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MATERIALS AND METHODS

Image analysis

To estimate the level of spatial correlation betwelee fluorescence intensities of GFP-
tagged proteins and the fluorescent size seriegraleoptical (Z-) slices of each synapse
were analyzed in MATLAB (MathWorks, Natick, MA, USAAnN outline of a cell membrane
was expanded along the direction of the selecti@n fhembrane) normal, until the pixels
showing membrane intensities were within the setécegion (see Fig. SA in Supporting
Material). The intensities in each fluorescencende for the pixels in the direction of the
normal &Emembrane normal) were integrated to obtain thegmated intensity in each
channel as a function of position along membranemater. Since both cell types were
labeled with different membrane-associated labelalli experiments, we could estimate the
cell-cell contact, i.e. the limits of synapse, ®Btedmining where the different membrane
stains overlapped (see Fig. BlL Fluorescence intensities in different channelfatsynapse
were plotted against each other and Pearson ciorel@oefficients calculated. This
procedure was repeated for several slices throughagiven cell-cell conjugate and the
average correlation coefficient for a given synapas calculated.

Areas and relative concentrations of the fluorapban the central and peripheral zone of
the cell-cell contact were determined as followsstF points from the center line of the
membrane were picked manually from different zedithrough the cell-cell conjugate. Then
values were converted to the cylindrical coordinaystem, and the cubic interpolation
function of MATLAB was used to interpolate the naslifrom cell center to membrane center
for each angle across each z slice. For the inteatding the membrane, the fluorescence
intensity was integrated in the direction of locaémbrane normal across four pixels on
either side of the membrane center line. Both 3&mstructions of the data as well as 2D
projections were created (see Fig.§1Any projection of a spherical surface in 2D riegsl
compromises (as in maps of Earth, for instance)fatiitate intensity and area calculations,
we chose projections that maintain the area andehdéime total intensity of the surface
although this leads to distortion in the 2D prametof the shapes on the 3D surface. For the
analysis of intensities and areas, the outlinehefdell-cell contact was drawn into the 2D
projection based on the membrane stains overlagmhgeen the two cells, and regions that
had high HLA-Cw6-GFP intensity were marked (see BiD).



To estimate the surface density of receptors,ames cases 3D reconstructions were
created semi-automatically with the aid of the 3sion of a region scalable segmentation
algorithm (S2). First, as pre-processing for tH2 8Segmentation, image stacks were
smoothed by a smoothing algorithm (S3). After thés,local minimum in a 5x5x5
neighborhood of the resulting stack was smoothedshyssian kernel (kernel width = 15
pixels,c = 2.5 pixel$ and subtracted, setting negative values to zenenThe stack was
reduced in size by factor of 4 in xy directions dactor of 2 in z direction. A 3D version of
the hybrid model filtering (S4) was used for smanghthe rescaled stack. Finally, the
intensity was normalized in a 5x5x5 local neighloodh setting the value within each pixel
to be
Inew= (loo-Imin)/(0.2¢Suax +0.8%Imax -Imin)
where bp is the original intensity of the pixelyk is the minimum intensity of local
neighborhood, @x is the maximum of the intensity scale (255 fori8iinage), andyax is
the maximum intensity of local neighborhood. Thg,Sterm suppresses high values from
low intensity noise in empty regions in the statkis normalization causes some problems
in large regions of nearly equal intensity, butamdes visibility of edges (see Fig. S2 for the
effects of various steps in pre-processing).

The segmentation algorithm was then run on thisksta find the external and
internal borders of plasma membrane, and the ses@te corrected manually in MATLAB.
In most cases the segmentation results at thehatgm and at the top of the cell required
manual modification, i.e. joining the holes leftrgha resulting from the normalization
procedure, likewise the intracellular clusterslabfescence in the immediate vicinity of the
plasma membrane and the other cells in contactegetm be manually separated from the
plasma membrane (see Fig. S3 for a comparison wmaied and manually modified
results). After satisfactory segmentation, the wwuof the cell, plasma membrane, and
intracellular components were calculated based hen total volume of voxels in these
compartments. The total (as well as mean and mgditensities in different channels for
each compartment were calculated from the intesssaf voxels within each compartment. It
is important to note that the final, manual colmtbf the compartment borders as well as all
the calculations were done using the original, udiffed image data. The surface
triangularization of the isosurface of the imagergy matrix produced by the algorithm and
manual corrections was computed in MATLAB. The exé membrane area was calculated
based on the total area of triangles in the surfaaagularization. Based on the data from
this analysis and the surface expression levellgk-Bw6 from the flow cytometry analysis
the surface densities of HLA-Cw6-GFP within the ipleeral zone of the synapse were
calculated (see Table S1 in Supporting Material).
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Figure S1. The analysis process. (A) the selection of membrane is shown; the blue aflann
intensities were rescaled to enhance visibilitye Thtensities across the membrane in the
direction of selection normal are then integratad plotted against the distance along the
selection (arrow shows the beginning of selecti@) Left, the intensities plotted against the
distance along the selection. Colors correspormhé&in merged images (A). The intensity

