
uOttawa.ca

Structural Role of ABC Sterol Transporters

Jyh-Yeuan (Eric) Lee / Department of Biochemistry, Microbiology and Immunology

Innsbruck, Austria / March 7th, 2018

uOttawa.ca

Faculté de médecine |  Faculty of Medicine



Cholesterol: a Risk Factor of 
Cardiovascular Diseases
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ü Function and structure of ABCG5/ABCG8

• What’s known & what’s not known

• Summary, questions, & future directions
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Expression of Human ABCG5/ABCG8
Host: Pichia pastoris Yeast 

(Shutter et al, Nature Biotechnology, 2009) 

Left: Saccharomyces (1.0 OD600nm units/mL)
Right: Pichia (400 OD600nm units/mL)

(methanol)

(Cereghino & Cregg, FEMS Microbiol, 2000) 

(Ina Urbatsch, Texas Tech HSC) 
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Bicelle Crystallization (Lipid Bilayers)
G5G8 bicelle preparation

Bilayer
(DMPC + 

cholesterol)

Micelle
(CHAPSO)

(DHPC)
Bicelle

G5G8

G5G8
(MNG)

Crystal growth & X-ray diffraction

100 µm • Long exposure
2-5 sec @ APS
30 sec @ ALS

• Radiation damage
3-5 frames (< 5°)

• Signal (I/s = 1-
1.5 at 3.9-4Å)

3.9 Å

3.6 Å



(Hollenstein et al, Curr Opin Struct Biol, 2007)
(Rees et al, Nature Rev Mol Cell Biol, 2009)

(Lee et al, Nature, 2016)

TMDTMD

The G5G8 reveals new TMD structural fold for the 
ABC transporter superfamily.



• Function and structure of ABCG5/ABCG8

ü What’s known & what’s not known

• Summary, questions, & future directions



ABCG5 and ABCG8 share high structural similarity.

RMSD (Ca) ~ 2Å
(~28% sequence identity)

TMD: transmembrane domain
NBD: nucleotide-binding domain

ECD: extracellular domain
CnH: connecting helix
CpH: coupling helix

Domain features Structural similarity:

(Lee et al, Nature, 2016)



How does the catalytic NBD communicate 
with sterol transporting TMD?
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How does the catalytic NBD communicate 
with sterol transporting TMD?

CnH: connecting helix
CpH: coupling helix
★: conserved polar residues

CpH/CnH/E-helix
triple helical bundle

G8

G5

Walker B

Walker A

Signature

CpH

CnH

E-helix
Q-loop

TMD

NBD



CnH: connecting helix
CpH: coupling helix
E: E-helix

A: Walker A motif
B: Walker B motif
Sig: Signature motif
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Interactions within the Triple Helical Bundle 



CnH: connecting helix
CpH: coupling helix
E: E-helix

A: Walker A motif
B: Walker B motif
Sig: Signature motif
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(Lee et al, Nature, 2016)

The TMD polar relay connects the triple helical 
bundle to the TMD.



Fo - Fc (3.0 s)Vestibules

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

TMD

NBD

Vestibules at the TMD-membrane interface

Sterol binding/entry site?
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How do sterols move across the lipid-bilayer 
membranes on the TMD?

TMD

NBD

(Lee et al, Nature, 2016)

G5G8

LETTER RESEARCH

Extended Data Figure 5 | Vestibules in the membrane spanning 
region. a, b, Left: cartoon of G5G8 TMDs in transparent surface (orange 
and blue). Vestibules on opposing faces of the TMDs are highlighted in 
boxes. Middle: Fo − Fc difference electron density map contoured at 3.0σ 
showing extended features at the vestibules. TMHs are numbered. Right: 
highly conserved residues in G5 and G8 (sequence conservation ≥ 7, 
see Methods) are shown as orange (G5) and blue (G8) cartoon/sticks. 
c, Left: in vivo functional reconstitution assay using G5G8 KO mice 
(G5G8−/− mice)19. Biliary cholesterol levels from mice infected with RR 

(empty adenovirus), or with adenoviruses expressing human (h)G5:WT 
and hG8:WT, or with adenoviruses expressing hG5:A540F and hG8:WT 
are shown. Pictures of the bile are below the graph. Each experiment 
represents the mean ± s.d. from three infected mice (n = 3) in each group. 
Right: expression of hG5 and hG8 detected by immunoblotting using 
anti-hG5 monoclonal antibodies (see Methods). Connexin was used as 
the gel-loading control. As a positive control for the mouse and a negative 
control for the human anti-G5 antibody, we also immunoblotted liver 
membranes from G5G8+/− mice.

© 2016 Macmillan Publishers Limited. All rights reserved



• Function and structure of ABCG5/ABCG8

• What’s known & what’s not known

ü Summary, questions, & future directions



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

G5 G5G8 G8
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R419P/H

R543S
R389H

N437K

R184H
P231T

R263Q

L501P

G574E/R

L596R

L195Q

L572P

G269R

R550S

L405H

C600Y

M622V

I523V

Q604E

E340Q

T400K

L36P

G575R

R50Y D19H C54Y



ER-escape missense mutations
Graf et al, JBC, 2004

Non-ER-escape missense mutations

E146Q

R419H/P

R543S

G574R

R389H

N437K
R184H

P231T
R263Q

L501P

G574E

L596R

G5 G5G8 G8

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

: conserved (multiple sequence alignment (MSA) value ≥ 7)
: less/non-conserved (MSA < 7) 



E146Q

R419H/P

R543S

G574R

R389H

N437K
R184H

P231T
R263Q

L501P

G574E

L596R

G5 G5G8 G8

Polar relay
Polar relayE-helix

Sterol exit?

Sterol binding?

Disease-causing mutations cluster in the 
conserved functional domains in G5G8.



Questions:

• Impact on medical conditions?

• Energy-coupled conformational changes?



Inward movement
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Molecular Dynamics Simulation
(Junmei Wang, Pittsburgh)



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?



Fo - Fc (3.0 s)Vestibules

Cholesterol Binding/Translocation?



N
N

Y649

Y667
Y672

TMH6

G581 (TMH5)

ABCG1 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

Homology Model of ABCG1
Substrate exit:
(Drosophila White)

Sterol-Sensing:
(Ingrid Gelissen Lab)



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, …


