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29  ABSTRACT

30 TREK-1 is a mechanosensitive channel also activated by polyunsaturated fatty acids
31  (PUFAs). In this study, we compared the effect of multiple fatty acids and ML402. First, we
32 showed a variable TREK-1 activation by PUFAs related to the variable constitutive activity of
33 TREK-I. Then, we observed no correlation between TREK-1 activation and acyl chain length
34 or number of double bonds suggesting that the bilayer-couple hypothesis cannot explain by
35  itself the activation of TREK-1 by PUFAs. The membrane fluidity measurement is not
36  modified by PUFAs at 10 uM. The spectral shift analysis in TREK-1-enriched microsomes
37  indicates a Kptrexi at 44 uM of C22:6 n-3. PUFAs display the same activation and reversible
38  kinetics than the direct activator ML402 and activate TREK-1 in both whole-cell and inside-
39  out configurations of patch-clamp suggesting that the binding site of PUFAs is accessible
40  from both sides of the membrane, as for ML402. Finally, we proposed a two steps mechanism
41  for TREK-1 activation by PUFAs: first, insertion into the membrane, without fluidity or
42  curvature modifications, and then interaction with TREK-1 channel to open it.

43

44  INTRODUCTION

45  Potassium channels have a crucial role in the electrical activity of excitable cells such as
46  neurons and cardiomyocytes. Some of these potassium channels are common drug targets
47  modulating the action potential shape and consecutively organs functions. Among the K"
48  channels, members of the two-pore domains K channels family (K2P) are involved in the
49  repolarization phase of action potential and in the resting membrane potential (Kelly et al,
50 2006). K2P family includes 15 members classified in 6 functional subfamilies: TWIK
51  (Tandem of pore domains in a Weak Inward rectifying K channel), TREK (TWIK-Related K
52 channel), TASK (TWIK-related Acid Sensitive K channel), TALK (TWIK-related Alkaline

53  pH-activated K channel), THIK (Tandem pore domain Halothane-Inhibited K channel),
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54  TRESK (TWIK-Related Spinal Cord K Channel). K2P channels share common structural
55  features, each subunit containing two-pore domains (P1, P2) and four putative transmembrane
56  segments (M1-M4) (Honoré, 2007). The dimerization of K2P channels allows the formation
57  of the canonical K selective pore domain. TREK-1 channel, one of the three members of the
58  TREK subfamily with TREK-2 and TRAAK, has been discovered in 1996 by Fink et al. The
59  gating of TREK-1 channel is poly-modulated by a wide range of physical and chemical
60  stimuli including mechanical stretch, temperature, voltage, pH changes, pharmacological
61 agents and polyunsaturated fatty acids (PUFAs). This channel is widely studied since its
62  activation is involved in neuroprotection (Lamas & Fernandez-Fernandez, 2019),
63  cardioprotection (Kamatham et al, 2019), analgesia (Li & Toyoda, 2015) and reduced
64  epilepsy crisis (Heurteaux et al, 2004). In the majority of these diseases, the protection
65  afforded by TREK-1 activation is due to the hyperpolarization of the membrane potential
66  (Djillani et al, 2019)

67  Among the wide diversity of TREK-1 modulators, PUFAs have been shown to behave as
68  strong activators (Patel et al, 1998; Danthi et al, 2003). PUFAs are amphipathic molecules
69  with a hydrophilic carboxyl head and a long hydrophobic chain of carbons and multiple
70 double bonds. The two main classes of PUFAs are n-3-PUFAs and n-6-PUFAs based on the
71  position of the first double bond from the carbon ® starting at the methyl extremity.
72 Numerous studies suggest that n-3-PUFAs, such as docosahexaenoic acid (DHA) and
73  eicosapentaenoic acid (EPA), exert antiarrhythmic properties through the modulation of ionic
74  channels and consequent membrane hyperpolarization (Kang & Leaf, 1994, 1996). Such
75  hyperpolarization could be consecutive to TREK-1 activation as it is largely expressed in the
76  myocarde(Wiedmann et al, 2021; Bechard et al, 2022). Since TREK channels are mechano-
77  sensitives, the comparison of the effects of different PUFAs on TRAAK (Fink et al, 1996)

78  suggests that PUFAs can insert inside the membrane inducing an increase in membrane
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79  fluidity (Leifert et al, 1999) that in turn modifies membrane curvature and tension (Sheetz and
80  Singer., 1974). In fact, TRAAK is very likely to be activated by PUFAs through this
81  mechanosensitive pathway since the activation is related to the acyl chain length and to the
82  number of double bonds (Fink et al., 1998; Maingret et al, 1999; Patel et al., 2001; Honor¢,
83  2007). However, while it is known that PUFAs also activate TREK-1 channel, no study has
84  compared the effects of different PUFAs on TREK-1 to determine a potential mechanism of
85 action. Here, we propose a study that allows a better understanding of which features of
86  PUFAs are essential for their effects on TREK-1. We performed a thorough comparison of the
87  effects of 9 PUFAs (from 18 to 22 carbons with 2 to 6 double bonds) and 2 other C18 FA
88  (mono-unsaturated and saturated) on the TREK-1 current (Itrgk.1). We report that there is no
89  correlation between the acyl chain length and TREK-1 activation, as for the PUFAs-induced
90 membrane fluidity. Then, the comparison of the effects of PUFAs and ML402, a direct
91 activator of TREK-1 binding within a cryptic pocket behind the selectivity filter (Lolicato et
92 al, 2017), suggests that there is a at least one binding site for PUFAs on TREK-1 channel.
93  This hypothesis is reinforced by the affinity protein-PUFA test performed in TREK-1
94  enriched-microsomes using the nanotemper technology, but the precise binding site remains

95  to be determined in further studies.
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96 RESULTS

97  TREK-1 channel activation by PUFAs does not depend of acyl chain length

98  As previously described, TREK-1 channel is activated by PUFAs, such as arachidonic acid

99  (AA, C20:4 n-6) (Patel et al, 1998), LA (Danthi et al, 2003) or DHA (Ma & Lewis, 2020). In
100 our hands, the average membrane potential (Em) of HEK hTREK-1 cells was -69.2 + 0.7 mV
101  (mean = SEM) (Fig 1D, n=130), with a variable initial current density of 15.3 £ 1.2 pA/pF
102  (n=130) at 0 mV. During PUFA superfusion, the current density elicited by voltage ramp
103 from -100 mV to +30 mV progressively increased until a steady-state was reached (Fig 1A
104  and 1B). When TREK-1 is activated, Em hyperpolarized to -81.7 + 0.3 mV (Fig 1D, n=130),
105  close to the theorical equilibrium potential of K ions (Ex = -86.5 mV). In order to determine
106  wether the variability of the initial current density (Ip) was related to a variability of TREK-1
107  channel activity in initial condition, we superfused an inhibitor of TREK-1 channel,
108  Norfluoxetine (NrFlIx) at 10 pM. As the initial current was significantly decrease from 8.8 +
109 2.2 pA/pF to 3.7+ 0.9 pA/pF (p-value=0.02; n=5) when Norfluoxetine was applied and as the
110  characteristic outward rectification of Itrgk.; was lost, we concluded that Iy was carried out
111 mostly by TREK-1 channel (Fig 1C).
112 To investigate the importance of the acyl chain length and double bounds, we compared the
113 response of 9 PUFAs with various chain lengths, from 18 to 22 carbons with different number
114 of double bounds, from 2 to 6 unsaturations (Table 1). We plotted the relationship between
115  current density at 0 mV in the presence of PUFA (Ipyra) normalized to the initial current
116  density (Ip)(this normalized parameter corresponds to the current fold-increase (Ipyga/lp)) and
117  the number of carbons on the acyl chain. As shown in Fig 1E, there is no correlation between
118  PUFA activation Ipyra/lp and the acyl chain length (Spearman correlation test : p-value =
119  0.19), as for the current density of TREK-1 channel after PUFA perfusion (Spearman

