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Abstract
Aim: Brugada syndrome is an inherited cardiac disease with an increased risk of 
sudden cardiac death. Brugada syndrome has been linked to mutations in SCN5A, the 
gene encoding the a-subunit of cardiac Na+ channel. In this study, a novel SCN5A gene 
mutation (D1714G) is reported, which has been found in a 57-year-old male patient. 
Since the mutation is located in a segment of the ion-conducting pore of the cardiac 
Na+ channel, which putatively determines ion selectivity, it may affect ion selectivity 
properties.
Methods: HEK-293 cells were transfected with wild-type (WT) or D1714G α-subunit 
and β-subunit cDNA. Whole-cell configuration of the patch-clamp technique was 
used to study biophysical properties at room temperature (21°C) and physiological 
temperature (36°C). This study represents the first measurements of human Na+ 
channel kinetics at 36°C. Ion selectivity, current density, and gating properties of WT 
and D1714G channel were studied.
Results: D1714G channel yielded nearly 80% reduction of Na+ current density at 21°C 
and 36°C. At both temperatures, no significant changes were observed in V1/2 values 
and slope factors for voltage-dependent activation and inactivation. At 36°C, but not at 
21°C, D1714G channel exhibited more slow inactivation compared with WT channel. 
Ion selectivity properties were not affected by the mutation at both temperatures, as 
assessed by either current or permeability ratio.
Conclusion: This study shows no changes in ion selectivity properties of D1714G 
channel. However, the profoundly decreased current density associated with the 
D1714G mutation may explain the Brugada syndrome phenotype in our patient.
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Introduction
In this chapter, we study a novel SCN5A gene mutation (D1714G), which has been 
found in a 57-year-old male patient of Chinese origin. His ECG showed the typical ECG 
characteristics of the Brugada syndrome (for details, see Results; Figure 1A). Mutational 
analysis of the SCN5A gene revealed a SCN5A single nucleotide substitution, which is 
predicted to replace aspartic acid (D) with glycine (G) at position 1714 (D1714G) (see 
Methods and Results sections; Figure 1B). Since the mutation is located in the P-loop 
(lining the ion-conducting pore of the cardiac sodium [Na+] channel), we hypothesized 
that the mutation may affect ion selectivity. A homologous mutation has been studied 
in an engineered mutant rat skeletal muscle Na+ channel (µ1) (D1532C). The mutant 
µ1 showed enhanced permeability of K+ compared with wild-type (WT) µ1.1-2 The 
mutant D1714G cardiac Na+ channel may also have lost its selective permeability for 
Na+ ions and become more permeable to other ions. A higher permeability to K+ ions 
may lead to an outward repolarizing K+ current through the SCN5A mutant channels. 
This would lead to a reduction of net inward depolarizing Na+ current through these 
channels, and cause the Brugada syndrome.

The hypothesis of altered ion selectivity is tested by using the patch clamp 
technique, and analyzing ion selectivity properties of WT and mutant D1714G cardiac 
Na+ channels at room temperature (21°C) and physiological temperature (36°C). 
Gating properties are also studied to exclude possible changes because of the D1714G 
mutation. Of note, this is the first report of human cardiac Na+ current measured 
at 36°C. This may have significance, since Na+ channel properties are temperature-
dependent and gating changes of Na+ channel mutations may be more prominent at 
near physiological temperature than at room temperature.3-6 

Methods
The investigation conforms to the principles outlined in the Declaration of Helsinki. 

