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ABC Transporters in Cholesterol Trafficking
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Cholesterol-Trafficking by Transporters
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ABCA1: Tangier Disease / HDL deficiency

TANGIER DISEASE

GONIMQUOBW

e Its also known as Familial HDL deficiency.

e Its rare Autosomal codominant form of extremely low
plasma HDL-C levels that is caused by mutations in gene
encoding ABCAI (ATP-Binding Cassette transporter Al).

¢ The biochemical signs of this condition are: plasma HDL
< 5mg/dL, low total plasma cholesterol (below 150mg/dL),
and apoA-1 (<5mg/dL).

¢ Cholesterol accumulates in
reticuloendothelial system of
these patients, resulting in
Hepatosplenomegaly and
pathognomonie enlarged,
grayish yellow or orange

Tonsils.
¢ Anintermittent peripheral neuropathy (Mononeuritis
multiplex) can be seen.




ABCA1 & ABCG1: Diabetes / Atherosclerosis
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ABCG1: Cancer Metastasis
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ABCG5/ABCGS8: Sitosterolemia / Hypercholesterolemia
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Dietary Sterols
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Liver/Intestine-Specific Sterol Transporter

mm Plant Sterols
mm Cholesterol DIET Enterocyte

3 F
Small @
Intestine
‘ Chylomicron
G5G8 ylomi
Bile Canaliculus Hepatocyte
Liver ©

o

G5G8 ‘




- ABC sterol Transporters in the Brain
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Structural Biology

e Understanding biology by examining three dimensional (3-D) molecular
architectures and their changes.

e Learning life in action with the eyes of atoms: chemical and physical
properties of biological matters.

e Structures of biological molecules determine their functions.

Central dogma:
Sequence =» Structure = Function



Nucleotides (DNA)

Some typical cells

A major key concept in human
physiology (or any organism) is
how all the biological matters work
in the bodies. From systems (such
as gastrointestinal), organs,
tissues, to cells, all comes down to | atoms (C, H, O, N, P)
operations of biological
macromolecules, such as DNA or
proteins.

Skeletal muscle

p Smooth muscle
- /‘ ; I Cardiac muscle

- =

As we discuss the molecular Proteins (tubulin/microtubule)
interactions, we are looking at esophagus

reactions that happen among
thousands of atoms that make up
individual macromolecules.

mucous
membrane

pylorus
This is the spirit of this course. We

are looking at how proteins work
in our bodies and how they
contribute to the physiological
functions at “atomic” resolution.

duodenum  |ayers of

muscle

Carlyn Iverson




How "Tiny” Can We See?

From human’s eyes to analytical
instruments, we are all limited to
how small objects we can see.

For cells, we can easily observe
under a light microscope and with
more detailed information using
electron microscopes.

To see objects at atomic
resolution, so far, we know X-ray
crystallography, transmission
electron microscopy, and NMR
spectroscopy can enable such
high-resolution imaging.

This course will selectively focus
on these three methodologies that
enable vast protein structure-
function studies so far.

Tissue

Organisms

Human Eyes I

Atoms

Molecules

Membranes / Vesicles

Organelles

Viruses




ATP-Binding Cassette (ABC) Proteins

Transmembrane
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Nucleotide-binding domain
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ABC coupled transport: a simple idea
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ABC and ATP usage are part of story!

ATP  ADP/Pi



Structural diversity: bacterial point of view
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(Thomas & Tampé, Curr Opin Struct Biol, 2018)



sterol export

Structural diversity: mammalian point of view
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So, ...

High-degree of structural diversity in the
transmembrane domains of ABC transporters.

The structural variability (likely) determines the
functional diversity of ABC transporters.

Transport mechanism is (likely) individually
distinct.



ABCG5/G8: X-ray Crystallography

G5G8 bicelle preparation Crystal growth & X-ray diffraction
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ABCG5/G8: X-ray Crystallography

Domain features Structural similarity:

ECD: extracellular domain o
TMD: transmembrane domain RMSD (Ca) ~ 2A

CnH: connecting helix (~28% sequence identity)

NBD: nucleotide-binding domain
CpH: coupling helix

(Lee et al, Nature, 2016)



Sample

'E Grid

=

l Freeze

Electron
microscope

l Collect data

2D
projections

l Pick particles

Particle
alignment and
averaging

FEEE

[+
A
-]
A

olojo»>

BREE

3D map

—sdy—

Kim Caesar/Nature Publishing Group

3D model

The overall single-
particle cryo-EM
workflow, from protein
sample to 3D model.

ABCG5/G8, ABCG1, ABCA1: Single-particle Cryo-EM

Electron micrograph

3-D reconstruction &
refinement

«—(Dérr, Nat Meth, 2016)
(Zhang et al, Comm Biol, 2021)—

6,288 micrographs
1,031,302 particles

2D classification
—_—>
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3D classification, K=4

2D classification

B

722,321 particles
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3D autorefine, 492,931 particles |

36.1%

' CTF refinement,
’ Bayesian polishing,
Post processing with mask

2-D classification



ABCG5/G8, ABCG1, ABCA1: Single-particle Cryo-EM
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(Zhang et al, Comm Biol, 2021) (Skarda et al, JMB, 2021) (Qian et al, Cell, 2017)



Shared structural fold in ABCA and ABCG
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Novel structural motifs in ABCA and ABCG

TMD

NBD

Walker A Walker B

Polar relay Sterol binding Triple-helix bundle

(Lee et al, Nature, 2016, Xavier et al, BCB, 2019)



Transmembrane Domain of ABC Cholesterol
Transporters: a Pathogenic Hot Spot

Polar relay Pathogenic residues:
G5G8 (red), A1 (green)

(Xavier et al, BCB, 2019)
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Lipid/Sterol Transporters v.s. Cell Signaling
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Asymmetric Cholesterol Distribution by ABC
Sterol Transporters
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Simulation of domain movement in ABCG5/GS8.

(Zein et al, Biochem Soc Trans, 2019)



Transmembrane conformations

Apo state (no catalytic ligand)
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Working Model of ABC Sterol Transporters
(Cellular)
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'membrane

Further Structural Analysis — Hydrophobic valve/gate & ...

Re-entry helix
Hydrophobic valve
Polar relay

Elbow connecting helix
ICL coupling helix

- 23 NBD interface 2

conservation score

(Khunweeraphong et al, FEBS Lett, 2020)



Cholesterol-binding pocket(s):
different models, different proposals
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Specific ATPase activity
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Working Model of ABC Sterol Transporters
(Molecular/Atomic)
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Working Model of ABC Sterol Transporters
(Molecular/Atomic)

Gate

[ [

2P, 2 ADP
(Skarda et al, JMB, 2021)

,'\
i, Out
5|

»
»

|
i Membrane