of the stain in the membrane of the other cell €dine in(B) on the left) is then used to
define the limits of the synapse (magenta arrowsy] the correlations for the intensities
against the GFP intensity are then calculated fitweriine fits (B), right). For the analysis of
intensity distributions in the central and periieone of the synapse a 3D reconstruction of
the synapse was spread into two dimens{@)sand the outer perimeter of the synapse was
outlined based on the overlap with the stain indtieer cell (thin blue line igC), right) and
the central zone was chosen based on where GHesence was particularly intense in the
mature, i.e. late-stage, synapse (thin green tig€), right).
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Figure S2. Image preprocessing steps for the semi-automatkdoeemeter finding (see
section Image Analysisfor details). In(A) unmodified image is shown, i{B) image
smoothed by Garcia algorithm, (@) an image with local background subtraction(Dn the
image from the stack reduced in size by 4-fold Bnx y directions and 2-fold in z direction,
in (E) the 3D hybrid model-smoothed image, an@nthe image with local normalization.
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Figure S3. Example of an automatic border finding result amdaamually corrected result. In
(A) the result of the segmentation method operatingherpre-processed stack (see Fig. S2
F) is shown. This image shows all the common problepartly resulting from pre-
processing (though it avoids other problems): thk is connected to nearby cells, and the
bottom and top of the cell have many holes(Bhthe manually corrected result is shown.
This result can then be used to pick from the stadkmatically all the closed volumes and
the subvolumes within these volumes and analyze theensities. In(C) a view of the
resulting 3D representation of the cell surfacghiswn.
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Figure $4. Hydrodynamic size determination using dynamic ligbattering. Hydrodynam
diameters (HD) from triplicate measurements = 1. are shown for streptavidin, I-

streptavidin,

DHL/-PEG quantum dots (QDs),

DHI-PEG QDs conjugated wif

monovalent streptavidin, QD5-SA conjugate, QD6(-SA conjugate, and QD6-SA
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Figure S5. Assay for NK cell function in the presence of naatigcle Qdot655. The light
gray columns indicate killing by YTS cells and tdark gray columns the killing by
YTS/KIR2DL1 for the indicated three target cellsrmal 221, 221/Cw6-GFP, and 221/Cw6-
GFP labeled with 23.4 nm Qdot655. The error badicate standard deviation of three
samples. Note that the recognition of class | MCélenule (Cw6-GFP) by the inhibitory NK
cell receptor KIR2DL1 (dark gray) on YTS cells lsa decreased killing of the 221 cells,
both in unlabeled and labeled cells, whereas nafgignt decrease in killing is seen for YTS
cells not expressing KIR2DL1 (light gray).
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Figure S6. The synapse characteristics in the presencdfefait-sized fluorescent particles
on 221/Cw6-GFP cells. IfA) the base two logarithm of Cw6-GFP central/peripher
intensity ratio is shown. The central/peripheraénsity ratio of Cw6-GFP showed minor but
statistically significant differences (ANOVA p=0.B0for different fluorescent particles, with
post hoc tests revealing that the Cw6-GFP intensilyo for 23.4 nm particles was
significantly different from that for 18.6 nm panes (p<0.01) and those for 15.4 and 21.2



nm particles (p<0.05) while other differences wera statistically significant. These
differences may be either coincidental, or altewefit, the largest particles that are not
efficiently excluded from the synapse (i.e. 18.6 and 15.4 nm particles) may be the most
efficient in excluding Cw6-GFP from the synapse(Bijthe areas of the synapses are shown.
The synapse area was not significantly differenthwiifferent fluorescent particles
(ANOVA: p = 0.085). In(C) the fractions of the central area/total synapsa are shown.
The fraction of central area (ANOVA p=0.002) of #mal area had a small but statistically
significant difference when comparing 18.6 nm pées to 5.9 nm (p<0.05) or 23.4 nm (43.4
%, p<0.01) particles — other differences were tetigically significant.
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Figure S7. Synapse formed by 221/ICAM-1-GFP with YTS/KIR2DL#fk (A) a Z slice from