Mutational analysis of SCN5A 
Genomic DNA was extracted from peripheral blood lymphocytes using standard 
protocols. All 28 protein-encoding exons of SCN5A were amplified by polymerase 
chain reactions. Comprehensive mutational analysis of all SCN5A exons was performed 
by single stranded conformation polymorphism (SSCP), and direct DNA sequence 
analysis as previously described.7

Site-directed mutagenesis and transfection
The D1714G substitution was introduced into the SCN5A complementary DNA 
(cDNA) by site-directed mutagenesis. HEK-293 cells were cotransfected with 0.5µg of 
Na+ channel α-subunit cDNA (WT or mutant) and 0.5µg β-subunit cDNA. Transfected 
cells were identified under epifluorescent microscopy using green fluorescence protein 
(GFP) as a reporter gene.
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Electrophysiology
Na+ currents were measured at 21±0.1°C and 36±0.1°C, using the whole-cell 
configuration of the patch-clamp technique with an Axopatch 200B amplifier (Axon 
Instruments, Union City, CA, USA). Pipettes were pulled from borosilicate glass 
capillaries using a vertical microelectrode puller. Open tip resistances of pipettes filled 
with intracellular fluid for current recordings were 2-3MΩ. The voltage dependence of 
the relative Na+ conductance activation, voltage-dependent inactivation, recovery from 
inactivation, and slow inactivation were determined by means of custom voltage-clamp 
protocols modified from those published previously.8 Details of each pulse protocol 
are given schematically in the figures and explained in the Results section. Currents 
were filtered at 5 kHz and digitized at 10 kHz. The pH of solutions was corrected for 
temperature; no corrections for the liquid junction potentials (7.7mV and 8.1mV at 
21°C and 36°C, respectively) were made. Currents were normalized to cell capacitance 
(Cm). Cm was estimated by dividing the time constant of the decay of the capacitive 
transient (τc) in response to 5mV hyperpolarizing voltage clamp steps from -120mV by 
the series resistance (Rs).

Recordings of macroscopic Na+ currents at 36°C are technically challenging 
because of relatively fast (in)activation kinetics and large current amplitudes.4-5,9 To 
optimize the measurements, we selected small HEK-293 cells [9.35±0.79 pF (mean 
± SEM)] which tend to exhibit smaller currents and smaller capacitance transients.9 
Moreover, Cm and Rs were adjusted to obtain minimal contribution of the capacitive 
transients. A >85% compensation of the Rs was typically achieved without ringing. For 
current density measurements, all cells were included. For measurements of gating 
properties, two indexes of voltage control that we required to be present were a graded 
slope of the (in)activation curve (Boltzmann slope factors: >4.5 and >4.0 for activation 
and inactivation, respectively) and scaling of currents of different amplitudes to the 
same test potential as in recovery from inactivation and slow inactivation protocols.4,10 
Finally, to minimize effects of the time-dependent change of channel availability,11 one 
cell was used to measure one parameter only (activation, inactivation, recovery from 
inactivation, slow inactivation, or channel availability), within 4 min after the whole 
cell configuration was achieved.4 We also carefully monitored time-dependent changes 
in peak current amplitudes and selected data for statistical analysis only from cells 
which exhibited <5% rundown over the time course of the experiment.9

Solutions
The pipette solution contained (mM): 10 CsCl, 110 CsF, 10 NaF, 11 EGTA, 1 CaCl2, 1 
MgCl2, 2 Na2ATP, 10 HEPES, pH 7.2 (CsOH). The extracellular bath solution contained 
(mM): 140 NaCl, 10 CsCl, 2 CaCl2, 1 MgCl2, 5 glucose, 10 HEPES, pH 7.4 (NaOH). 
In tests of selectivity NaCl in the extracellular solution was replaced with KCl on an 
equimolar basis, and the pH was adjusted with NMDG-OH.
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Current and permeability ratios
Both current ratios and permeability ratios can provide equivalent interpretations of 
ion selectivity. Current ratios were determined from the ratio of peak inward current 
in the presence of extracellularly applied K+ ions to the peak inward current in the 
presence of Na+ ions (IK,max/INa,max). Permeability ratios (PK/PNa) were calculated from 
the difference between the reversal potentials obtained in the K+ bath solution and 
in control Na+ solution using the Goldman-Hodgkin-Katz equation: EK - ENa = RT/
zF . In{PK[K]o/PNa[Na]o}, where EK and ENa are the reversal potentials for the K+ and 
Na+, respectively, [X]o the concentration of the tested cation in the bath solution, 
z the valence of the tested cation (Na+, K+ = 1), R the gas constant, T the absolute 
temperature, and F the Faraday constant.2

