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Contribution to Science

1. VSD-pore coupling mechanism of voltage-dependent activation. Among the three
major molecular steps in voltage-dependent activation of an ion channel (VSD activation,
VSD-pore coupling, and pore opening), the VSD-pore coupling is less understood than
the other two despite decades of intensive studies, due to the lack of powerful tools.
Using voltage clamp fluorometry, pharmacology, and kinetic modeling, | systematically
study the VSD-pore coupling mechanism of KCNQ1 potassium channels during voltage-
dependent activation. The studies determined a new pharmacological tool and revealed a
two-stage VSD-pore coupling, which we named as “Hand-and-elbow” mechanism. This
fundamental gating mechanism advances the understanding of how ion channel works,
and it is well conserved among both voltage- and ligand-gated ion channels. (Hou, et al.
Nature Communications. 2020; Hou, et al. eLife. 2019; Hou, et al. Nature
Communications. 2017; Taylor*, Kang*, Hou*, et al. eLife. 2020)

2. Physiology and pathology of ion channels. lon channels can be modulated by varies
molecules and messengers (Ca2+, cCAMP, PIP2 etc.) as well as tissue-specific auxiliary
subunits. All these modulations together shape and largely diverse the ion channel
functions. Problems with any of these modulations can lead to serious diseases. My
studies on BK potassium channels answered several long-standing but fundamental
gating and modulation questions: Using Ca2+ uncaging technique, our studies
experimentally measured the Ca2+ binding rate and demonstrated that BK channel can
serve as a Ca2+ sensor to probe the local calcium signaling during neuron firing; We also
systematically studied inter-o/3 subunits coupling of BK channels, and determined
mechanisms of pre-inactivation and augmented-activation, which has puzzled the field for
decades. (Ma and Zhong et al. PNAS. 2022; Hou et al., Scientific Reports. 2013; Hou
et al. Scientific Reports. 2016; Liu*, Hou*, Guo* et al. J. Biol. Chem. 2014; Yan et al.
Ding”, and Hou*. PLoS ONE. 2016)

3. lon channel drug screening and precision medicine. lon channel is becoming the
most important drug target. My solid training in ion channel biophysics facilitates drug
development targeting ion channels. | systematically investigate the pathology of ion
channel associated diseases in native cells including human T- Lymphocyte, DRG neuron,
ventricular myocyte, and patient-specific iPSC derived cardiomyocyte: We built up a cell
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model of human T-lymphocyte, which provides a simple platform for studying Ca?*
signaling during T cell activation; We found that TRPV1 channels are functionally coupled
with BK channels in DRG neurons, forming a negative feedback for pain processing; We
also identified new modulators targeting BK potassium and Navl1.5 sodium channels for
hypertension and arrhythmia. My new strategy for manipulating the KCNQ1 channel as a
target for arrhythmia was funded by AHA. (Hou et al.. PLoS ONE. 2014; Wu*, Liu*, Hou*
et al. PLoS ONE. 2013; Wang*, Luo*, Hou* et al. PLoS ONE. 2013; Liu et al.
Hypertension. 2013)
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Jiuping Ding*. Physiological role of Kv1.3 channel in T lymphocyte cell investigated
guantitatively by kinetic modeling. PLoS ONE. 2014. e89975.

11.Ying Wu#, Yongfeng Liu#, Panpan Hou#, Zonghe Yan, Wenjuan Kong, Beiying Liu,
Xia Li, Jing Yao, Yuexuan Zhang, Feng Qin* and Jiuping Ding*. TRPV1 channels are
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Lu-Yang Wang*, Jiuping Ding*. Native gating behavior of ion channels in neurons with
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19.Yongfeng Liu, Panpan Hou, Chenglong Xia, Wei Wang, Wenjuan Kong, Jiuping Ding.
Single-Molecule Localization and Spatial Distribution of BK Channels in the Cell
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20.Mark Zaydman, Marina Kasimova, Kelli McFarland, Zachary Beller, Panpan Hou, Holly
E Kinser, Hongwu Liang, Guohui Zhang, Jingyi Shi, Mounir Tarek, Jianmin Cui*.
Domain—domain interactions determine the gating, permeation, pharmacology, and
subunit modulation of the IKs ion channel. eLife. 2014. 3:e03606.