120 correlation test : p-value = 0.10) (Fig 1G). We then plotted the relationship between Ipyra/lo
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121 at 0 mV or current density in response of PUFA perfusion and the number of double bounds
122 in the acyl chains and also observed no correlation (Fig 1F and Fig 1H; Spearman correlation
123 tests: p-value = 0.63 and p-value = 0.56 respectively). These data reveal that there is no
124 relationship between the effect of PUFAs on TREK-1 and the acyl chain length or the number
125  of double bonds. Indeed, C22:6 n-3 tends to have a stronger effect than C22:5 n-3 on TREK-1
126  current, while they share the same number of carbons (Fig 1E-H and Table 1). Accordingly,
127  the most potent activators were both one of the shortest one, C18:2 n-6 (Ipyra/lo = 24.8 + 3.3;
128  current density = 353.7 + 22.4 pA/pF), and one of the longest one, C22:6 n-3 (Ipyra/lo = 29.8
129 +4.4; current density = 276.8 &+ 24.5 pA/pF). Conversely, C18:2 n-6 is one of the most potent
130  activator but C18:3 n-3 failed to activate TREK-1 channel (Ipyra/ly = 1.4 £ 0.1; Current
131  density = 20.7 £ 4.2 pA/pF). Like C18:3 n-3, the saturated stearic acid (C18:0) had no effect
132 on TREK-1 while the mono-unsaturated C18:1 n-9 produced a 7.4 + 1.9-fold increase of
133 Itrek1 (n=12, Table 1). However, statistical analysis failed to discriminate the PUFA’s
134 effects (Ipura/ly parameters compared with a nonparametric kruskall-wallis test) probably due
135  to the important variability of the effects.

136

137  The variability in PUFA responses is related to the variable initial current density

138  Despite an important number of cells studied, we observed a large variability of the TREK-1
139 current activation by PUFAs illustrated in Fig 2A. The severity of the inclusion criteria (see
140  Material and Methods section) suggests that the variability observed in PUFAs responses is
141  inherent to TREK-1 channel.

142

143 Fig 2A illustrates the large variability of PUFA effects based on the fold-increase analysis
144 (Ipura/lp).We demonstrated that the variability of the Ipypa/ly parameter resulted from the

145  wvariability of the initial current Iy but not from the current density at steady-state after the
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146  application of the PUFAs (Ipura) (Fig 2B). Indeed, the calculation of the coefficient of

147  variation (CV = %) confirmed that the dispersion of the Ipyra/ly calculation is higher than

148  the dispersion of the Ipypa at steady-state of the activation (Fig 2C). Thus, CV modification is
149  in accordance with the hypothesis that the variability of I is responsible of the variability of
150  the Ipypa/ly parameter.

151  To better characterize the relationship between Iy and Ipyra/lo, we plotted the fold-increase of
152 TREK-1 current (Ipyra/lo, Y axis) as a function of the initial current (Iy, X axis). As shown in
153  Fig 3A, there is a non-linear relationship between Ipyra/ly and Ip. This relationship can be
154  linearized by log-transforming the data (Log10) (Fig 3B). Thus, the effects of all PUFAs but
155  C22:5 n-3 depends on Iy, independently of the absolute amplitude of Ipyra. Therefore, there is
156  a negative relationship between LoglO(Ipyra/lo) and Logl0(Ip): C18:2 n-6 (R2=0.82, p-
157  value=0.0001), C20:2 n-6 (R*=0.66, p-value=0.0271), C20:4 n-3 (R*=0.80, p-value=0.0001),
158 C20:4 n-6 (R*=0.50, p-value=0.0023), C20:5 n-3 (R*=0.53, 0.0008), C22:5 n-6 (R*=0.84, p-
159 value=0.0001) and C22:6 n-3 (R*=0.68, p-value=0.0001) (Fig 3B, Table 2). To determine if
160  the observed variability is due to the cellular model that we use, or not, we also used two
161  other models: another stable model of TREK-1 overexpression (Andharia et al, 2017) and
162  transiently transfected HEK 293T cells with TREK-1 (pIRES2 KCNK2 WT) (Figure 3C).
163 The Ipypa/lp variability observed can be explained by the variety of constitutively active
164  TREK-1 channels at resting condition.

165  Thanks to the linear regression analysis, we obtained the Y-intercept which reflects the fold-
166  activation of TREK-1 current for an unitary current (Log(1)=0). The Y-intercept of DPA n-3
167  cannot be calculated since there was no correlation between Ipyra/ly and Iy For the 7 others
168  PUFAs, the Y-intercept values allow their separation into 3 groupes with the following
169  activation sequence : C22:6 n-3, C22:5 n-6, C18:2 n-6 > C20:5 n-3, C20:4 n-6 > C20:4 n-3,

170 C20:2 n-6 (Table 2). Then, plotting the relationship between Y-intercept (Y axis) and the
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171  number of carbons (X axis) reveled once again that there is no correlation between the fold-
172 activation of TREK-1 and the acyl chain length of PUFAs (Fig 3D). There is also no
173 correlation with the number of double bounds (Fig 3E). In conclusion, TREK-1 activation by
174  PUFAs is definitively not dependent of the acyl chain length and the number of double bond
175  (Fig 1D-G and Fig 3D-E).

176

177  Variable activation rate suggests different binding affinities of PUFAs for TREK-1
178  channel

179  To explore a new way of action of PUFAs on TREK-1 channel, we analyzed and compared
180  the kinetics of activation of TREK-1 perfusing PUFAs or ML402, a binding activator of
181 TREK-1. Fig 4A to C represent the mean + SEM of the normalized current densities

I-Ig

182 ¢

) over the time in response to PUFA n-6, PUFA n-3 and ML402, respectively.