Statistics
Values are expressed as mean ± SEM. Values are considered significantly different if P 
< 0.05 in unpaired t-test or in two-way repeated measure of analysis of variance (two-
way repeated measures ANOVA) followed by pairwise comparison using the Student-
Newman-Keuls test.

Results

ECG and sequence analysis
Figure 1A shows an ECG of the patient which exhibits typical Brugada syndrome 
features, notably ST-segment segment elevation in V1-V3, i.e. precordial leads overlying 
the right ventricle (Fig. 1a, arrows). As reported earlier,12 these abnormal ST-segments 
are also present in leads designated V1 (IC3) and V2 (IC3), which are positioned over 
the third intercostal space cranially from V1 and V2, respectively. DNA sequencing 
of SCN5A identified a heterozygous nucleotide change (Fig. 1B, arrows). An A to G 
transition is predicted to result in replacement of aspartic acid (D) at position 1714 by 
glycine (G). Figure 1C shows a schematic representation of the main pore-forming Na+ 
channel subunit displaying the location of the D1714G mutation.

Current density in WT and D1714G Na+ channels
Representative Na+ currents, activated by 50 ms depolarizing pulses from a holding 
potential of -120mV, from WT and D1714G transfected cells at 21°C and 36°C are 
shown in Figure 2A. While current amplitudes were generally larger at higher 
temperatures, D1714G Na+ currents were significantly smaller than WT currents. The 
average current-voltage relationships of both WT and D1714G Na+ currents show 
that, at peak current, the D1714G mutation resulted in significant reduction of Na+ 
current density at both temperatures (Figure 2B). Table 1 summarizes the maximal 
peak currents. At 21°C and 36°C, maximal peak current was reduced by 83% and 79%, 
respectively.
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Figure 1. eCG and sequence 
analysis of the d1714G 
Brugada syndrome patient. (A) 
eCG exhibits typical Brugada 
syndrome features. Arrows 
indicate ST-segment elevation. 
pathognomonic ‘coved-type’ ST 
elevation is observed in leads V1, 
V2, V1 (iC3), and V2 (iC3). Leads V1 

(iC3) and V2 (iC3) are positioned 
over the third intercostal 
space, cranially from V1 and 
V2, respectively. (B) Sequence 
analysis. Arrows indicate the A 
to G transition. (C) Schematic 
representation of the main pore-
forming Na+ channel subunit 
displaying the location of the 
d1714G mutation.

Gating properties of WT and D1714G Na+ channels
To determine the activation characteristics of WT and D1714G Na+ channels, current-
voltage curves, as shown in Figure 2B, were normalized to maximum peak current and 
fitted to a Boltzmann distribution curve. The resulting curves for voltage-dependence 
of activation for both WT and D1714G Na+ channels are shown in Figure 3A. Activation 
curves of WT and D1714G Na+ channels matched closely at both 21°C and 36°C. 
Accordingly, V1/2 (membrane potential for half-maximal activation) and slope factor k 
values for D1714G and WT Na+ channel activation were not significantly different, as 
summarized in Table 1. 

