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Abstract: Brevetoxins (PbTx) and brevenal are marine ladder-frame polyethers (LFPs). PbTx binds
to and activates voltage-gated sodium (Nav) channels in native tissues, whereas brevenal antago-
nizes these actions. However, the effects of PbTx and brevenal on recombinant Nav channel function
have not been systematically analyzed. In this study, the PbTx-3 and brevenal modulation of tissue-
representative Nav channel subtypes Nav1.2, Nav1.4, Navl.5, and Nav1.7 was examined using au-
tomated patch-clamp. While PbTx-3 and breveval elicit concentration-dependent and subtype-spe-
cific modulatory effects, PbTx-3 is >1000-fold more potent than brevenal. Consistent with effects
observed in native tissues, Navl.2 and Navl.4 channels were PbTx-3- and brevenal-sensitive,
whereas Navl.5 and Nav1l.7 appeared resistant. Interestingly, incorporation of brevenal in the in-
tracellular solution caused Nav channels to become less sensitive to PbTx-3 actions. Furthermore,
we generated a computational model of PbTx-2 bound to the lipid-exposed side of the interface
between domains I and IV of Nav1.2. Our results are consistent with competitive antagonism be-
tween brevetoxins and brevenal, setting a basis for future mutational analyses of Nav channels’
interaction with brevetoxins and brevenal. Our findings provide valuable insights into the func-
tional modulation of Nav channels' by brevetoxins and brevenal, which may have implications for
the development of new Nav channel modulators with potential therapeutic applications.

Keywords: Brevenal; Brevetoxins; Nav; Ladder-frame polyethers; PbTx-3; PbTx-2; Voltage-gated
sodium channels

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/xxx/s1. Table S1. Neuronal Nav current inactivation parameters deter-
mined in the absence and presence of PbTx-3 and brevenal; Table S2. Skeletal muscle Nav current
inactivation parameters determined in the absence and presence of PbTx-3 and brevenal; Table S3.
Cardiac muscle Nav current inactivation parameters determined in the absence and presence of
PbTx-3 and brevenal; Figure S1. PbTx-3 and brevenal potency comparison between human Nav
channel isoforms.
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Table S1. Neuronal Nav current inactivation parameters determined in the absence and presence of PbTx-3 and brevenal.

PbTx-3 Brevenal

M) 0 1012 10 106 0 10 106 105

yinf | 0.06£0.01 0.13£0.01* 0.19+0.02* 0.28+0.4* | 0.09+£0.03  0.08+0.04  0.10+0.07 0.12+0.06
Navl.2 Tinact

() 0.80+0.07 0.88+0.1 0.76+£0.05  0.64+0.14 | 0.71+0.07 0.74+0.8 0.65+0.08 0.75+0.10

ms

yinf | 0.02£0.01  0.03+£0.01 0.03+0.01  0.04+0.01 | 0.06+0.01 0.07+0.01  0.07%0.01 0.07+0.01
Navl.7 .

(tns) 0.64+0.06  0.60%0.05 0.63+0.04 0.66+0.11 | 0.81+0.06 0.76+£0.05 0.85+0.06 0.93+0.09

ms

Inactivation parameters were extracted from single exponential fits to the current decay.

One-way ANOVA of compound vs Ctr: * p < 0.05; ** p < 0.005; Data represent mean + SEM, n = 4 for all determinations.

Table S2. Skeletal muscle Nav current inactivation parameters determined in the absence and presence of PbTx-3 and brevenal.

PbTx-3 Brevenal
M) 0 1012 10° 106 0 10° 106 105
yinf | 0.04£0.01 0.07£0.01 0.16+0.02*  0.20+£0.02* | 0.03£0.01 0.09+£0.01 0.14+0.03* 0.19+£0.03*
Navld 1.
() 0.60+£0.04 0.56+0.05 0.61+0.04 1.37+0.05%* 0.68+0.1 0.71£0.11 0.77+0.0.08 1.1620.15%*
ms

Inactivation parameters were extracted from single exponential fits to the current decay.

One-way ANOVA of compound vs Ctr: * p < 0.05; ** p < 0.005; Data represent mean + SEM, n = 4 for all determinations.

Table S3. Cardiac muscle Nav current inactivation parameters determined in the absence and presence of PbTx-3 and brevenal.

PbTx-3 Brevenal

™M) 0 1011 109 107 0 109 10¢ 105
Yinf 0.09£0.01 0.20+0.03 0.29+0.03**  0.45+0.05* | 0.03£0.01 0.03x0.01 0.03+0.01 0.02+0.01

Alger | 0.89£0.01 0.82+£0.05 0.72+£0.01**  0.71£0.06 | 0.71£0.07 0.73£0.07 0.77+£0.07 0.77£0.05

Tlinact

Navl.5 (cns) 0.45+£0.01 0.46+0.03 0.48+0.06 0.45+0.02 | 0.46x0.01 0.45+0.01 0.46x0.01 0.44+0.01

ms

A2gel | 0.11£0.01 0.18£0.05 0.28+0.01**  0.29+0.06 | 0.03£0.01 0.03+0.01 0.03x0.01 0.02+0.01

T2inact

() 4.35£0.49 2.42+0.52 2.67+0.78 1.48+0.31 | 2.05+£0.16 1.77£0.34 2.05£0.21 1.79+0.06
ms

Inactivation parameters were extracted from single exponential fits to the current decay.

One-way ANOVA of compound vs Ctr: * p < 0.05; ** p < 0.005; Data represent mean + SEM, n = 4 for all determinations.
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Figure S1. PbTx-3 and brevenal potency comparison between human Nav channel isoforms. Solid
symbols PbTx-3, open symbols brevenal.





