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3. Experiments of sterol transfer between liposomes

7. Pl(4,5)P2 and PI(3,5)P2 show distinct binding mode prefernces,
suggesting a mechanism of PIP2-subtype specific recognition

5. Allosteric network that connects the structural motifs
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motif movements that open the gate

8. On different membrane systems, CHL-bound StarD4 favors dis-

CHL site tinct metastable states in the tICA conformational space
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sulting in different kinetics of sterol transport as evaluated by
the free energy barrier along the CHL release pathways.

These findings suggest a detailed model of the molecular : : gt:;ﬁjgzed chL CHL-Ser|\
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2. Background: Cholesterol and PIP distribution

In mamalian cells

Plasma Membrane LDL Receptor
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C-term Helix tilting éngle

C-term Helix tilting é;ngle
C-term Helix tilting .';ngle

: \ j J A tICA spacéﬁis built to depict the conformational space of membrane-embedded StarD4
= S — (mid), with Collective Variables capturing the dynamics of aforementioned interactions as
tICA parameters (upper right). On the tICA space, 10 macrostates are clustered based on
Kinetics similarities. Representative conformations are shown for some macrostates.
The coverages on the conformational space are distinct between membrane systems:

On membrane with PI(4,5)P2

The StarD4 orientation distribution calculated from the last 2/3 segment of
the 4 uys simulation trajectories of membrane-embedded StarD4 is displayed
In a spherical coordinate system.

O b ith PI(3,5)P O b ith PS
The squares in the density map highlight the orientations of StarD4 where nmemorane W (3,3)P2 n membrane wi

gate-opening and cholesterol-exposure were observed (6=55°, ¢=25°) (as
shown in the example below).

0 Membrane Contact Site

- Vesicular Sterol Transport Cold Spring Harb Perspect Biol. 2011;
- 3:a004796 Essays Biochem. 2015; 57,

43-55: doi: 10.1042/BSE0570043

In the preferred orientation of chol-bound StarD4 in PI(3,5)P2 membranes
the C-term Helix leans down more (larger tilting angles) compared to the ori-
entation in PI(4,5)P= membranes. The anchoring of StarD4 in PS mem-
branes is weaker, as indicated by the wider sampling of orientations, and

less lipid is bound overall.
Polar angle 6: Azimuthal Angle ¢: Conclusion

H4 tilting angle Protein orientation around H4
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Free energy barrier of CHL r_elase along the Steered MD pathway hat started from this state:
2 Kcal/mol K i 4 Kcal/mol : - 3 Kcal/mol

=== Non-vesicular Sterol Trans

Significant differences in cholesterol distribution are maintained
among cellular organelles. Membrane cholesterol levels iIn
mamalian cells are displayed adove as a heat map, with mem-
branes enriched in cholesterol labelled red and membranes
lacking in cholesterol labelled blue. In plasma membrane (PM),
cholesterol constitutes 30~40 mol% of total PM lipid, whereas in
the endoplasmic reticulum (ER) where cholesterol is synthe-

Together, our findings of (1)-an allosteric network in StarD4 that coordinates the
dynamics of the CHL at the binding site with peripheral motifs 31,H4 as fransmit-
ters, of (2)-a differential mode of P1(4,5)P2 and PI(3,5)P2 binding to the basic resi-

*B9.
In 403us simulation of CHL-StarD4 complex in water, the Rare
Event Detection (RED) algorithms revealed a major event in

sized, it amounts to 5 mol% of the lipid molecules. StarD4 that opens the gates between H4-Q1 and between B8-8 \ dues around the fransmitter motifs, and of (3)-different cholesterol-exposure con-
: e : L . i ) formation observed on PI(4,5)P2- and PI(3,5)P2-containing membrane with dis-
The predominant localization of particular PIP species In sub- | 9. This event is consistently concurrent with the translocation of ot tinct e:1ergy barriers sugéest)thzat the St(arDzl-rznembraneginteraction mode is a
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ceIIuI_ar compartme.nts IS labeled in the hexagonsl. PIPs cgncen- CHL. Remarkably, the RED algorithms is based only on the pro- a— ..?,fi";"\ :
trate in the cytosolic leaflet of membranes, serving as discrete | tgin conformation, without taking the information of CHL as the WIS
determinants of membrane identity. The activity of several sterol input, which suggests a mechanism of coupled dynamics in the
transport p.rc.)teins have been shown to modulated by mem- | cH| -StarD4 complex between the structural rearrangements of
brane specific PIPs. the protein frame, and the transition of CHL in the binding pocket.

factor in the PIP2-mediated regulator mechanism of StarD4 kinetics.
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