Voltage-dependent inactivation relationships were obtained by measuring the 
peak currents during a 50ms test step to -20mV, which followed a 500ms pre-pulse 
to membrane potentials between -120mV and +25mV to allow inactivation. Test 
pulse current amplitude was normalized to the maximum current recorded during 
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the pre-pulse and plotted versus the prepulse voltage to assess the voltage-dependent 
inactivation curve. This curve was fitted to the Boltzmann distribution function (y=A/
{1+exp[(V-V1/2)/k]}) to determine the V1/2 (membrane potential at which 50% of Na+ 
channels have entered an inactivated state) and slope factor k of voltage-dependent 
inactivation. The voltage-dependence of inactivation for both WT and D1714G Na+ 
channels cells at 21°C and 36°C are shown in Figure 3B. These inactivation properties 
of D1714G Na+ channels were indistinguishable from those of WT at both temperatures 
(Figure 3B, Table 1).

The recovery course is shown in Figure 4. Recovery from inactivation was measured 
using a two pulse protocol, where a conditioning pulse (P1) to -20mV inactivated Na+ 
channels, followed by a test pulse (P2) to -20mV after a variable recovery interval 
ranging between 0.1ms and 1000ms at a recovery potential of -120mV. The peak 
current in response to P2 was normalized to the maximum peak current at P1 and 

Figure 2. Current densities of WT and d1714G Na+ channels at 21°C (left panels) and 36°C (right panels). (A) 
examples of whole-cell Na+ current traces, as measured from HeK-293 cells transiently transfected with WT or 
d1714G α-subunit and β-subunit. Currents were generated from a holding potential of -120mV by applying 50ms 
voltage steps from -120mV to +50mV in 5mV increments (cycle lengths: 5s and 2s at 21°C and 36°C, respectively). 
(B) Current-voltage relationship for WT and d1714G, normalized to cell capacitance to obtain current densities. ‘n’ 
indicates number of HeK-293 cells measured. Note that the current density is significantly smaller in d1714G in the 
voltage range -50mV to 40mV at both 21°C and 36°C.
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Figure 3. Activation and inactivation properties of WT and d1714G Na+ channels at 21°C (left panels) and 36°C 
(right panels). (A) Voltage-dependence of activation for WT and d1714G. Currents were generated from a holding 
potential of -120mV by applying 50ms voltage steps from -120mV to +50mV in 5mV increments (see protocol inset). 
The resulting current amplitude at each voltage was divided by the maximum peak Na+ current and plotted versus 
the corresponding voltage to obtain the voltage-dependent activation curve. Solid lines represent the Boltzmann 
fits of the average data; ‘n’ indicates number of HeK-293 cells measured. (B) Voltage-dependence of inactivation 
for WT and d1714G. Voltage-dependence of inactivation was obtained by measuring the peak Na+ current during a 
50ms test step to -20mV, which followed a 500ms pre-pulse to membrane potentials between -120mV and +25mV 
from a holding potential of -120mV (see protocol inset). Test pulse current amplitude was divided by the maximum 
current recorded during the pre-pulse to -120mV and plotted versus the voltage of the pre-pulse to construct the 
voltage-dependent inactivation curve (cycle lengths: 5s and 2s at 21°C and 36°C, respectively). Solid lines represent 
the Boltzmann fits of the average data; ‘n’ indicates number of HeK-293 cells measured.

plotted versus the recovery time interval. The resulting curve was fitted to a double-
exponential function to obtain the time constants of the fast and the slow components 
of recovery from inactivation: INa = [Af . exp(-t/τf)] + [As . exp(-t/τs)], where t is the 
recovery time interval, τf and τs the time constants of fast and slow components, and 

CHApTer 3

70



Af and As the fractions of the fast and slow component. All time constants of recovery 
from inactivation were faster at higher temperature (Figure 4, Table 1). Time constants 
of recovery from inactivation were not significantly different between WT and D1714G 
Na+ channels at 21°C and 36°C (Figure 4, Table 1).