a stack is shown; the images from left to right #me brightfield and red/Qdot655,
green/ICAM-1-GFP, and blue/SA405 fluorescence ckbnaf the merged image. (B) the
contact-surface reconstruction is shown(@) the 2D plot of the contact-surface is shown;
the channels from left to right are in the samespas in(A).
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Figure S8. Intensity of the largest fluorescent particle sloet show negative correlation to
ICAM-1-GFP intensity. Intensity correlation coeféats in 221/Cw6-GFP-to-YTS/KIR2DL1
and 221/ICAM-1-GFP-to-YTS/KIR2DL1 cell-to-cell cadts are compared for Qdot655
(23.4 nm) (the two sets at the left) and SA (5.9 (tmo sets at right).
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Figure $9. The central/peripheral fluorescent particle intgnsatios cannot be fitted by a
lateral crowding-based model alone. The data has baed by varying different parameters
in Eq. 1 (see text and Appendix S1). The openeadrecepresent the combined data used in
fitting. The dotted line represents best fit, witlea surface number density of Cw6-GFP was
varied (cws = 38501m? for the best fit, i.e. more than twice the actestimate). The dashed
line represents best fit for varying the diamete€w6-GFP (dws = 12.1 nm for the best fit).
The continuous line represent best fit for varyimgth I'cwe and @wes (subject to the
constraints gys>3 NM, Mcwe>0, resulting in gws = 3 N andlcws = 490f1m?). The red
continuous line indicates fit where Cw6-GFP cenperipheral ratio Ry andlMcws Were
varied (resulting in Bw=1.0001 andlcws=31600m?). Using all three parameters as
adjustable ones makes the fitting very sensitiviait@l values, but does not improve quality
of the fits. Hence, even non-physical values ofggheameters do not allow for a reasonable
fit to data, using an equation based solely ordat@owding, whereas the lateral crowding-
based equation provides excellent agreement withy dathout a single adjustable parameter
up to the point where membrane bending-dependecdiuggn is expected to become
apparent (Fig. &).
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Figure S10. The evaluation of membrane bending free energy &mgle model. For the
calculation of order of magnitude estimates we m®red an axisymmetric system, where
the HLA-Cw6-GFP/KIR2DL1 complexes (green vertidakk in(A)) force the membrane to
flatness at radius r = a. The fluorescent partitle= 0 (red outline ifA)) induces curvature
to the membrane at € a if its radius R > 7.5 nm, i.e. more than hal¢ ttnembrane
separation. When mirror symmetry in the verticatediion is assumed, the problem
simplifies to solving the curvature in the lowermigane in(A). The blue lines ifA) show
the minimum free energy membrane profile for a=58 and R=11.7 nm. In(B) the
minimum free energy profiles for a=50 nm and flisment particle diameters 15.4 nm (cyan
line), 18.6 nm (red line), 21.2 nm (green line)d &3.4 nm (blue line).
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Appendix S1: Derivation of Eq. 1

The scaled particle adsorption theory derives i@ adsorption of particle A onto surface
with arbitrary occupancy of particle B the adsarptievel of particle A is (for concentrations
of A far from saturating) (Eq. 13 in ref. (S1)):

D,
(Eq. S1)

where® refers to fractional coverage of surface by thetigla, the subscript defining particle
type, while the superscript 0 refers to coveragd@absence of the other partidlié.— @)
describes the available area, not accounting fokipg defects, e.g. circular disks (of particle
B) could never decreagd — ®5) to zero as it is impossible to cover an area withles
completely, since there will always be area noteced at the contact of three closely packed
circles. The entropy and packing contributfdis defined as (S1):

A= exp {—fRCDB [Zefcﬁ + fafr (1 —(e— 1)‘133)]}

(1 — Pp)?
(Eqg. S2)
wheree is the shape factor for particle B (for a cirele= 1), fz is the ratio of characteristic
dimensions (such as radii) of particles A andfBis the calculated as a ratio of two ratios,
namely the circumference/characteristic dimensetios (=24t for a circle) for particles A
and B (for two circular diskg, = 1), and similarlyf, is calculated as a ratio of two ratios,
namely the particle area/(particle characterisiimeshsion (=t for a circular disks) for
particles A and B (for two circular disk§ = 1). Here we approximate both the fluorescent
particles and the receptor—ligand complexes asilaradisks with given radii. Hence we
obtain:

1 1

A= exp {_fRCDB [2 1=, t/r ((1 — %)2)]}
(Eqg. S3)
Given that the level of adsorption in the abserfd® i3 only dependent on the reference state
in solution, for adsorption of A onto surface ofotwdifferent levels of B or likewise for
distribution of particles A between two such donsadm a surface we have from Eq. S1.:

Dy _ Dyz
(1=®p)A; (1= Ppr)A;
(Eq. S4)
Let us define p = &5,/P5; and &z = 4, leading to the ratio of fractional surface
coverage in domains 2 and 1 by particle A:

0 _ P00 {fr0®s 27— + o ()

Dypy (1 —dp)exp {_fRCDB [Zﬁ + (ﬁ)]}
(Eq. S5)

For our purposes the ratio in Eq. S5 representthdicted ratio of fluorescent particle
surface concentration between regions 2 (centra¢ zd the synapse) and 1 (peripheral zone
of the synapse) witlp representing the same ratio for Cw6-GFP, p.e= R.,,¢ (Obtained
from the fluorescence intensity levels), abg the fractional surface coverage by Cw6-GFP
in the peripheral zone of the synapse. Since thesraf radii and diameters are equal we
replacef; with f, and obtain Eq. 1. Note that here we assume tkatdhtribution of other
proteins to differences in crowding in the cenaatl peripheral zones of the synapse is so
small that it can be ignored.

R =

13



Appendix S2: Derivation of the curvature free energy for a sygtm double bump in a
tension-free homogeneous bilayer

As discussed in the main text, the membrane cumahediated interactions are very
complex and difficult to treat analytically. Henage merely wanted to estimate if the order
of magnitude is correct by calculating the curvatinee energy of a single double bump
caused by a fluorescent particle in between the ltikayers. Even here, we will have to
arbitrarily impose a condition defining the memlwasutside the actual bump rather than
evaluating the effect of receptor—ligand distribatoutside the bump on the actual membrane
curvature. We hence assume that the system ismaxisyric and that at the distanadrom

the center of the bump the membrane again becdatest fthe reference level (gradient=0),
as imposed by the surrounding HLA-Cw6-to-KIR2DL Irqalexes.

Because of the symmetry (see Fig. S10), we conseitke bilayer in a Monge gauge that is
valid as long as there are no overhangs. In a Mgagee the level h describes the height of
the bilayer locally below or above the referenanpland, as far the gradients are small, the
free energy of the membrane in the absence of ditrees and for zero spontaneous
curvature is approximately

H~ %f dxdy[k(V2h)? + o(Vh)?], Eq. S6

wherek is the membrane bending modulus anid the membrane tension. For the minimum
energy solutions of this equation the first vadatdisappears and they satisfy the differential
equation (S5)

VZ(V2—-21"h=0 Eq. S7

whereA is the ratiod := \E and for a tension-free membrame= 0), the minimum energy

solution may be found as a solution of the bihanmequation
V*h = 0. Eq. S8

A very similar problem to ours has been treatedthers (S5) who studied indentation
caused by an AFM tip on a nanodrum pore. The swiatmay be found as solutions of Eq.
S7 if tension is to be included. When limited toaxisymmetric case, the general solution is
(see ref. Sh):

R(r) = hy + by In (2) + halo (£) + Rako (5) Eq. S9
where values for;fare constants, angldnd Ky are modified Bessel functions of the first and
second kind. Similarly, for the tension-free cadee taxisymmetric solution is the
axisymmetric solution of the biharmonic equation.(E8) (S6)

h(r) = by + by In(r) + b3r? + byr?In(r) Eq. S10

In our case, the region limited by the surroundieceptor—ligand complexes corresponds to
radius of the nanodrum pore in ref. S5. The men#muast be continuous at the edges of the
region as well as at the fluorescent particle/memércontact. Hence from ref. S5 we obtain
the boundary conditions

h(@) =0 Eq. S11
h'(@ =0 Eq. S12
whereh’ = dh/dr, anda is the radius of the region limited by receptors.

We assume the fluorescent particle to be sphegivadlto have its center symmetrically with
respect to the two membranes. When the membraneantact with fluorescent particle, the
height

h(r) = —hy + Ryp — Rap — 72,

where Ry is the depth of indentation caused by the nanmparat r = 0 and hence at the
contact point of the membrane and the fluorescent particle

14



h(C) = _h’O + RNP - '\/RI%]P - C2 Eq Sl3
while the continuity of the membrane requires thatgradients (in an axisymmetric case the
radial derivatives) are equal.

h'(c) = —
/RIZ\,P—C2
Hence, the solution can be found as the solutidBgfS9 (if tension is included) or Eq. S10
(for the tension free case) that satisfies the dagpn conditions in Eq. S11-S14. In our
treatment we omit the membrane—fluorescent pariidheesion free energy. After the solution
is found, the contact poirtis varied so as to give the minimum free enerdutEm. For
ease of calculation we scale all the lengths instrstem with the length; i.e. seta=1 and
present ki Ryp, andr in proportion tca.

