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determination of vesicle capacity at the end of the experiment. The “relative K8�flux” was 
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to give the “fractional activation.”�
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Pooled data are presented as mean ± SEM and evaluated for statistical significance 

(defined as P < 0.05 for all tests). An unpaired Student’s t test was used to compare data from 

two separate groups. One-way ANOVA was used for comparing three or more groups, followed 

by Bonferroni post hoc test for comparison between groups when applicable. Where indicated, n 

represents the number of cells from which the currents were recorded under each condition. All 

data were analyzed using Excel (Microsoft) and Prism (GraphPad). 
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Critical role for the 6’ lysine in the tether helix for PIP�"#����#����
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highly conserved residues (K194 in GIRK2) is defined as the 0ʹ position (0ʹK), K199 as 5ʹK, and 
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four substitutions per tetramer, we engineered a single point mutation at 6ʹK in GIRK2*. We 

predicted that a conserved charged substitution at this position (i.e., K200R [6ʹR]) would 
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+100 mV on the GIRK current measured at −120 mV (Fig. S3). Longer depolarization times led to 
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�2�s not significantly different for 6ʹK and 6ʹY channels, but the tau for 
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��!������������'��6,{�6ʹY (��*1�@(����
����(�,;1/�¦�@1,������= 10) for 6ʹY, and 
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To gain structural insights into how 6ʹY might play a critical role in determining 
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Furthermore, the 5ʹ phosphate group of PIP,�also moves downward away from 0’K in the 
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�����*1�;��, top; and Videos 1 and 2). In the 6ʹY channe��

simulations, on the other hand, the 6ʹY side chain maintains an upward orientation (i.e., points 
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we examined the frequency of hydrogen bond formation with the 5ʹ�)9;����)�),�����
���&��
��
�

the 6ʹK or 6ʹY channel over the 400�
����	������
����*1�;� �1�4&����	������
��
���������&�2��&���

the 0ʹK and 5ʹK form hydrogen bonds with the 5ʹ�)9;(��
������.--�
�(��&��&!���*�
� �
���

 ���3�����&��)�),�	�������������������	�����2�!����	�������
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����� �
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trace). Coincident with this change, the negatively charged glutamate at 203 (E203; 9ʹE) forms a 

&!drogen bond with 6ʹK, whereas K64 forms a hydrogen bond with 5ʹ�)9;. In the 6ʹY channel 

simulations, however, both 0ʹK and 5ʹK maintain stable hydrogen bonds with the 5ʹ�

)9;�throughout the simulation, in parallel with the 6ʹY forming a stable hydrogen bond�����&��

��	���&���&�������*1�;� , green trace). Furthermore, the 9ʹE does not form any hydrogen 

bonds with 6ʹY.�
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�1������7�	��������'��6,M)�),����������������&���������
��������,--�
�����"��
��	������
������'��6,�6ʹK (WT) and GIRK2�6ʹY channels. Note the 5ʹ�)9;����)�),�	������2�!�
from starting position in the WT simulation. In contrast, the 5ʹ�)9;����)�),�������������
*�*��
)�),�	���������!��
��&��pocket in the 6ʹY channel. One of four subunits is shown. (b) Each graph 
�������&��
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� �
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�&���2��;--�
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������'��6,�6ʹK (blue) and GIRK2�6ʹY (green) channels. (c) Probability 
of hydrogen bonding between 9ʹE and 6ʹK/Y. (d) Probability o��&!���*�
� �
��
*�����6<;(�6/-(�
0ʹK, 5ʹK, and 6ʹK/Y with 5ʹ�)9;����)�),������2��	�7�	��� �
���1�������&��
�	 ������&!���*�
�
bonds increases with 0ʹK and 5ʹK but decreases for K64 with the 6ʹY channel simulations. Bars 
�������
��	��
�¦���"1�{(�)�z�-1->[�
�, not significant; Student’s�������1���*������������������
���	�#���
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observations, we calculated the probability of hydrogen bond formation between the 1ʹ, 4ʹ, or 

5ʹ phosphate of PIP,��
��'��6,�����������������3�����
� ��&�;--�
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2��&�)�),�occurs between the side chain and backbone amide of R92 with the 1ʹ�)9;��
� ��&�P4�

6ʹK and 6ʹY simulations (Figs. S4 a and S5). This finding raises the possibility that R92, which is at 

�&�� ����	�����&��"1 helix, serves as an anchor point for interactions of 1ʹ�)9;����)�),�2��&��&��

channel, whereas the 4ʹ�)9;�and 5ʹ�)9;��
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The probability of hydrogen bonds with the 5ʹ�)9;����)�),���*
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0ʹK and 5ʹK in the 6ʹY channel simulation (��*1�;���1�
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��2��&��&�����&�
*��(��&��

probability of hydrogen bonds between K64 and 5ʹ�)9;���������(�2&������6<;�&!���*�
�

bonds with the 5ʹK increased in the 6ʹY channel si	������
����*�1�;����
���;� �1�4&����� � ����!�

of hydrogen bonds between the 4ʹ�)9;����)�),��
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�&�
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5ʹK in the 6ʹY channel simulation (Fig. S4 b). Furthermore, the 6ʹY does not hydrogen bond with 

9ʹE in the 6ʹY simulation, allowing only hydrogen bond interactions with 5ʹ�)9;����*1�;(����
����1�

Collectively, the 6ʹY simulations appear to show a strengthening of the interaction of the 5ʹ�

)9;����)�),�with the 0ʹK and 5ʹK, limiting the downward movement of PIP,��2�!����	��&��

channel’s PIP,� �
��
*����3������*1�;(��–��1�

The MD simulations also revealed an important interaction of the 6ʹK with the 9ʹE, as 

the 6ʹK adopts a downward orientation (��*1�;��). The positively charged 6’K forms a significant 
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���2�th 9’E that are absent in the 6’Y channel (��*1�;��). The 9ʹE also 

forms hydrogen bonds with K64 in the MD simulations (Fig. S4 c). In the 6ʹY mutant channels, 

however, the number of hydrogen bonds significantly decreases between K64 and the 5ʹ�)9;����

)�),���*1�;��). Thus, a trifecta of hydrogen bond interactions among 6ʹK, 9ʹE, and K64 may 
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�)�),�and the 0ʹK and 5ʹK sites in the 

channel. Collectively, the MD simulations provide a tenable model for how 6ʹY migh�����	����
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substitution (6ʹY) supports movement of PIP,�deeper into the pocket toward the 0ʹK and 5ʹK.�
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data demonstrate that the two phosphates in the 4ʹ and 5ʹ position of PIP,�����
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complete channel activation but that the 5ʹ�)9;����)�),������������
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MD simulations reveal conformational changes in the HBC gate 

4�������	�
��2&��&���)�),�channel interactions observed in WT (6ʹK) and 6ʹY channel 
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calculated the total number of the hydrogen bonds for 0ʹK–5ʹ�)9;, 5ʹK–5ʹ�)9;, and 6ʹK–5ʹ�
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��*�<�MD simulations of GIRK2 6ʹY reveal dynamic opening of the channel�����&��5�
�*���1�����
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simulation time for WT (6ʹK, blue) and 6ʹY (green) channels. (b) The cross������
������	��������
�&�����������&��5�
(�	�������� ��2��
��&��center of mass of F192 (−2ʹF) side chain, is plotted 
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�	�	 ��
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�������7�	�tely −25 Å), is plotted as a function of the simulation time for WT (top) and 
6ʹY (bottom) channels. Note the loss of water around the region of the −2ʹF in WT channels 
�����2�1�����
�������������������2�����&��5�
����;--�
������'��6,�WT (6ʹK; d) and GIRK2�6ʹY (e). 
�����&�2�)�),�is bound loosely for WT and more tightly for 6ʹY. (f) Superimposition of one 
subunit in 6ʹK (gray) and 6ʹY (yellow) showing movement of M2 relative to G180 in 6ʹY (red). (g) 
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the 6ʹY channel, compared with WT, was also observed in the second 6ʹY simulation (Fig. S6). 
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In contrast, we find that positive charge at the 6ʹ amino acid in the tether helix is not essential 
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simulations. With the 6ʹY MD simulations, however, we observe a similar movement of the M2 
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