The slow inactivation course is shown in Figure 5. To assess slow inactivation, we 
used a two pulse protocol with an initial conditioning pre-pulse to -20mV (P1) of 
variable duration ranging between 1ms and 1000ms, followed by a step to -120mV of 
20ms (21°C) or 2ms (36°C) to allow the channels to recover from fast inactivation, and 
a final test pulse to -20mV (P2) to assess the fraction of channels available for activation. 
This fraction was obtained by dividing the current amplitude during P2 by the current 
amplitude during P1, plotted versus the duration of P1, and designated Peak INa (P2/
P1). Consequently, the fraction that entered slow inactivation equals 1-Peak INa (P2/
P1) (Table 1). Slow inactivation was enhanced at higher temperature (Figure 5, Table 
1). D1714G Na+ channels exhibited significantly more slow inactivation compared 
with WT channels at 36°C, but not at 21°C (Figure 5). Table 1 summarizes that slow 
inactivation was enhanced at 36°C from 0.35-0.5.

Table 1: Biophysical properties of WT and D1714G Na+ channels at 21°C and 36°C

21°C 36°C

WT D1714G WT D1714G

Maximal peak Na+ current 
(nA/pF)

-0.98±0.23
(n=13)

-0.17±0.05*
(n=11)

-1.73±0.36
(n=13)

-0.36±0.13*
(n=13)

Activation (n=10) (n=11) (n=9) (n=12)

V1/2 (mV) -36.7±2.2 -35.5±1.6 -37.9±0.9 -36.0±2.3

k (mV) 6.5±0.3 6.5±0.4 5.1±0.2 5.6±0.3

Inactivation (n=10) (n=11) (n=9) (n=9)

V1/2 (mV) -83.3±1.8 -81.3±1.6 -80.3±2.2 -78.4±1.7

k (mV) -5.2±0.2 -5.0±0.2 -4.5±0.1 -4.5±0.1

Recovery from
inactivation (n=12) (n=11) (n=5) (n=5)

τf 4.1±0.8 4.4±0.8 0.56±0.05 0.54±0.07

τs 70.7±14 67.4±17 21.4±2.3 20.7±2.3

Slow inactivation (n=7) (n=7) (n=6) (n=6)

1-Peak INa (P2/P1) 0.19±0.03 0.15±0.03 0.31±0.05 0.53±0.08*

Selectivity (n=5) (n=5) (n=10) (n=9)

IK/INa 0.118±0.022 0.093±0.007 0.105±0.006 0.097±0.011

PK/PNa 0.26±0.04 0.21±0.05 0.16±0.03 0.16±0.02

Mean ± SEM, ‘n’ indicates number of HEK-293 cells measured. V1/2, potential for half-maximal (in)activa-
tion; k, slope factor of (in)activation; τf, fast time constant of recovery from inactivation ; τs, slow time 
constant of recovery from inactivation; 1-Peak INa (P2/P1), fraction of channels that entered into slow 
inactivation with a P1 of 1000 ms; IK/INa, current ratio; PK/PNa, permeability ratios. *P < 0.05 WT versus 
D1714G in unpaired t-test.
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Ion selectivity properties of WT and D1714G Na+ channels
Figure 6 shows the current-voltage relationships of WT and D1714G in the presence of 
Na+ and K+ containing bath solutions. D1714G resulted in 69% (P < 0.01) reduction of 
Na+ current density. The current (IK/INa) and permeability ratios (PK/PNa) were measured 
to determine possible differences in ion selectivity. Table 1 summarizes the current and 
permeability ratios for WT and D1714G Na+ channels. D1714G Na+ channels were 
equally permeable to K+ as WT Na+ channel, with current ratios of 0.11±0.01 for WT 
and 0.10±0.01 for D1714G. The permeability ratios were 0.16±0.03 and 0.16±0.02, 
respectively.