Ipyra—lo
183  Representative traces of current densities activation are presented on the right panels.
184  Activation kinetics were fitted with a sigmoid equation (see material and method
185  equation(3)) and the activation rate (min™') was calculated as the inverse of the slope of the
186  sigmoid (Fig 4D). We were able to distinguish at least two types of activation rate, a fast one
187  above 3 min" (C18:2 n-6, C22:6 n-3 and ML402) and a slow one less than 3 min™ (C20:2 n-
188 6, C20:4 n-3, C20:4 n-6, C20:5 n-3, C22:5 n-6 and C22:5 n-3). As reported in Table 3, the
189  averaged half-activation of TREK-1 channel was smaller for C18:2 n-6 and C22:6 n-3, both
190  having comparable kinetics to those observed for ML402. Although there were no significant
191  differences between these three compounds and C22:5 n-6 and C20:5 n-3, the kinetics of the
192 latters appeared slightly slower (Fig 4D, Table 3). In contrast, C20:4 n-3, C20:4 n-6 and
193 C22:5 n-3 had slower kinetics with an averaged half-activation close to 4 min (Table 3).
194  Since C18:2 n-6 and C22:6 n-3 have the same fast activation rates and C22:5 n-3 has the

195  slowest one, we assumed that the activation rate of the TREK-1 by PUFAs does not depend
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196  on the acyl chain length. However, among the PUFAs, there is a positive correlation between
197  the activation rate (min'l) and the fold-increase of TREK-1 current (Ipypa/ly) (Spearman
198  correlation test : p-value = 0.007 and r = 0.88; Fig 4E). As the stronger activators are the
199  faster activators of TREK-1, we proposed that some PUFAs, as C18:2 n-6 and C22:6 n-3 have
200  a higher binding affinity for TREK-1 which would allow them to activate it faster and
201  stronger.

202

203  Activation of TREK-1 channel by PUFAs is fully reversible.

204  To see if the activation of TREK-1 channel by PUFA is due to an insertion and thus a
205 modification of membrane tension, we looked at the washout kinetic with extracellular
206  medium free of Bovin Serum Albumin (BSA). We focused on C18:2 n-6, C20:5 n-3 and
207  C22:6 n-3, the most potent activators of C18, C20 and C22 PUFAs, respectively (Table 1).
208  MLA402 activation reversed immediately and 50% of washout occurred in less than 1 min (Fig
209  5A and 5B). C20:5 n-3, had a kinetic of washing (washout 50%: 0.9 £ 0.1 min) comparable to
210  MLA402 (Fig SA and 5B). Even though the washout of C18:2 n-6 and C22:6 n-3 was slower
211 than ML402 (washout 50%, mean = SEM: 2.4 £+ 0.2 min, 3.7 = 0.3 min and 0.4 £ 0.04 min,
212 respectively) , PUFAs effect were also fully reversed under washing. Once again, there is no
213 correlation between the acyl chain length (Fig SC, Spearman correlation tes: p-value > 0.99)
214 or the number of double bounds (Fig 5D, Spearman correlation test: p-value > 0.99) and the
215  time needed to reverse TREK-1 activation. C18:2 n-6 and C22:6 n-3, that activated TREK-1
216  at least twice more than ML402 (I/Iy: 24.8 + 3.3, 29.8 +4.4 and 9.6 + 0.9, respectively), had a
217  total reversibility in few minutes. At this point, we cannot exclude a membrane insertion of
218 PUFAs, but we assume that the main effects of PUFAs on TREK-1 activation could be a
219  direct and reversible interaction of PUFAs with the channel, as ML402, or as it is well known

220  for KCNQI (Liin et al, 2015) and the Shaker H4 Kv channel (Borjesson et al, 2008)
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221

222 Alteration of membrane curvature or fluidity did not explain activation of TREK-1
223 channel by PUFAs.

224 In order to evaluate the membrane curvature and tension effects on the PUFAs-induced
225  TREK-1 activation, we performed experiments in the inside-out configuration of the patch-
226  clamp technique (+30 mV, symmetrical condition: 145 mM KCIl). In this configuration, we
227  were able to superfuse molecules at the inner face of the membrane and PUFAs must induce a
228  curvature of the membrane opposite to the one obtained in the whole-cell configuration. As
229  shown in Figure 6A, ML402 superfusion at the inner face of the membrane induced a
230  reversible increase of TREK-1 current (Table 4). Kinetics of activation and washout were
231  comparable to those obtained in the whole-cell configuration (Fig 4 and Fig 5) suggesting that
232 the ML402-binding site is accessible from the outer and the inner leaflet of the membrane.
233 Interestingly, a comparable reversible activation of TREK-1 channel was obtained for C18:2
234  n-6 and C22:6 n-3 5 puM, suggesting that the membrane curvature is not involved in the
235  activation of TREK-1 channel by PUFAs (Fig 6B and 6C, Table 4).

236  Then, we assessed the membrane fluidity changes during PUFAs application with a
237  pyrenedecanoic acid probe (PDA), analog to lipids. By measuring the ratio of PDA
238  monomer to excimer fluorescence (405nm/470nm ratio), a quantitative assesment of the
239  membrane fluidity can be obtained at different time points by following the ratio modification
240  over time (F/Fo-1). We focus our experiments on C18:2 n-6 and C22:6 n-3 which are the
241  stronger activators of TREK-1 and C18:3 n-3 that failed to activate TREK-1. These 3 PUFAs
242 at 10 uM did not modify the membrane fluidity even after 50 minutes of application, while at
243 100 uM they induced a decreased of F/Fo-1 from Ty and compared to the control condition
244 (basic extracellular medium). These results indicate that membrane fluidity is not modified by

245 PUFAs at 10 uM (Fig 7A-C), at least within 50 minutes of application. In addition, given that

10
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246  TREK-1 activation starts at 1 minute of perfusion of C18:2 n-6 and C22:6 n-3 10 uM (Fig 4)
247 it is unlikely that PUFA effects on TREK-1 activation are due to an increase in membrane
248  fluidity. Altogether, these data suggest that at least both C18:2 n-6 and C22:6 n-3 PUFAs
249  activate TREK-1 channel by direct interaction with TREK-1 protein and not by a modification
250  of the membrane fluidity.

251

252  DHA interacts directly with TREK-1 channel protein in TREK-1 enriched microsomes
253  In order to assess a potential direct PUFA-TREK-1 interaction, we purified microsomes from
254  hTREK-1/ HEK and native HEK 293T cells and labeled lysine residues of the total proteins to
255  perform affinity measurements using Spectral Shift (SpS). At first glance, we observed
256  similar affinity from C22:6 n-3 in these two type of microsomes : Kgrrex-1 ~ 50 uM and
257  Kamexk ~ 100 pM highlighting a similar mode of association of C22:6 n-3 within the
258  microsomes. However, the SpS signal displayed subtle differences according to whether or
259  not microsomes were enriched in TREK-1 protein. Knowing SpS signal rises from
260  fluorescence recorded by two individual channel, and having a strong reproducibility from
261  each condition, we can derive the following assumption:

262 (1) I, (TREK1, HEK) = I,(TREK1) + I, (HEK)

;23 Where for each individual wavelength (A), the fluorescence recorded for the TREK-1-
265 enriched microscomes correspond to both the fluorescence from the labelled empty
266  microsomes and from the labelled TREK-1.

267  Being able to isolate the specific fluorescence associated to TREK-1 (I (TREK1)) within the
268  TREK-1-enriched microsomes (I, (TREK1, HEK)), we can use individual channel for further
269  calculation using equation 2, isolating the SpS signal associated only to TREK-1 by

270  normalizing out the background signal coming for the free microsomes.

1470 (TREK1,HEK)—I470(HEK)
I¢50(TREK1,HEK)—I¢50 (HEK)

271 (2) R(TREK1) =

11
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272
273 When performing so, the specific TREK-1 dose response to C22:6 n-3 gives a K4 = 44 pM

274  (Fig 8). Despite displaying similar affinities, the TREK-1-enriched microsomes shows a
275  statistically better affinity than the microsomes themselves. However, it is worth noticing only
276 a 2-fold increase of affinity, which may highlight a similar binding mode for both
277  interactions. Altogether, this suggests an interaction mediated by the lipid bilayer, such as a
278  membrane insertion followed by interaction with TREK-1 channel.

