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What are Membrane Proteins?

|Associoﬁon of Proteins with the Cell Membrane ]

> Proteins that interact with biological
Glycolipid

membranes. i
Single Protein-protein
pass interactions

» Cellular transport, signaling, recognition
and catalysis. |

» The targets of more than half of the Ml
modern medicinal drugs.
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Membrane proteins are abundant and important.
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KCNES3: A Potassium Channel Accessory Protein

U Atransmembrane protein
d 103 AA
d Molecular weight is 11.7 KDa

Function:

0 KCNES3 holds open KCNQ1- a
leaky channel

 Regulates ion homeostasis in
the cell

d Malfunction of KCNE3 develops

diseases: Long QT syndrome, Secretary
diarrhea and CF (Cystic Fibrosis)
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atrial fibrillation
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Long QT Syndrome

Normal ECG Long-QT| 1 out of 7000 people are
suffered from Long QT-
Syndrome. 3000-4000 people
die every year in USA.
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1 https://www.epainassist.com/chest-pain/heart/long-qt-syndrome’

Cardiac Long QT syndrome

Schematic representation of ECG

KCNQ1 subunit KCNE3
» A congenital heart condition with delayed i
excitation of the heart as observed on their
ECG.
»Patients that suffer from long QT syndrome oo
will go into ventricular fibrillation and NH, COOH
sudden death.




3D-structure of KCNE3
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Micelle/lsotropic bicelle is not an ideal environment for proper function of
membrane proteins.

Kroncke et al, Science Advances, 2016; 2 : e1501228



Biophysical techniques for membrane

proteins

Electron Paramagnetic Resonance (EPR)
Technique:

» No protein size limitation

» Lipid bilayer environment

» High sensitivity

http://epr.miamioh.edu/instrumentation/bruker-emx-room-temperature-instrument; http://miamioh.edul/it- CampbeIISVﬂle @

services/news/2018/11/hpc-redhawk.html UNIVERSITY/@)\
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Electron Paramagnetic Resonance (EPR)

EPR measures the absorption of a microwave radiation by an unpaired
electron in the presence of an external magnetic field.

14N
Hyperfine term
Leeman term B mip = 1
hV — ge B BO ; — Ei_ . miy =0
Fundamental equation of EPR A B my = -1
E _Q: I'=1 A, = £1,4m; = 0
\‘,‘ . iy = —1
Continuous Wave (CW) -EPR : - L iy = 0
»EPR Lineshape Analysis | S N =1
»Power saturation EPR B =0 :
Pulse EPR
»Double electron electron resonance (DEER)
technique : (20-60 A)
Campbellsville
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Site-directed spin labeling (SDSL) EPR
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Methanesulfonothioate
Spin label (MTSL)

Application:
» Side-chain dynamics
» Backbone fluctuations
» Protein topology
» Conformational dynamics
» Distance restraints for protein structure
» Protein-protein interaction




Approaches: Molecular Biology + EPR
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CW-EPR Spectroscopic measurements
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CW-EPR Spectroscopic measurements
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EPR Power Saturation Data: Incorporation of KCNE3

iInto POPC/POPG Lipid Bilayered Vesicle
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Double Electron Electron Resonance

(DEER) Spectroscopy

Four Pulse DEER Sequence
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Dipolar coupling frequency is given by,

_ Hﬂ.‘é}'lﬂzﬁg 1 20 _
Wpp = p— (3cos“6 — 1)




DEER Data on KCNE3 In Lipodisq
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How does KCNE3 interact with Lipid Bilayers?

Molecular
dynamics
simulations on
KCNE3
membrane
protein

15
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» CW-EPR Spectroscopic lineshape analysis data provide
sidechain dynamic properties of KCNES3 in lipid bilayered
membrane.

» EPR power saturation data provide topology of KCNE3 in
lipid bilayer membrane.

» The DEER distance distribution data indicated that the
lipidisg nanoparticle provide better membrane mimic when
compared to that of the liposomes for Biophysical
measurement.

» Developing several biophysical techniques for studying
structural and conformational dynamics of KCNES.

KAS Meeting 2021
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