Discussion
We examined gating and ion selectivity properties of a mutant cardiac Na+ channel, 
found in a 57-year-old male patient with Brugada syndrome. We hypothesized that 
the mutation may affect ion selectivity, rendering the mutant D1714G Na+ channels 
more permeable to K+ ions. This would lead to an outward repolarizing K+ current, 

Figure 4. recovery from inactivation in WT and d1714G Na+ channels at 21°C (left panels) and 36°C (right panels). 
recovery from inactivation was measured using a two pulse protocol with a conditioning pulse (p1) to -20mV, 
followed by a 20ms long test pulse (p2) after a variable recovery interval at a hyperpolarizing voltage of -120mV 
ranging between 0.1ms and 1000ms (see protocol insets). The fraction of channels that had recovered following 
the intervals, was calculated by dividing the peak Na+ currents evoked by p2 by the peak current measured during 
p1, and plotted versus the recovery interval (cycle lengths: 5s and 3s at 21°C and 36°C, respectively). Solid lines are 
fits using double-exponential functions (for details, see results section) of the average data; ‘n’ indicates number 
of HeK-293 cells measured.
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Figure 5. Slow inactivation in WT and d1714G Na+ channels at 21°C (left panels) and 36°C (right panels). A two 
pulse protocol was used with an initial conditioning pre-pulse to -20mV (p1) of variable duration ranging between 
1ms and 1000 ms, followed by a 20ms (21°C) or 2ms (36°C) step to -120mV to allow the channels to recover from 
fast inactivation but not slow inactivation, and a final test pulse to -20mV (p2) to assess the fraction of channels that 
had escaped slow inactivation and were available for activation (see protocol inset). This fraction was obtained by 
dividing the current during p2 by the current during p1, and plotted versus the duration of p1 (cycle lengths: 5s and 
2s at 21°C and 36°C, respectively). Solid lines represent fits using mono-exponential functions {iNa = A . [1 - exp(-
t/τ)]} of the average data; ‘n’ indicates number of HeK-293 cells measured. Note that slow inactivation is enhanced 
in d1714G at 36°C, but not at 21°C (*P < 0.05).

Figure 6.  ion selectivity of WT and d1714G Na+ channels at 21°C (left panels) and 36°C (right panels). Current-
voltage relationships of WT and d1714G in the presence of 140mM NaCl or KCl solutions, normalized to the cell 
capacitance to obtain current densities. Currents were generated from a holding potential of -120mV by applying 
50ms voltage steps from -120mV to +50mV during 50ms in 5mV increments (cycle lengths: 5s and 2s at 21°C and 
36°C, respectively). ‘n’ indicates number of HeK-293 cells measured.
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thereby reducing net depolarizing current through these channels and causing Brugada 
syndrome.12  

Ion selectivity properties
However, we found that selectivity properties of the D1714G Na+ channel toward Na+ 
and K+ ions were not different from WT Na+ channel at 21°C and 36°C, using either 
current ratio or permeability ratio measurements. Our results are comparable with 
those reported in a study where this residue was substituted with cysteine (D1714C).13 

The similarity between these findings reinforces the notion that a mutation at the 
D1714 residue of the cardiac Na+ channel does not affect the ion selectivity properties 
of the channel. However, our results differ from those obtained by two previous studies 
of the D1532C mutation in µ1.1-2 The D1532 residue in µ1 is homologous with the 
D1714G residue in the cardiac Na+ channel. According to these studies, the D1532C 
mutation in µ1 causes enhanced permeability for K+ as measured using current ratios. 
A few explanations can be given for the discrepancy between these findings and our 
results. Firstly, in contrast to our study both these studies examined a mutation in 
which aspartic acid (D) is substituted with cysteine (C) instead of glycine (G), and 
this could contribute to differences in results. However, this can hardly be the only 
explanation for the discrepancy between the studies since Chen et al. also substituted D 
with C,13 and their results were comparable with our results. Secondly, Chiamvimonvat 
et al. and Tsushima et al. performed their experiments at 21°C,1-2 while we measured 
the selectivity properties at 21°C and 36°C. However, at both temperatures, we found 
that the selectivity properties were unaltered. This suggest that an effect of temperature 
on selectivity and ion permeation through cardiac Na+ channel likely can be ruled 
out.3,5 Another methodological difference between our study and Tsushima et al. is the 
use of β-subunit in combination with α-subunit to express Na+ channels.2 Previous 
studies reported a clear role of β-subunit in skeletal muscle, demonstrating that co-
expression with α-subunit modulates gating properties of skeletal Na+ channel and 
increases the efficiency of their expression.14 It is possible that co-expression of 
α-subunit and β-subunit also alters the selectivity properties of Na+ channels and thus 
explain the discrepancy between our results and those of Tsushima et al.2 Finally, there 
is a difference in the use of expression system between our study and previous studies. 
We used HEK-293, while Chiamvimonvat et al. and Tsushima et al. used oocytes from 
adult female Xenopus laevis.1-2 Overall, it remains unclear whether the differences in 
findings between these studies are distinctions caused by differences in channel isoforms 
(cardiac Na+ channel versus µ1 channel) or because of methodological differences.

