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ADbstract

The formation of lipid microdomains (“lipid raftsi$ presumed to play an important role in varioutuita functions, but their nature remains contnea. Here we report on
microdomain formation in isolated, detergent-resist@membranes from MDA-MB-231 human breast cancds,cstudied by Atomic Force Microscopy (AFM). Wieass
microdomains were readily observed at room temperatinesy shrunk in size and mostly disappeared at higher eesqres. This shrinking in microdomain size wa:
accompanied by a gradual reduction of the height diffeesdsetween the microdomains and the surrounding mempcansistent with the behaviour expected for lipids #nat
laterally segregated in liquid ordered (Lo) and liguisaddered (Ld) domains. Immunolabeling experiments a®strated that the microdomains contained flotillireIgrotein

associated with lipid rafts. The microdomains reveysthssolved and reappeared, respectively, on geatiand cooling below temperatures around 37 Ychvis indicative
of radical changes in local membrane order clog#isiological temperature.

Sample preparation Appearance of microdomainsin plasma membranes for
. . _ human breast cancer cells

Cell line: Human breast cancer cell line MDA-MB-231 (ER-negatand
over-expressing EGFR), derived from human mammalgnacarcinoma
was obtained from Italian National Cancer Researstitute cell bank.
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Lipid raft isolation:Membrane fractions were isolated by ultracentrifioga
on 5-30% linear sucrose gradient in presence oo X-100; every fraction
was characterized for its content in lipids andrcs.
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AFM imaging: Purified membranes were diluted 1:30 Iin distilledtev. 50
uL of diluted samples were floated on a freshly céshwnica leaf, previously
activated with 10Q.L of adsorption buffer (150 mM KClI, 25 mM MgClI2, 10
mM Tris/HCI pH 7.5). After 10 min, the sample was tjgrrinsed with
recording buffer (150 mM KCI, 10 mM Hepes/Tris, ptb)/.Samples were

Imaged In recording buffer in tapping mode by a d&nope Multimode llid
AEM. The microdomains protruded 1-2 nm from the surroundirgrmirane, suggesting @a

locally enhanced order, and with larger roughness iniigaignificant protein content

(a) AFM topography of detergent-resistant membranesrdat in

buffer solution Iin tapping mode at 25°C. The micgpmort (dark
brown), membrane patches and membrane microdomapgaring
as elevated (brighter) plateaus with lateral sofel00-300 nm on top
of the membrane patches, are visualized. Vertaalks 9nm.

(b) Height profile corresponding to the white line draw (a)
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Reversible dissolution of microdomains at Temperature dependence of microdomain size and height
physiological temperature
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A e R - —@& oo pars y5% 4 The temperature dependence of height difference betwleemmicrodomains and the
The microdomains showed a marked temperature depemderereas the | surrounding membrane, was consistent with the behaxmeaed close to a critical phase
overall dimensions of the membrane patches appearecnget transition as described by the 2D Ising model AT)"

AFM immunolabelling of microdomains Conclusions

efore thermalcycle - After thermal cycie | | » Static microdomains (lateral sizes ~ 100-300 nm) pditg 1-2 nm from the

B T | (TR (a-b-d-e) AFM topography images of membrane samples |n o b d ith | d h . Fad fn e |

a " oOm buffer solution at room temperature, before (lefd after sur_roun INg membpbrane _gn Wi INncreasead roughness wesmalnred In detergent

| '9 (right) a thermal cycle (25°C-37°C-40°C-25°C). Rorimages resistant membranes purified from human breast caedis
| @ ;i{ % vertical scale: 9 nm. _ _ _ _ _ _
‘ " tesuime w  Untreated membrane patchés) were incubated with anti  Microdomains reversibly dissolved and reappearegpectively, on heating to and

g & ,**;.;_ flotillin-1 antibodies. After 60 min of treatmeib) the area of cooling below a critical temperature=T37+1°C
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- Copmuovoziide ., 3“ - -~ membrane patches, 9.3x2.3% (meantzSD; n=28), anhd .. .. : . N
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thermal cycle prior to the immunolabellind) Histogram of the  Immunolabelling demonstrated that the microdomaiostaned flotillin-1, a protein

* 2° surface area Increase for membrane patches, 92+2.5 | gggociated with lipid rafts. As the labelling wasialty successful before and after the

: Bl __ B (meantSD; n=15), and microdomains, 25.3+6.3% (m&anz* : . ] , ] :

el 1\=17). after 60 min antiboby incubation. thermal cycle, it follows that the protein took piarthe microdomain reformation process

 As the T, corresponds to physiological temperature, thesergons strongly suggest
that the membrane IS tuned to exploit the radibahges In its local ordering at a critical
transition (e.g. to mediate cell signaling, respogdo intra- or extracellular triggers)

The microdomain surface area increase Is significaatigdr than that of the
overall membrane patches. Importantly, this increas® the same irrespective
of whether the iImmunolabelling was performed before terad thermal cycle

References. K. Simons and E. Ikonen, Functional rafts in ceimbranesiNature387 (1997), 569-572; K. Simons and W.L. Vaz, Modeleyss, lipid rafts, and cell membrandsnu. Rev. Biophys. Biomol. Strug3.(2004), 269-295;
F. Orsini, A. Cremona, P. Arosio, P.A. Corsettol Ascialfari, A.M. Rizzo, Atomic force microscopyaging of lipid rafts of human breast cancer ¢&lischimica et Biophysica Acta-Biomembran&sl8 (2012), 2943-2949;
A. Cremona, F. Orsini, P.A. Corsetto, B.W. HoogammpA.M. Rizzo, Reversible Dissolution of Microdomsin Detergent-Resistant Membranes at PhysiolbdieaperaturelPlos One 10 (2015), e0132696.