279

280  DISCUSSION

281 TREK-1 channel activation by PUFAs does not involve mechano-sensitivity but a direct
282  interaction

283  In this study, we reported that TREK-1 channel is reversibly activated by polyunsaturated
284  fatty acids (PUFAs), as already shown in different studies, each being focused mainly on one
285 PUFA : AA (Patel et al, 1998); LA (Danthi et al, 2003); DHA (Ma & Lewis, 2020). Our
286  study is the first to compare the effects of different PUFAs having between 18 to 22 carbon
287 atoms and 2 to 6 double bonds on TREK-1 channel. We demonstrate that C22:6 n-3 and
288  C18:2 n-6 are the most potent activators of TREK-1 with an activation as fast as the one of
289  the direct activator ML402 and a fully reversibility.

290 TREK subfamily of K2P channels that includes TREK-1, TREK-2 and TRAAK, is
291  characterized by a mechano-sensitivity and therefore, channels could feel changes in the
292 membrane curvature induced by PUFAs insertion as for CPZ (Patel et al., 1998). As PUFAs
293  are anionic amphipath compounds, with a hydrophilic carboxyl group and a lipophilic tail,
294 they preferentially insert into the outer leaflet of the membrane which is positively charged
295  (Martinac et al, 1990; Sheetz & Singer, 1974). Thus, the longer the lipophilic carbon chain is,
296  the more the PUFAs will be inserted into the membrane, modifying the local membrane

297  elastic properties (curvature and fluidity) (Leifert et al, 1999). Also, for a given carbon chain
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298  length, the fluidity increases with the number of double bonds. According to the bilayer-
299  couple hypothesis, PUFA effects on TREK subfamily channels were supposed to be due to a
300 modification of elastic properties of the membrane leading to an increase of the tension
301  transmitted to the channels (Patel et al, 1998). The study of the TRAAK channel activation by
302 PUFAs (C18:2 n-6, C20:4 n-6, C20:5 n-3, C22:6 n-3) in the excised patch configuration
303  shows that TRAAK activation is positively correlated with the carbon chain length of PUFAs
304  and the number of double bonds (Fink et al, 1998; Patel et al, 2001). However, we found no
305  correlation between the acyl chain length, the number of double bonds and the potentiation of
306  Itrek-1. In the opposite, C18:2 n-6 and C22:6 n-3, respectively the shortest and the longest
307  PUFA tested, are the most potent activators of TREK-1 channel. It is worth to note that C18:3
308 n-3, which differs only by one double bond from C18:2 n-6, failed to activate TREK-1
309  channel. Also, C22:6 n-3 having the same number of carbons than C22:5 n-3 is more than
310 twice as effective in activating TREK-1. PUFAs having intermediate acyl chain length
311  produce intermediate activation of TREK-1, in the same range as the direct activator ML402,
312  independently of the double bonds number. In that respect, the bilayer-couple hypothesis
313  suggesting an activation of TREK-1 by PUFAs-induced mechanosensitive pathway is not
314  appropriate. Similar results were obtained in the literature on TREK-2 channel study, C20:4
315  n-6 being less efficient than C22:6 n-3 and C18:2 n-6 (Lesage et al, 2000).

316 To better characterize the mechanism of action of C22:6 n-3 and C18:2 n-6 on TREK-1, we
317  compared their kinetics of activation and reversibility with those of ML402. ML402 is a direct
318 activator of TREK-1, binding within a cryptic pocket behind the selectivity filter that directly
319  stabilize the C-type gate (Lolicato et al, 2017). The activation kinetic of TREK-1 by C22:6 n-
320 3, C18:2 n-6 and ML402 are comparable and faster than the other PUFAs. This suggests a
321  possible interaction of C22:6 n-3 and C18:2 n-6 with the channel like the activator ML402

322 (Lolicato et al, 2017) and the inhibitor norfluoxetine (Dong et al, 2015). This hypothesis is
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323  reinforced by the inside-out experiments where C22:6 n-3, C18:2 n-6 and ML402 were
324  applied on the inner leaflet of the membrane. Although the PUFA insertion must induce
325  opposite curvartures while they insert from the inner (inside-out configuration) or the outer
326  leaflet (whole-cell configuration), they still activate TREK-1 channel. We finally propose that
327  atleast C22:6 n-3 and C18:2 n-6, like ML402, interact with the channel on an accessible site
328  from both the inner and the outer leaflet of the cell, and suggesting a binding site accessible
329  wvia the lipid bilayer. Studies have already hypothesized that arachidonic acid (C20:4 n-6)
330  could act directly by interacting with the channel (Maingret et al, 1999, 2000) and others have
331 already shown that free PUFAs can directly interact with ionic channels. Indeed, C22:6 n-3
332 and C18:3 n-6 interact with K,7.1 (KCNKQ1)(Liin et al, 2015; Yazdi et al, 2021). PUFAs
333  also interact with Shaker H4 Kv channel closed to the voltage-sensor domaine through the
334  negatively charged carboxyl group (Borjesson et al, 2010; Borjesson & Elinder, 2011;
335 Borjesson et al, 2008). As TREK-1 lacks a canonical voltage-sensor domain, we can
336  hypothesize that there is another lipophilic binding site in TREK-1 interacting with the
337  carboxyl head of PUFAs. This hypothetical PUFA binding site on TREK-1 does not
338  correspond to the binding site of ML402 since its mutation does not prevent activation by
339  (C20:4 n-6 (Lolicato et al., 2017). Moreover, since the steady-state of TREK-1 activation by
340 PUFA and ML402 was reached in a range of the minutes, we suggest that the PUFAs binding-
341  sites have a limited access (Maingret et al, 2000). It has to be noted that bovine serum
342  albumin (BSA) is not required to get a reversal effect during the washout as it is supposed to
343  be when the effects are due to membrane insertion of the PUFAs (Kang & Leaf, 1994; Leifert
344  etal, 1999).

345  Finally, in both whole-cell and inside-out configurations, the washout kinetics of PUFAs were
346  immediate and the initial current recovered in few minutes. Despite a total reversibility of the

347  TREK-1 activation under washout, we cannot definitively exclude a membrane insertion of
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348  PUFAs owing to their lipophilic properties. Nevertheless, if PUFAs insert into the membrane,
349  they do not modify the biophysic properties of the membrane (fluidity, curvature, tension) at
350 10 uM over a 50 min periode whereas TREK-1 is fully activated by PUFAs in few minutes.
351  Affinity measurements between PUFAs and TREK-1-enriched microsomes effectively
352  indicates a binding with the lipid bilayer as observed for the empty microsomes. However,
353  once the signal due to PUFA interaction with the bilayer is subtracted from the total signal, a
354  direct binding of PUFAs to TREK-1 is measurable. This specific interaction displays a
355  stronger affinity (Kptrex-1 ~ 44 M) than the simple signal involving PUFA binding with the
356  bilayer of the microsomes. Therefore, we propose that two mechanisms act together to
357 increase Itrgk-1: (1)PUFA insertion into the membrane, with no modification of its elastic
358  properties, is probably recquired to reach (2) a lipophilic binding site on TREK-1 channel
359  accessible via the lipid bilayer as for the Shaker channel (Borjesson & Elinder, 2011)

360

361 Imitial TREK-1 variability influence PUFAs response

362  An unexpected result of this study is the observation that the PUFA effects depend on the
363 TREK-1 initial current. This variability in initial Itregx.; might have many origins such as
364  different levels of post-translationnal modifications, different channels recruitment into the
365 ~membrane or even the presence of 2 different conductances of TREK-1 channel at the single
366  channel level (Xian Tao Li et al, 2006; Andharia et al, 2017). A comparable variability in the
367  current-fold increase induced by PUFAs was already observed for TREK-1 activation by AA
368  (Maingret et al, 2000), TRAAK (Fink et al, 1998; Patel et al, 2001) and TREK-2 (Bang et al,
369  2000; Lesage et al, 2000) but never explained.