Gating properties
We studied whether changes in gating properties of D1714G may account for 
the observed phenotype. At both 21°C and 36°C, we found neither changes in (in)
activation nor in recovery from inactivation properties. At 36°C, but not at 21°C, slow 
inactivation of the D1714G Na+ channels was enhanced. This finding is consistent 
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with another Brugada syndrome-causing Na+ channel mutation, which showed only 
enhanced slow inactivation at near physiological temperature.6 In addition, we found 
reduced current density of the D1714G Na+ channels at both temperatures. 

Underlying mechanisms of reduction in current density
There are several manuscripts detailing Brugada syndrome-causing SCN5A mutations 
that fail to traffic to the cell membrane properly, resulting in markedly reduced Na+ 
current density.15-16 Tan et al. described these trafficking disorders as ‘failure of proper 
trafficking of Na+ channel proteins to the sarcolemma and their retention in the ER’.17 

Membrane proteins are made, chemically modified and folded in the endoplasmic 
reticulum (ER). Proteins that fold up incorrectly are actively retained and ultimately 
degraded in the ER by quality control mechanisms. However, membrane proteins 
with relatively minor mutations are sometimes not recognized by the ER quality 
control systems. They escape from the ER and reach their proper localization at the 
cell membrane. In the case of mutated Na+ channel proteins, after reaching the cell 
membrane they often retain some function, albeit significantly impaired, leading to a 
markedly reduced Na+ current density. A second mechanism may also contribute to a 
marked reduction in current density. Since the D1714 residue is localized within the 
ion-conducting pore, a mutation at this position may impede Na+ permeation, leading 
to a reduction in Na+ current through the channel. Previous studies have also shown that 
SCN5A mutations within the ion-conducting pore may cause Brugada syndrome.18-19 
More studies are necessary to determine whether the D1714G mutation leads to 
reduced Na+ current because of failure of proper trafficking to the cell membrane or 
due to an impediment of Na+ permeation. Making this distinction may have clinical 
implications since another study has demonstrated that a Brugada syndrome-causing 
mutation, which failed to express in the cell membrane, could be rescued with 
pharmacological interventions that resulted in a marked increase in current density.16 
Clearly, such a rescue would enhance channel expression and increase current density, 
thereby providing potential clinical benefit.

Conclusion
In conclusion, our results suggest that the D1714G mutation in the human cardiac Na+ 
channel, associated with the Brugada syndrome, does not influence its ion selectivity 
properties. In particular, this mutation does not alter current and permeability ratios for 
Na+ channel for Na+ and K+. Gating properties analysis reveals that the D1714G mutant 
exhibits more slow inactivation at a physiological temperature and this is consistent 
with other functionally characterized Brugada syndrome-causing mutations, which 
show a loss of function with decreased Na+ current. In addition, we found a marked 
reduction in current density in the D1714 Na+ channel, which may also contribute to 
Brugada syndrome in this patient.
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