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Figure S5d), revealing that this data analysis scheme 1s haghly sensitive to receptor anker-
action, The l-'[E] value of the correlated Qdot585-EGF-EGFRs is considerably lower
in Ad3] cells, attributable 1o highly effective receptor-lipid and receplor-receplor interac-
tions in Ad31 cells Tirkcan et al. (2013). To inspect the nature of interactions and the
relevance to receplor-induced hpid ordening, we agam took advantages of the drug effects
with nystatin and M FCD. Figure 6b and ¢ display the M5SD histograms of the cormelued
Qdot585-EGF-EGFRs. Pretreatment of Hela cells with M ACD shifis the MSD profile of
liganded EGFRs to the side of higher diffusion constant. M 3CD treatment also broadens
the MSD profile of liganded EGFR= in A431 cells. The 'I.'[F!l ﬁ'_,: plots for the three
cell lines pretreated with nystatin are presented in Figure 6(e). Correlated Qdot385-EGEF-
ECGFRs appear to experience a weaker interaction in the nystatin-treated A431 cells, as
evidenced by an increased VR, value. This observation may be expluncd with bess
stable lipad domain due to lower amount of cholesterol, resulting in langer vanance of il
fusing step stze of the correlated recepiors. By contrast, the effective interaction becomes
stronger in nystatin-treated MOCF- 12A cells, suggesting the effect of cholesterol-mediated
inleraction 15 opposiie 0 that of receplor-lipad interaction. The l-'[H_,I'T] of comelated
QASES-EGF-EGFR in A431 increases by two orders of magnitude from 1077 of na-
tive cells 1o | of M 3CD weated cells. Noteworthy, the VIR, ) value can be increased
to hagher than 10 in M SCD treated Hela and MCF-12A cells, revealing that a deter-

manistic dimerzation interaction will dominate after membrane cholesterol 1s depleted.
These observation results exhibit the vital role of membrane cholesterol i mediating the

inleraction between lizanded receptors in the three cell lines under study.

4 Discussion

A receptor protein can induce order in the surmounding hipsds through the receptor-lipsd in-
teraction Gimez-Llobregat el al. (2013). The degree of induced lipsd order 15 determined
by the effects of receptor-lipsd interaction and the amount of cholesterol in the plasma
membrane. Recemt molecular dynamics (MD) simulations of hueman receplor tyrosine
kinases 1 vanous Lipid balayvers revealed that the predominant davers of the receplor
indduced lipid ordering domains may originate from electrostatic interactions between the
amonic lipads and clustening basic residues in the juxtamembrane staring regron of recep-
tors “Hedger et al. (20015), Lipid domiins had been predicied 1o exist in multicomponent
membranes and experimentally observed on antificial membranes. For example, thermal
Huctuations on a mulicomponent membrane can produce inhomogeneitics of lipid phases
because the order parameters of lipid systems depend not only on the lipid composition
but also on the compositonal dilference of two lipid leaves Shlomovitz et al. (2014}, Cou-
pling between inner and outer leaves of an asymmetrc lipsd halayer could also produce
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2.2 Singl aptical

The output from a blue (473 am) solid-sute laser was used 10 excite quantom dots in

live cells. The fluorescent signals were collected with a high numerical aperure (NA)

wil immersion objective lens mounted o an inveried optical microscope (IX-71, Olym-

pus Optical Co., Tokyo, Japan) and filicred using a 473-nm Raman notch filler. We then
fing:ch

signals

with an el i rge-coup! ice (EM-

CCD, Cascade 11512, Photometrics Inc., Huntinglon Beach, CA, USA).

2.3 Data analysis

Single-molecule optical trajectonies of proteins under study were recorded for as long as
100 & with a frame period of 7=25 ms. Posiion coordinates of singhe-molecule proleins

were exracted from a set of images. A typical EMCCD image of EGFRs in a living
cell is presented in Figure 2. The nearest positions in conseculive frames were connecled
10 form a single-molecule trajectory by using multiple-target tracing algorithn “Sergé
12008), Events of confined dilfusion were extracted from a single-molecule irajectory by

using the confinement quantifical

o procedure “Meilhac el al. (2006). The mean syuared

displacements (MSD) R, (1) = [P+ 7] — AU+ [P} = 7F — 7017 /2 were calcu-
decule asecior

lated From sing!

approximately 40 nm, implying an accuracy of 0.002 jum® for
R

The ion accuracy of our apparatus was

R.7 derermination. We

"
istic V(R.7) and R, of the lipid domain i imposed on the trajectories, resulting in the
formation of a peak al the comesponding position on the plot.

The muthematical foundation of the method had been detsiled in Glmez- Liobregal

et al (2013). Here we summariz

e some key findings to facilitate further discussion. For

molecules under free diffusion, V(75,%) bas a constant value of 2, As a receptor pro-
tein diffuses under a strong confinement of actin corral, V() canbe u large positive
value Turkean et al. (2013). By contrast. V(R of a receplor is reduced 1o below 2
when it is confined in a lipid domain. This can be understood as follows: Actin filaments
et as soft potential barviers for the diffusing protein Lin et al. (2015) Gomez-Llobregat
et al (2013) Auth & Gov (2009). As membrane proteins difluse near an actin filament,
ihe soft potential barsier may stall the diffusing proteins for a brief moment, which causes
& large varince in the diffusion step size. F the faster the protein diffuses, the
Targer the variance is. A the Timit of Fast diffusion, V{/.7) can reach a suturated level,

T chween m o e el
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