370 It is important to note that all these studies were performed on COS-7 cells or HEK-293 cells
371  where mammalian post-translational modifications exist. In the study of Ma and Lewis in

372 2020, whole-cell recording of TREK-1 and TREK-2 by arachidonic acid were performed in
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373  oocytes (Xenopus Laevis) and no such variability in the current fold-increase was observed. It
374 is known that in this heterologous expression model, post-translational modification are
375  different (Mantegazza et al, 2010). Therefore, the possibility that constitutive TREK-1 current
376  varies according to the phosphorylation level (or other modifications) and influence the
377  eftects of PUFAs should be taken in consideration. It is known that TREK-1 channel is
378  modulated by intracellular pathways, related to PKA, PKC and PKG signalizations (Koh et al,
379  2001; Murbartian et al, 2005; Honoré, 2007), but to the best of our knowledge, no study
380  between PUFA activation of TREK-1 and phosphorylation levels has been performed so far.
381  As a consequence of this variability, to study the effect of an activator of Itrgk.;, we need a
382  sufficient number of cells to apply the Y-intercept of the regression line, probably the best
383  indicator of the degree of activation of TREK-1. The existence of such variability should be
384 taken into consideration in pathophysiological studies associated with variability of
385  expression or response, potentially demultiplying the heterogeneity of TREK-1 response to
386  activators.

387

388  Surprisingly, one of the most efficient activator of TREK-1 channel is C18:2 n-6. As TREK-1
389 is expressed in cardiomyocytes (Li & Toyoda, 2015; Kelly et al, 2006; Decher et al, 2017)
390 C18:2 n-6 should modulate action potential shape and resting membrane potential. This
391  suggests that C18:2 n-6 could display potent cardio as well as neuroprotective effects. If anti-
392 arrhythmic properties of omega-3 PUFAs have been thoroughly studied (Kang & Leaf, 1994,
393  1996; Siscovick et al, 2017), the potential anti-arrhythmic effect of omega-6 PUFAs such as
394 C18:2 n-6 has never been considered. CI18:2 n-6 can be found in vegetarian and
395  Mediterranean diets, both diets having cardioprotective vertues (de Lorgeril et al, 1994,

396  Barnard et al, 2019). In both cases the beneficial effects are attributed to the presence of anti-
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397  oxidant molecules and C18:3 n-3 but a possible beneficial effect of C18:2 n-6 has never been
398  explored.

399

400 CONCLUSION

401 To conclude, there is no relationship between the carbon number of the acyl chain, the
402  number of double bonds and the activation of TREK-1 channel. Its most potent activators are
403  C18:2 n-6 (linoleic acid) and C22:6 n-3 (docosahexaenoic acid) and kinetics analysis suggest
404  a direct interaction of PUFAs on TREK-1 through a lipophilic binding site. This direct
405  activation of PUFAs in TREK-1 could require the membrane insertion of PUFAs to facilitate
406  the access to the binding site in the channel.

407

408 MATERIEL AND METHODS

409

410  Cell culture

411  We used a HEK-293T cell line for spectral shift mesurement and two HEK/hTREK-1 cell
412 lines that stably overexpress the human TREK-1 channel subunit (Moha ou Maati et al, 2011,
413  Andharia et al, 2017) for electrophysiological experiments and spectral shift mesurement.
414  Cells were grown in an atmosphere of 95% air/5% CO2 in Dulbecco’s modified Eagle’s
415  medium and Glutamax (Invitrogen, Cergy- Pontoise, France) supplemented with 10% (v/v)
416  heat inactivated fetal bovine serum and 0.5 mg/mL G418 to maintain a selection pressure in
417  the HEK/hTREK-1 cell line.

418  The transient expression of TREK-1 was performed in the HEK 293T cell line. The pIRES2
419  plasmid in which the coding sequence of TREK-1 (pIRES2 KCNK2 WT) was inserted, was
420  transfected in HEK 293T cells using the jetPEI® kit (Ozyme) and following the manufacturer

421  protocol. Briefly, 48h before electrophysiological experiments, cells were transfected with a
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422  mix of the water-soluble polymer jetPEI® with DNA at 6 ng/mL and then seeded in 35x10
423  mm dishes (Falcon) in presence of 0.5 mg/mL of G418

424  Electrophysiology

425  Currents were recorded from hTREK-1/HEK-cells using the patch-clamp technique in whole-
426  cell recording (WCR) configuration and in inside-out (IO) configuration. Patch pipette having
427  2.5-4 MQ resistances (WCR) and 5-7 MQ resistances (I0) were obtained from borosilicate
428  glass capillaries by using a two-stage vertical puller (PC- 10, Narishige, London, UK).
429  Current acquisition was performed with an Axopatch 200B amplifier (Axon Instrument,
430  Sunnyvale, CA, USA) and low-pass filtered at 5 kHz (WCR) and 2 kHz (IO). Data were
431  digitalized with a digidata 1550B (Axon Instrument, Sunnyvale, CA, USA) at 10 kHz. The
432 pClampl0.7 (Axon Instrument) software was used to impose stimulations protocols and
433 record TREK-1 current. In WCR, cells were kept for experiments if the series resistance were
434  lower than 8 MQ, the membrane capacitance between 20 and 35 pF.

435  The experiments were performed at room temperature (~22 °C). Cells were continuously
436  superfused with a extracellular medium and modulatory compounds at a rate of 1-1.5 mL/min.
437  The dishes volume was kept constant at 2.5-3 mL using a vacuum system, connected to a
438  peristaltic pump (ISMATEC). Using different extracellular potassium concentrations (5 mM
439 KCIl or 15 mM KCl), changes in membrane potential were measured in current-clamp
440  allowing to determine the time to change completely the medium around the patched-cells (Le
441  Guennec & Noble, 1994). A complete change of the extracellular medium around the
442  patched-cell occurred in less than 15 seconds.

