 RelA mRNA copies/RP49 x10-3 with R848 treatment versus 5.2 + 0.3 RelA mRNA 

copies/RP49 x10-3 (n=4, P<0.01) in vehicle treated cells; 42.30 + 4.90 Ago2 mRNA copies/RP49 

x10-3 with R848 treatment versus 29.60 + 4.4 Ago2 mRNA copies/RP49 x10-3 in vehicle treated 



cells (n=6, P<0.01). In control transfected cells, there were 11.1 + 0.8 RelA mRNA copies/RP49 

x10-3 with R848 treatment versus 10.3 + 2.3 mRNA copies/RP49 x10-3 in vehicle-treated cells; 

23.1 + 3.6 Ago2 mRNA copies/RP49 x10-3 with R848 treatment versus 31.9 + 7.1 Ago2 mRNA 

copies/RP49 x10-3 in vehicle-treated cells. These results suggested that activation of 

AAEL006019 increases transcription of immune-regulatory genes in response to a viral-

associated molecular pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. Discussion 

We here propose that the AAEL006019 gene in Ae. aegypti encodes a voltage-gated sodium 

channel that acts as an intracellular sensor for virally-derived ssRNA. The voltage-gated sodium 

channel encoded by the AAEL006019 gene appears to be distinct from channels that are encoded 

by para-like genes. AAEL008297 and AAEL013277 can potentially encode for full-length para 

subtypes that have a longer N-terminal region and an intact DII-DIII linker and produce action 

potentials in neuronal cells [5].  The AAEL006019 channel shares some features with the human 

macrophage SCN5A splice variant. The AAEL006019 channel demonstrates an intracellular 

localization and contains a deletion that reduces peak currents; however, it is activated by 

mimics of ssRNA rather than intracellular dsRNA and does not contain a deletion in the 

extracellular selectivity filter.  

These findings are relevant to the pathogenesis of viral disease in humans because Ae. 

aegypti is a vector for several (+)ssRNA viruses. These include the flaviviruses that cause 

dengue and yellow fever and the alphavirus chikungunya [15].  Oral infection of mature Ae. 

aegypti with dengue leads to a dose-dependent infection of the midgut with subsequent 

dissemination to the salivary glands [16].  Transmission of the virus to humans is dependent on a 

balance between Ae. aegypti innate immune mechanisms, permissive viral replication and host 

survival. 

We hypothesize that the AAEL006019-regulated signaling is relevant to flavivirus 

infection and transmission through regulation of innate immunity regulated by the RelA and 

Dicer/Ago2 pathways. However, it remains unclear where the AAEL006019 sodium channel is 

expressed in larva and mature organisms. We selected the CCL-125 larval cell line for our 

studies because of its availability, potential infectivity, and epithelial-like morphology [10]. It is 



relevant to transovarial transmission of virus [16] and may mimic responses to virus by other 

epithelial-like cells that are present in the midgut and salivary glands. 

Despite the limitations of the present study, we provide evidence of a potentially novel 

innate immune signaling pathway in an invertebrate model that partially mimics a related sodium 

channel-dependent mechanism in human macrophages. These mechanisms likely represent a 

complex interplay between evolutionarily conserved voltage-gated sodium channel genes and 

coevolution between host, vector and virus. 
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Figure legends 

Fig. 1. The AAEL006019 sodium channel localizes to cytoplasmic vesicles and phagosomes 

when expressed in CCL-125 cells. a. The AAEL006019 sodium channel variant was expressed 

in the Aedes aegypti cell line CCL-125. Immunofluorescence staining was performed with an 

anti-pan sodium channel antibody that recognizes a conserved epitope in mammalian, molluscan 

and invertebrate channel and revealed a vesicular-type, cytoplasmic staining pattern (green) in 

transfected cells (bottom micrographs) that express a high level of the gene product but much 

less intense staining in control transected cells (top). Phalloidin staining to label F-actin is shown 

in red, and DAPI nuclear staining in blue. b. CCL-125 cells that express the AAEL006019 

sodium were challenged with coated fluorescent microspheres (red). Sodium channel staining 

(green) demonstrated the presence of staining associated with phagosomes. Scale bars, 10 µm) 

Fig. 2. The AAEL006019 sodium channel mediates a small inward current. a. AAEL006019 

was stably transfected into HEK-293F. Anti-pan sodium channel staining is shown in green and 

demonstrates surface expression in the AAEL006019 cells (top). Background staining in cells 

stably transfected with the hygromycin resistance gene alone (293F-pCEP4) did not demonstrate 

cell surface staining and a minimal degree of background cytoplasmic staining (scale bar, 5 µm). 

b. Patch clamp analysis revealed an endogenous outward current in 293F-pCEP4 control cells 

