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Putative binding sites for arachidonic acid on a
human cardiac Kv1.5 channel
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Backgroud:Arachidonic acid (AA) is a cis-polyunsaturated fatty acid ubiquitously
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present in the plasma membrane. In response to extracellular signals, AA can be released
from membrane phospholipids via G-protein- or Ca?'-mediated activation of
phospholipase. Some previous results suggest that AA is known to modify ion channel
activities in various cell types including cardiac myocytes.

In the human atrium, the molecular component, which underlies the ultra-rapid
delayed rectifier potassium current (Iku), is the human Kv1.5 channel (hKv1.5). The
channel plays an important role in the repolarization of atrial action potential, but not
ventricle. Previous studies have shown that several residues located near the outer pore
region, the base of selectivity filter and the transmembrane segments (S6 domain) of
hKv1.5 could provide crucial binding sites for pharmacological inhibitors.

Objective:An early study has described that relatively high concentration of AA (30
puM) resulted in a marked current inhibitior. of the mouse Kv1.5 (mKv1.5) and
concluded a probable direct action of AA or mKv1.5 channel without involvement of
AA metabolites. However, the molecular me: hanism underlying this channel
inhibition has not been fully delineated. The =fore, my study was designed to
investigate the modulation of hKv1.5 channe! »y AA under the different conditions and
determined the possible binding sites of AA.

Materials and Methods
Site-directed mutagenesis and transfection
Full-length complementary DNA (cDNA) of hKv1.5 channel was subcloned into thd

mammalian expression vector pcDNA3.

Site-directed mutagenesis was applied to introduce eleven single point mutations
into hKv1.5 cDNA by using Quikchange-II-XL Kit .WT and mutant cDNA were
transiently transfected into CHO cells together with GFP using Lipofectamine,
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Patch-clamp recordings

After transfection for 48 h incubation at 37 °C, the GFP-positive cell was used for the
patch-clamp study. Whole-cell membrane currents or macroscopic currents were
recorded with an EPC-8 patch-clamp amplifier (HEKA). The hKv1.5 whole-cell
membrane currents were elicited by applying 300-ms depolarizing steps from a
holding potential of -80 mV to various voltage steps.

Data analysis

All data were expressed as mean + S.E.M. Statistical comparisons between two
groups were analyzed using Student’s t-test. Comparisons among multiple groups
were analyzed using one-way analysis of variance (ANOVA), followed by Dunnett’ post
hoc test and a p-value <0.05 was considered significant.

Results
hKv1.5 current was minimally affected at the onset of depolarization but was

progressively reduced during depolarization by the presence of AA, suggesting that AA
acts as an open channel blocker (ICsp of 6.1+£0.6 uM; n=10). AA itself affected the channel
at the extracellular sites independently of its metabolic and signalling pathways. The
blocking effect of AA was attenuated at pH 8.0 but not at pH 6.4. The blocking action of
AA developed rather rapidly by coexpression of KvB1.3. The degree of current block by AA
was significantly attenuated in H463C, T480A, R487V, I502A, I508A, V512A and V5164,
but not in H463C, A501V and L510A mutants of hKv1.5 channel. Docking simulation
predicted that H463, T480, R487, 1508, V512 and V516 are potentially accessible for
interaction with AA.
Discussion

AA acts on hKv1.5 as an open channel blocker, which is supported by the following AA
minimally affects the initial current levels at the onset of depolarization but progressively
reduced the current during the depolarizing steps
The present study also found that while T480A decreases the sensitivity to AA inhibition,
mutation of its neighbor amino acid T479 enhances AA inhibition (Figure 6). Although the
precise mechanism remains to be fully understood, there might be some positive steric
effects of T479A mutation on the neighboring T480 or on other potent AA binding sites.

Previous studies have shown that 1502, 1508 V512 and V516 are important for
mediating the blocking action of various drugs on hKvl.5,.Similarly,R487 and H463 are
also important for the blocking actions of protons,drugs.Based on the crystal structure of]
Kv1.2, T480, IS08, V512 and V516 are predicted to face toward the inner cavity of the

channel
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.whereas 1502 is positioned away from the central cavity of the pore and forms a
hydrophobic interface with the adjacent S5 domain.The present docking simulation
study predicted that H463, T480, R487, 1508, V512 and V516, but not 1502, interact with
AA.The mutation of IS02 affects the blocking actions of compounds through
conformational changes of the pore.hydrophobic moieties of the compound protrude into
hydrophobic Subunit interfaces and thereby approach the 1502 residue.

About the effect of PH on Kv1.5.1t is generally accepted that the environmental pH affects
the degree of hydrophobicity in AA. In addition, the activation of hKv1.5 channels is
sensitive to changes in external pH.These pH-dependent changes in properties of both AA
and hKv1.5 might underlie the attenuation of the inhibition of hKv1.5 by AA in an
alkaline pH of 8.0.

It is probable that AA-induced inhibition of hKv1.5 could prolong APD and ERP in human
atrium and thereby mediate the anti-arrhythmic effect of AA. However, APD critically
depends on a delicate balance between several inward and outward currents, and AA has
various effects on other ionic currents that regulate APD in the heart,AA therefore could
produce complicated effects on overall atrial excitability

Conclusion, the present study provides experimental evidence to support that several
amino acids in the pore domain (H463, T480, R487, 1502, 1508, V512 and V516) confer
the AA sensitivity of hKv1.5. This information may help investigate the molecular
determinants for the action of other polyunsaturated fatty acids on hKv1.5 and provide

new direction for future development of selective blockers of hKv1.5.
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