443  Whole-cell recording : the extracellular medium consisted of (in mM): 150 NaCl, 5 KCl, 3
444  MgCl,, 1 CaCl, and 10 HEPES pH adjusted to 7.4 with NaOH. The pipette solution consisted
445  of (in mM): 155 KCl, 3 MgCl,, 5 EGTA and 10 HEPES, pH adjusted to 7.2 with KOH. Cells

446  were clamped at a holding potential of -80 mV and superfused with the extracellular medium
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447  for over 1 min before the initial current (Iy) recording. Cells were hyperpolarized to -100 mV
448  for 50 ms and then the macroscopic outward TREK-1 current was elicited with an 800 ms
449  voltage ramp protocol from -100 mV to +30 mV every ten seconds (see the ramp protocole in
450  Fig 1A). Thus, the evolution of the current amplitude changes during compound superfusion
451  was followed in real time (Fig 1B). A minimum of 3 min superfusion was applied even when
452  the tested compound showed no effect and the superfusion condition was switched once a
453  steady-state was reached. In the case where the tested compound had no effect, a positive
454  control of the TREK-1 activation was performed with 10 pM docosahexaenoic acid (DHA,
455  C22:6n-3).

456

457  Data analysis (WCR): Once at steady-state, the current amplitude at 0 mV during the voltage
458 ramp was measured from the average of the last 3 sweeps over a delta of 1 mV (-0,5 mV to
459 0,5 mV) to get out of the noise. Current amplitudes are expressed in current densities (pA/pF)
460  to reduce the variability due to cell size. Activation an washout kinetics were followed at 0
461  mV. The activation kinetics from each cell of each compound (PUFAs and ML402) was fitted

462  with a sigmoidal equation (Fig 5):

463 (3) I, = I, + Leurazlo)

tso—t
1+4e Slope

464  where I is the initial current and Ipyga is the current caused by PUFA or ML402 at 10 uM

465  concentration. The activation rate (min™") was then calculated as : activation rate = Siope:

466

467  Inside-out configuration: bath medium contained (in mM) : 140 NaCl, 4.8 KCl, 1.2 MgCl,,
468 10 glucose, 10 HEPES, pH adjusted to 7.4 with NaOH. After excising the membrane patch,
469  the bath medium was replaced by the a medium identical to the pipette medium consisted of
470  (mM): 145 KCl, 1.2 MgCl,, 10 glucose, 10 HEPES, pH adjusted to 7.2 with KOH. Cells were

471  clamped at a holding potential of 0 mV, the theorical equilibrium potential for K" ions in this
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472  condition. Then, the amplitude current was followed at +30 mV in real time during the
473  perfusion of compounds and the washout.

474

475  Membrane fluidity experiments

476  Membrane fluidity was assessed using the pyrenedecanoic acid probe (PDA), a probe analog
477  to lipids that incorporates into the cell membrane. The probes in the membrane form
478  monomers and excimers, with a rate of excimer proportional to the membrane fluidity. Under
479  PUFAs (C18:2 n-6, C18:3 n-3, C22:6 n-3) application at 10 uM and 100 pM, we measured
480  the emission spectrum of the PDA: 470 nm for the excimers and 400 nm for the the
481  monomers. The monitoring of the fluorescent ratio 470/400 nm shift over time with PUFAs
482  allowed a quantitative monitoring of the membrane fluidity changes due to PUFAs insertion
483  into the membrane. Briefly, HEK/hTREK-1 cells were grown in culture in glass bottom
484  culture dishes (MatTek, Ashland, U.S.A). Before fluorescent experiment, adherent
485 HEK/hTREK-1 cells were incubated 1h at room temperature in the dark with 5 uM of the
486  fluorescent lipid reagent probe in buffer provided in the membrane fluidity kit (Abcam). After
487  incubation, the unicorporated probes were removed by washing cells twice with the same
488  extracellular medium that used for WCR experiments. Epifluorescence microscopic
489  experiments were performed on a 40X lens using excitation light filter with a 370-mm
490  dichroic filter (Zeiss). Emitted light were taken at 480=15 nm and 40510 nm and the
491  480/405 nm ratio was calculated at intial time before PUFA application (Ty) and T, (2 min),
492 T4, T, Ts, T1o, Tao, T30, Tao, Tso and Tep. The 470/400 nm ratio was calculated as the average
493  ratio overs 5 s. Then, the 470/400 nm ratio was normalized as (F/Fo)-1 and represented over
494  time (Fig 7) with F the ratio of fluorescence corresponding to a time T; and F, the ratio

495  corresponding to the T.

496  Microsomes preparation
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497  Microsomes were obtained from the HEK/hTREK-1 cell line and from the HEK 293T cell
498  line as control. Briefly, cells were cultured in T75 flasks until confluence.Then, cells were
499  washed with PBS twice and centrifugated 5 min at 15,000 RPM. The pellet was lysed in a 20
500 mM PIPES buffer (300 mM Sucrose, 20 mM PIPES, pH 7 with NaOH). Membranes were
501  then mechanically braked up using insulin syringe. Samples were centrifuged 20 min at
502 10,000 g at 4°C. Lysis protocol was repeated twice. The pellet was discarded and the
503  supernatant containing plasma membrane and thus transmembrane proteins was
504  ultracentifugated 1h at 32,000 RPM at 4°C (Optima ™L-90K Ultracentrifuge, Beckamn
505  Coulter; Rotor SW60Ti). The pellet containing microsomes was resuspended in 5 mM PIPES
506 (300 mM Sucrose, 5 mM PIPES, pH 7.4 with NaOH) at a protein concentration adjusted to 25

507 mg/mL and conserved at -20°C 2 days before the spectral shift measurment.

508

509  Spectral shift measurement

510  Microsomes of HEK 293T cell lin and HEK/hTREK-1 cell line were used to evaluate the
511  TREK-1-PUFAs interaction with HEK 293T microsomes as control. Briefly, the proteins
512 contained in the microsomes were labeled on the lysine residues with a fluorescent dye
513 (MO_LOI1 RED-NHS 2" generation, NanoTemper Tehnologies GmbH) following the
514  manufacturer protocol. The 20 uL at 600 uM of dye were used to labelled 200 puL of
515  microsomes, thus leading to a final incubation volume of 200 + 20 pL. After 20 min of
516  incubation, the 220 pL of labeled microsomes were applied to a gravity size exclusion B-
517  column supplied in the kit, following the manufacturer protocol until etution. Labeled
518  microsomes were eluted with 5 x 200 pL of the SmM PIPES buffer. 5 fractions of 200 uL
519  were collected in a clean Eppendorf. The first elution fraction contains the labeled

520  microsomes while the last fractions contain more free dye. The fluorescence intensity of
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521  fraction 1, 2 and 3 were verified and fractions with a fluorescence count between 400 and
522 2,000, using 100% excitation power, were used for the experiment after a 10 min
523  centrifugation at 16,000 g to avoid homogeneity problem. A serial dilution of C22:6 n-3 over
524 16 points following 1:1 pattern was set up and subsequently mixed with labeled microsomes
525 and loaded into standard capillaries (NanoTemper Technologies GmbH). The total proteins
526  concentration in microsomes was kept around 2,5 pg/mL whereas C22:6 n-3 was titrated from
527 1 mM to 30,5 nM. The read out was performed on a Monolith X instrument from
528 NanoTemper Technologies GmbH. The samples were subjected to SpS and MST
529  measurments and only SpS was analyzed due to the normalization requirments. The changes
530  in the maxima emission wavelength following a ratiometric measurement upon protein-C22:6
531 n-3 complex formation was used to generate a binding curve as a function of C22:6 n-3
532  concentrations (Langer et al, 2022). The data were pulled from 9 and 5 individual repeat for
533  the TREK-enriched microsomes and from HEK 293T microsomes respectively. Data
534 processing and analysis were carried out using the MO.Control 3 software from NanoTemper
535  Technologies followed by normalization as described in the results section. All the data points
536  presenting signs of irregularity were automatically discarded upon merging the data, as

537  documented in the software.