21.Rui Liu#, Zheng Zhang#, Huan Liu#, Panpan Hou, Jun Lang, Sheng Wang, Hongli Yan,
Pengcheng Li, Zhigang Huang, Hongbing Wu, Minggiang Rong, Jian Huang, Hong
Wang, Longbao Lv, Mingfeng Qiu, Jiuping Ding*, Ren Lai*. Human beta-defensin 2 is a
novel opener of Ca?*-activated potassium channels and induces vasodilation and
hypotension in monkeys. Hypertension. 2013. 62:415-425.

22.Jie Luo, Panpan Hou, Jiuping Ding, and Anlian Qu*. Kernel Based Non-lterative
Automatic Fast Capacitance Compensation in Patch-Clamp Experiments. Cellular and
Molecular Bioengineering. 2012. 5:440-449.

23.Alex Dou, Po Wei Kang, Panpan Hou, Mark A. Zaydman, Jie Zheng, Timothy Jegla,
Jianmin Cui. Principles of sensor-effector organization in six-transmembrane ion
channels. PNAS. (under review)
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2008 Outstanding Student Leader scholarship in HUST
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2010 Early Investigator Award, Calcium Signaling Conference (Biophysical Society).

2010 Merit Predoctoral Student, Huazhong University of Science and Technology, China.

2013 National Predoctoral Scholarship, Ministry of Education, China.

2014 Early Investigator Award, HUST, China.

2018 AHA Postdoctoral Fellowship Award (2018-2020)

2018 Best Poster Award (The 2" Membrane Protein Physiology and Drug Development)

2018 Best Poster Award (The 12™ International Symposium on Calcium Signaling)

2019 Co-Chair the “lon channel regulatory mechanism” session for the Biophysical
Society 63" annual meeting at Baltimore.

2021 Member of the Neurobiophysics of the Chinese Biophysical Society

2022 Co-Chair the “International lon channel conforence” at Wuhan, China.

Membership and academic contribution:

Biophysical Society since 2010;

American Heart Association since 2015;

Society for Neuroscience 2019;

Member of the JGP postdoctoral training program.

Review Editor of Frontiers in Molecular Neuroscience (IF=6.2),

Reviewer for eLife, Journal of General Physiology, Journal of Molecular and Cellular
Cardiology, Molecular Pharmacology, Scientific Reports, BBA Biomembranes, International
Journal of Molecular Sciences, Computers in Biology and Medicine, etc.

Research Funding Support

2018/07/01-2020/06/30 Hou, Panpan Total: $111,636
American Heart Association Postdoctoral Fellowship

Funding #: 18POST34030203

Title: The AO state of KCNQ1 potassium channel can be a new anti-arrhythmic drug target.
Role: Principal Investigator.

2022/01/01-2025/12/31 Hou, Panpan Total: ¥ 580,000
National Natural Science Foundation of China (General Program)

Funding #: 3217110103

Title: Molecular mechanism underlying the phosphorylation of IKs channels.

Role: Principal Investigator.

2023/01/01-2025/12/31 Hou, Panpan Total: MOP 2,119,000

FDCT-MOST project

Funding #: 0006/2021/AMJ

Title: Discovery of KCNQ5 channel selective modulators and their function in the treatment
of epilepsy and other neuropsychiatric diseases.

Role: Principal Investigator.

2023/01/01-2025/12/31 Hou, Panpan Total: MOP 1,600,000

FDCT project

Funding #: 0074/2022/A2

Title: Investigating the molecular mechanism of KCNQ1 mutants-induced high-risk heart
disease and developing new therapeutics from Traditional Chinese Medicine.

Role: Principal Investigator.