(top tracing) and the presence of a small inward current (arrow, second tracing from top) in 

addition to the endogenous outward current in 293F-AAEL006019 cells.  R848, a synthetic viral-

associated molecular pattern, stimulated an increase in the inward current (bottom tracing, 

analysis shown in Fig. 3). c-d. I-V curve analysis of tracings performed in the absence of viral-

associated molecular patterns showed a maximal inward current in the 293F-AAEL006019 cells 

that was maximal at -20 mV.  This inward current was not observed in 293F-pCEP4 control 



cells, was reduced by treatment with high dose permethrin (500 nM), a modulator of insect 

voltage-gated sodium channels, and was not present when extracellular sodium was replaced 

with NMDG. Statistical analysis at -20 mV showed a current of  -23.24 + 0.92 pA/pF for 

untreated AAEL006019 cells (n= 21; P<0.001 vs each condition, ANOVA), -10.29 + 0.56 pA/pF 

with permethrin treatment (n=14), 1.93 + 1.26 for the NMDG condition (n=9), and -0.96 + 1.26 

pA/pF for control cells (n=11). Pooled recordings were from 22 cells for the AAEL006019 

conditions and 4 cells from controls. 

Fig. 3. R848 and ORN-02 increase the inward current mediated by AAEL006019. a-b.  

Treatment of 293F-AAEL006019 cells with the viral-associated molecular patterns R848 (1 µM) 

or ORN-02 (500 ng/ml; intracellular) increased the inward current and demonstrated a maximal 

effect at +20 mV. This effect was not observed with either poly I:C (1 µg/ml; intracellular) 

treatment of 293F-AAEL006019 cells or with R848 treatment of 293F-pCEP4 control cells. The 

R848 effect in 293F-AAEL006019 cells was blocked by either high dose permethrin (500 nM) or 

replacement of extracellular sodium with NMDG. Statistical analysis at +20 mV showed a 

current of -65.79 + 3.73 pA/pF (n=12) for R848 treatment of 293F-AAEL006019 cells, 12.40 + 

11.44 pA/pF (n=18) for poly I:C treatment of 293F-AAEL006019 cells, 25.89 + 1.54 pA/pF 

(n=14) for R848+permethrin in the AAEL006019 condition, -0.73 + 0.87 pA/pF (n=16) for R848 

in the presence of extracellular NMDG in the AAEL006019 condition, -56.59 + 1.54 pA/pF 

(n=12) for ORN-02 treatment (intracellular) in the AAEL006019 condition, and 1.10 + 4.25 

pA/pF (n=10) for R848 treatment in control cells (293F-pCEP4). (P<0.001 for R848 and ORN-

02 treatment in 293F-AAEL006019 as compared to other conditions.) 

Fig. 4. R848 treatment increases transcription of immune-related genes in CCL-125 that 

express high levels of the AAEL006019 sodium channel. A. CCL-125 cells, an Aedes aegypti 



cell line, were transfected with a plasmid that encodes the AAEL006019 sodium channel variant. 

QPCR analysis revealed a greater than 100-fold increase in sodium channel transcripts as 

compared to control transfected cells (283.0 + 51.3 mRNA copies/RP49 x10-3 in AAEL006019 

transfected cell versus 2.3 + 0.3 mRNA copies/RP49 x10-3 in control transfected cells, n=4, 

P<0.05; RP49 is a ribosomal housekeeping gene). B-C. Treatment with R848 (1 µM for 4 hrs) 

led to an increase in RelA and Ago2 transcripts in CCL-125 in cells that expressed high levels of 

AAEL006019 transcripts but not in control transfected cells. In AAEL006019-transfected cells, 

there were 8.9 + 0.7 RelA mRNA copies/RP49 x10-3 with R848 treatment versus 5.2 + 0.3 RelA 

mRNA copies/RP49 x10-3 in vehicle-treated cells (n=4, P<0.01); 42.30 + 4.90 Ago2 mRNA 

copies/RP49 x10-3 with R848 treatment versus 29.60 + 4.4 Ago2 mRNA copies/RP49 x10-3 in 

vehicle-treated cells (n=6, P<0.01). In control transfected cells, there were 11.1 + 0.8 RelA 

mRNA copies/RP49 x10-3 with R848 treatment versus versus 10.3 + 2.3 RelA mRNA 

copies/RP49 x10-3 in vehicle-treated cells; 23.1 + 3.6 Ago2 mRNA copies/RP49 x10-3 with R848 

treatment versus 31.9 + 7.1 Ago2 mRNA copies/RP49 x10-3 in vehicle-treated cells. 

 

Supplemental figure. 

Fig. S1. Alignment of the AAEL006019 protein product with the Ae. aegypti para voltage-

gated sodium channel demonstrates deletions at the N-terminus and in a portion of the DII-

DIII cytoplasmic linker. 
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