538  Chemicals

539 In this study we tested one direct activator of TREK-1, ML402, one saturated fatty acid,
540  stearic acid, one monounsaturated fatty acid, oleic acid, 9 different PUFAs having between 18
541  and 22 carbons and 2 to 6 double bonds (Table 1). All reagents are summarized in the
542  reagents and tools table. 10 mM stock solutions were prepared by dissolving PUFAs in
543  absolute ethanol, ML402 in DMSO. PUFAs and ML402 were stored at -80 °. 10 uM solutions

544  were obtained by diluting an aliquot of stock solution in the extracellular medium just before
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545

546

547

548

549

use for WCR experiments. Cells for current recordings were first superfused with

extracellular medium containing ethanol at 1/1000 as a control.

Reagent/resource

Source

Identifier or catalog
number

Experimental model

HEK hTREK-1 cell line

(Moha ou Maati et al, 2011)

HEK 293T/hTREK-1 cell line (Andharia et al, 2017)

HEK-293 T cell line

Cell culture

DMEM + Glutamax ThermoFisher 31966-021

Fetal bovine serum
jetPEI®
Trypsin-EDTA
G418 (geneticin)

Sigma-Aldrich
Ozyme
ThermoFisher

Sigma-Aldrich

F7524-500ML
POL101000053
25300-054
4727878001

Chemicals

Linoleic acid

cis-11,14-Eicosadienoic acid

Oleic acid

Stearic acid
Cis-5,8,11,14,17-Eicosapentaenoic acid
Cis-4,7,10,13,16,19-Docosahexaenoic acid
Alpha-linolenic acid

Docosapentaenoic acid (cis-7,10,13,16,19)
Cis-4,7,10,13,16-Docosapentaenoic acid
Arachidonic acid

Omega-3 Arachidonic acid

ML402

NanoTemper experiment

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Santa Cruz

MedChemExpress

L1376-500MG
E3127-25MG
01008
S4751-1G
E2011-10MG
D2534-100MG
L-039-1ML
D-120-1ML
18566-10MG
A36-11-100MG
5€229695
HY-104027
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Protein labeling kit NanoTemper MO-LO11
Capillaries NanoTemper MO-K022
Monolith™ X instrument NanoTemper

Membrane fluidity experiment
Membrane fluidity kit Abcam ab189819

Glass Bottom culture dishes MatTek P35G-0-14-C

550  Statistical analysis

551  All set of experiments were performed on at least three different batches (congelation and/or
552 passage) of cells. All descriptive statistics are displayed from Table 1 to Table 4. Statistical
553  analysis were performed using Prism software (GraphPad Prism 9, Inc., USA). Spearman
554  correlation test were performed and the p-value indicates the significance of the correlation
555  and the r parameter indicates the direction of the correlation (negative or positive). For the
556 linear regression, the p-value indicates the significance of the relationship, the R* indicates the
557  goodness of the fit an the error bars represent the 90 % confidence interval. Kruskal-Wallis
558  test followed by a post hoc Dunn’s test was used for multiple comparison of unmatched data.
559 A p-value of 0.05 or less was considered as statistically significant. The differences between
560  more than 2 groups are displayed by the letter code, where groups that do not share the same
561 letter are significantly different.

562

563
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713

714

715  FIGURE LEGENDS

716  Figure 1: Activation of TREK-1 channel by PolyUnsaturated Fatty Acids.

717 A. Illustration of the voltage ramp protocol to record Itrgk.; between -100 mV and +30 mV.
718  B. A representative traces of current recordings during C22:6 n-3 (DHA) application is shown
719  in one trace per 10s (middle). The inset on the right shows the characteristic outward
720  rectifying initial current of TREK-1 (Io: initial current density). C. Effect of 10uM of
721  Norfluoxetine (NrFlx on Iy. D. Bar graph showing the initial membrane potential Emy (mV)
722 for HEK 293T and HEK hTREK-1 cell lines and the membrane potential Empyra of HEK
723  hTREK-1 cells after the PUFA perfusion. E. Lack of correlation between the acyl chain
724 length and I/Iy and F. the current density (pA/pF), in response to 10 uM PUFAs at 0 mV. G.
725  Lack of correlation between the number of double bounds and I/ and H. the current density
726  (pA/pF), in response to 10 pM PUFAs at 0 mV. (Purple: C18:2 n-6, blue: C18:3 n-3, light
727  green : C20:2 n-6, brown: C20:4 n-3, red : C20:4 n-6, green: C20:5 n-3, light green : C22:5 n-
728 3, pink: C22:5 n-6, orange: C22:6 n-3).

729

730  Figure 2: Variability of TREK-1 activation by PUFAs

731  A. Boxplot of the fold increase (Ipura/lo) of TREK-1 and B. the current density at steady-state
732 (Ipura, pA/pF) at 0 mV for each PUFA at 10 pM. Boxplots represent the median (lines) with
733  max and min values (error bars). Groups were compared with a Kruskal-Wallis test followed
734 with the post-hoc Dunn’s test. Two bars having the same letter are not significantly different.
735  C. Changes in the coefficient of variation (SD/mean) between Ipyra/lp and Ipyra at 0 n[__](

736 : coefficient of variation for Ipyra/Io—] : coefficient of variation for Ipyga). Both coefficient
737  of variation are superimposed.
738

739  Figure 3: Variability in TREK-1 activation by PUFAs depends on the initial current I,.
740  A. Scatter plot representations of Ipyra/ly as a function of Iy. B. Linearization of the Ipyra/ly VS
741 I relationship following log-transformation for each PUFA. The simple linear regressions—
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742 ) are represented with the 90% confidence interval (IC; dotted line----- ) used to discard one of
743 the C20:4 n-3 and C20:4 n-6 data points (H). A point is discarded only if it is out by more than
744 twice the 90% IC. C. Relationship between LoglO(Ic22:6 n-3/lo) and Logl0(Ip) at 0 mV in
745  different cell lines: HEK hTREK-1 stable cell line #1 (orange), HEK hTREK-1 stable cell line
746  #2 (red) and HEK 293T cells transiently transfected with TREK-1 channel (pIRES2 KCNK2
747  WT 6 ng/uL)(purple). D. Lack of correlation between the Y-intercept of the linear
748  regressions obtained before and the acyl chain length, E. and the number of double bounds,
749  for each PUFA at 10 uM.

750

751  Figure 4: Activation kinetics of TREK-1 channel by PUFAs.

752  A-C. Time course showing the effects of 10 uM PUFAs and ML402 on Itrgk.; at 0 mV.
753  PUFAs and ML402 were superfused until the steady-state was reached. Insets show the
754  representative current densities recorded in control medium and then under PUFAs or ML402
755  application. D. Bar graphs of the activation rate + SEM to reach the steady-state of Ipypa.
756  Groups were compared with a Kruskal-Wallis test followed with the post-hoc Dunn’s test.
757  Two bars having the same letter are not significantly different. E. Relationship between the
758  fold-increase of TREK-1 (Ipyra/lo) and the activation rate (min'l) (R2=O.60; p-value=0.02;
759  error barres show the SEM of the Ipyra/lp and the activation rate).

