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Cholesterol: a Risk Factor of
Cardiovascular Diseases
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v Function and structure of ABCG5/ABCGS8

« What’s known & what’s not known

« Summary, questions, & future directions



ABCG5 and ABCGS8 in the Guts
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Heterodimeric ABCG5/ABCGS

(2p21)

Transmembrane domain

Nucleotide-binding domain



Expression of Human ABCG5/ABCGS8

Host: Pichia pastoris Yeast

(Shutter et al, Nature Biotechnology, 2009)

(Ina Urbatsch, Texas Tech HSC)
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Optimization of Protein Preparation
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Bicelle Crystallization (Lipid Bilayers)
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The G5G8 reveals new TMD structural fold for the
ABC transporter superfamily.

TMD TMD

(Hollenstein et al, Curr Opin Struct Biol, 2007) (Lee et a/’ Nature’ 201 6)
(Rees et al, Nature Rev Mol Cell Biol, 2009)
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ABCG5 and ABCGS8 share high structural similarity.

Domain features Structural similarity:
6
q 1
3 5
2
TMD: transmembrane domain ECD: extracellular domain RMSD (Cor) ~ oA

CnH: connecting helix (~28% sequence identity)

NBD: nucleotide-binding domain
CpH: coupling helix

(Lee et al, Nature, 2016)



How does the catalytic NBD communicate
with sterol transporting TMD?

TMD

NBD
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Nucleotide-Binding Site (NBS)



How does the catalytic NBD communicate
with sterol transporting TMD?

CpH/CnH/E-helix
triple helical bundle

CnH

E-helix

TMD

NBD
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Mus musculus 134 RIATLRY TAMLA-—-~FGKLGVLLRRVTRNLMRN~LRAVSDQESQDGLY 459
Gallus gallus 126 SLTYTALLA--~ISKLWFLLRRITRNFSKD~LRAISDQESKDGLY 451
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CnH: connecting helix : 7

G8 * * *k * % * * % * *
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Interactions within the Triple Helical Bundle
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CnH: connecting helix A: Walker A motif
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Interactions within the Triple Helical Bundle

CnH: connecting helix A: Walker A motif

CpH: coupling helix B: Walker B motif
E: E-helix Sig: Signature motif
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The TMD polar relay connects the triple helical
bundle to the TMD.

A

(Lee et al, Nature, 2016)



How do sterols move across the lipid-bilayer
membranes on the TMD?

Vestibules at the TMD-membrane interface

TMD

Vestibules | | | | Fo - Fc (3.0 o) NBD

Sterol binding/entry site?




How do sterols move across the lipid-bilayer
membranes on the TMD?
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 Function and structure of ABCG5/ABCGS8
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Summary

 New TM structural fold for ABC transporters
ABC2 superfamily: G5, G8, G2, A1, ...

» Triple helical bundle b/w NBD and TM helices

* Polar relay

« Sterol “binding” sites



Questions:

* Impact on medical conditions?



Localization of Missense Mutations and Polymorphisms

Polymorphisms Missense mutations
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Location of the residues with the disease-causing
missense mutations of sitosterolemia.

ER-escape missense mutations Non-ER-escape missense mutations
Graf et al, JBC, 2004
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Color: conserved (multiple sequence alignment (MSA) value = 7)
White: less/non-conserved (MSA < 7)



Disease-causing mutations cluster in the
conserved functional domains in G5G8.
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Questions:
* Impact on medical conditions?

« Energy-coupled conformational changes?



Molecular Dynamics Simulation
(Junmei Wang, Pittsburgh)
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ABC Sterol/lipid Transporters

(Nucleotide-free apo states)

ABCG5/G8 ABCA1



Questions:

Impact on medical conditions?

Energy-coupled conformational changes?

Extracellular domains/loops?

Sterol/lipid translocation pathway?



Cholesterol Binding/Translocation?

Vestibules Fo-Fc (3.0 o)



Homology Model of ABCG1

Substrate exit: Sterol-Sensing:
(Drosophila White) —~D (Ingrid Gelissen Lab)

G581 (TMH5)

* *

ABCGl 562 LQVATFVGPV-TAIPVLLFSGFFVS--//--LYLDFIVLGIFFISLRLIAYFVLRYKI 674
ABCG2 534 VSVATLLMTI-CFVFMMIFSGLLVN--//--LWKNHVALACMIVIFLTIAYLKLLFLK 652
ABCG4 531 LQVATFVGPV-TAIPVLLFSGFFVS--//--LYMDFLVLGIFFLALRLLAYLVLRYRV 642
ABCG5 527 PNIVNSVVALLSIAGVLVGSGFLRN--//--FTMNFLILYSFIPALVILGIVVFKIRD 646
ABCG8 556 FHMASFFSNA-LYNSFYLAGGFMIN--//--LYAIYLIVIGLSGGFMVLYYVSLRFIK 666
White 570 TSMALSVGPP-VIIPFLLFGGFFLN--//--LPLDYVGLAILIVSFRVLAYLALRLRA 683

TMH5 TMH6




Questions:

Impact on medical conditions?

Energy-coupled conformational changes?

Extracellular domains/loops?

Sterol/lipid translocation pathway?

Functional oligomeric states?

Previous works on A1, G2, Pdr5, ...