760

761  Figure 5: Washout kinetics of LA, EPA, DHA and ML402.

762  A. Representative traces of the reversibility of the current density with one trace per minute
763  (grey: initial current Ip; colors: PUFA-activated current density at steady-state; black: washout
764  current density). B. Normalized current-time curve of the reversibility for each compound
765  (mean £ SEM) with 1 point every 10s. The current was normalized as (I-Ip)/(Ipyra-lo). The
766  inset shows the time to reach 50% of the reversibility of TREK-1 activation. C. Lack of
767  correlation between the time for 50 % of washout and the acyl chain length and D. the number
768  of double bounds.

769

770  Figure 6: PUFAs activate TREK-1 in inside-out configuration of patch-clamp.

771  A-C. Representative traces showing the activation and reversibility in inside-out configuration
772 of patch-clamp technique for A. ML402 10 uM B. C18:2 n-6 5 uM and C. C22:6 n-3 5 uM
773  superfused at the inner face of the membrane. Membrane potential was held at +30 mV. The
774  expanded current traces where extracted at the time indicated by the arrows.

775

776  Figure 7: Membrane fluidity is not altered by PUFAs at 10 pM

777  A-C. Membrane fluidity is not changed over time by 10 uM of PUFA but 100 uM :A. C18:3
778  n-3 (10 uM: n=3; 100 uM n=6; CTL n=4), B. 18:2 n-6 (10 uM: n=6; 100 pM: n=7; CTL
779  n=6), C. C22 :6 n-3 (10 uM: n=5; 100 uM: n=5; CTL n=5),

780

781  Figure 8 : Effect C22:6 n-3 on SpS signal in TREK-1-enriched microsomes and non-
782  enriched microsomes

783 (I, (TREK1, HEK) represents the binding affinity of C22:6 n-3 (from 1 mM to 30.5 nM) for
784  TREK-1-enriched microsomes from 1 mM to 30.5 nM (n=5-9 experiments).

785

786

787

788

789

790

791
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L08
908

Tail Unsaturation

IUPAC Name length number w Ipura/lo Ipura (pA/pF)
C18:0 Stearic acid 18:0 18 0 1,0+0,1 184 +5.5

C18:1 n-9 Oleic acid (9) 18:1 A9 18 1 w-9 74+19 113,11+ 246
C18:2 n-6 Linoleic acid (9,12) 18:2A9,12 18 2 w-6 248 +3.3 353.7+224
C18:3 n-3 o-Linolenic acid (9,12,15) 18:3A9,12,15 18 3 w-3 14+£0.1 20.72+4.2
C20:2 n-6 Eicosadienoic acid (11,14) 20:2A 11,14 20 2 w-6 10.1£1.2 166.1+ 16.2
C20:4 n-3 Eicosatetraenoic acid (8,11,14,17) 20:4 A8,11,14,17 20 4 w-3 109+20 119.2+ 155
C20:4 n-6 Eicosatetraenoic acid (5,8,11,14) 20:4 A5,8,11,14 20 4 w-6 15.7£2.1 199.5 + 231
C20:5 n-3 Eicosapentaenoic acid (5,8,11,14,17) 20:5A5,8,11,14,17 20 5 w-3 174+28 2117+ 21.0
C22:5 n-6 Docosapentaenoic acid (4,7,10,13,16) 22:5A 4,7,10,13,16 22 5 w-6 26.1+8.3 2453+214
C22:5 n-3 Docosapentaenoic acid (7,10,13,16,19) 22:5A7,10,13,16,19 22 5 w-3 13.3+29 147.1 + 26.6
C22:6 n-3 Docosahexaenoic acid (4,7,10,13,16,19) 22:6 A4,7,10,13,16,19 22 6 w-3 298144 276.8+£24.5

T€

Table 1: Fatty acids nomenclature, characteristics and effects on the TREK-1 current in whole-cell configuration of patch-
clamp. Values of Ipypa/lp and Ipyra are expressed as mean = SEM.
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n p-value R? Equation Y-intercept = SD
C18:2n-6 20 0.0001 0.82 Y =-0.9378*X + 2.343 2.3+0.1
C20:2n-6 7 0.027 0.66 Y =-0.5264*X + 1.621 1.6+0.2
C20:4n-3 12 0.0001 0.80 Y =-0.6305*X + 1.672 1.7+0.1
C20:4n-6 16 0.002 0.50 Y =-0.8315*X + 2.083 21+0.3
C20:5n-3 17 0.0008 0.53 Y =-0.7172*X + 1.958 1.9+0.2
C22:5n-6 11 0.0001 0.84 Y =-1.073*X + 2.462 25+0.2
C22:5n-3 12 0.371 0.08 Y =-0.3221*X + 1.378 1.4+04
C22:6 n-3 20 0.0001 0.68 Y =-0.7378*X + 2.133 2.1+0.1

808

809  Table 2: Parameters of the linear regression Log10 (Ipura/Io)=f(L.og10(Io)).

810 TREK-1 current was recorded in whole-celle configuration of patch-clamp.The p-value
811 indicates the significativity of the relationship, the R? indicates the goodness of the fit and the
812  Y-intercept reflects the fold-activation of TREK-1 current for an unitary current as Log(1)=0.
813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830
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Half-activation (min) Steady-state (min)  Activation rate (min™)

n Mean £ SEM Mean + SEM Mean + SEM

C18:2n-6 20 1.9+0.2 3.7+0.3 45+0.7
C20:2n-6 7 46+0.3 74103 0901
C20:4n-3 12 46+0.2 7102 09+0.1
C20:4n-6 16 3.9+0.3 6.7+0.3 1.1+0.1
C20:5n-3 17 3.2+0.3 57+0.3 20+0.3
C22:5n-6 11 3.1+03 53104 1.5+0.2
C22:5n-3 12 42+04 59+04 09+0.1
C22:6 n-3 20 23+0.2 43+0.3 34+04

ML402 19 21+0.2 3.9+0.3 3.8+0.5

831

832  Table 3: Parameters of the activation kinetic of TREK-1 by PUFAs and ML402 in
833  whole-cell configuration of patch-clamp. Values indicate the time (min) needed to reach the
834  half-activation and the steady-state of the activation of TREK-1. The activation rate (min™)

835  derived from the sigmoidal fitas : [, = I, + Upura—lo) 444 activation rate = —

tso—t slope’
1+e slope
836
837
Steady-state (min) 50% of washout (s)
S o Mean + SEM Mean + SEM
(uM)
C18:2n-6 4 5 46+04 18.3+6.3
C22:6n-3 6 5 29+0.3 18.3+4.2
ML402 6 10 2.6 +0.6 155+7.6
838

839  Table 4: Descriptive statistics for TREK-1 activation and washout kinetics in inside-out
840  configuration of patch-clamp. Values indicate the time needed to reach the steady-state
841  (min) and the time to reach 50% of washout (s).

842

843

844

845
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