For the tension free case (Eg. S10), the boundarglitons then take the form

h(1) =b;+b3;=0

h'(1) =b, +2b;+ b, =0

h(c) = by + by In(c) + b3c? + byc?In(c) = —hy + Ryp — |[REp — 2

1
h'(c) = b, Z + bsc[2In(c) + 1] + 2b,c =

Eqg. S14

2 _ 2
np — €

Eq. S14

The approximations made in our system will intragl@chigh level of uncertainty into our
calculations, and we will in any case at best obtader-of-magnitude estimates. In addition,
the membrane tensioa in biological membranes is typically very low, aheénce we
consider only the tension-free estimate. From thendary conditions Eq. S14 we get the
values for the constants fot0:

b, = —P-(c?*Inc)

b, =—Q +P(c*—1-2c%Inc)

b; =P (c?Inc)

b,=0Q —P(c®*—1-2Inc)

Eq. S15
where
—ho + Ryp — Rip — €2
- (c?—=1Inc
and
2
P= ! < —QQ2c?Inc+c?-1)

4c?(Inc)? —c* +2¢2 = 1[ Rz — 2
Alternatively, ifc=0,

bl = _ho
bz =0

b3 = hO

b4 = _Zho .

Assuming constant bending modulkisas well as zero spontaneous curvature, because two
symmetric bilayers are involved and the systemxslly symmetric the curvature free
energy is:
2
H =~k [ dr [ rd9(V*h)? = 27k [foc drr(RL) + fcl dr r(4b; + 4b, + 4b,In r)z] =
NP

2
bm[&i)+4Q%+2mm+b@ﬂ—cﬁ—8@%m+b@@hw—8%¥mwy]

NP

Eq. S16
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By inserting the values of constamtsandb, (Eq. S15) in Eq. S16 one can find the value of
that gives the minimum free energy. Due to compglegendence df; andb, on ¢, the task
of finding the zero of the derivative does not appeny simpler than finding that gives the
minimum inH in a straightforward numerical calculation. Aftee value oft that gives the
minimum free energy is known, the profiles can dlsocalculated. For the special case c=0
the free energy of the bump is simply given in t®mh non-normalized original values (i.e.
ho=(2R\p-d)/2 anda, too, has its original value rather thal) as
H=16mk(ho/a)® Eq. S17
that is a very good approximation i§/& ratio is not very large (largest deviation frouor
numerical results was 0.7%;). Let us consider ttieg height difference would be
accommodated by one bilayer alone, i.@irhEq. S17 would be twice as large, but since
there is only one bilayer, the final value mustdaaded by two. In other words, with this
simple approximation, the free energy for accomrntiodaa protein with a larger
extracellular domain than preferred intermembrarecisg is twice as large when only one
of the membranes can bend. Hence solid-supporpéd Hiilayer-based artificial immune
synapses should be much more sensitive to heiffierehices; assuming = 50 nm, height
difference of 6 nm (&3 nm in Eq. S17) and=0.3x10" J, the expected central/peripheral
ratios based on this simple approximation would®t#8 in the “cell-cell” and 0.08 in the
“SLB—cell” systems. Note that these values showltlbe considered as predictions, as they
do not take in to account the real complexity @& #ituation, but they demonstrate the effect
that using SLBs is expected to have.

Very different values ok for different membranes have been reported, aad/dtue ok
is sensitive to the cholesterol content of the mamé, reaching values up to 354 for
fluid membranes containing tens of mol% cholestésal). In the absence of cholesterol, the
values ofk reported for fluid membranes are mostly in théae®.1-1 x103° J (S7). At our
experimental temperature of ~310 KTk4.28 x10?* J. We calculated the membrane
curvature free energies for three different valoes, 0.1x10* J, 0.3x10° J, and 1.0x1¢’
J, as well as for five different radii of the regid0, 100, 150, 200, and 250 nm. The lower
limit for the radius of the region was set as 50, masit seems unlikely that a region much
smaller than this would be realistic, for the cédoed mean distance between HLA-Cw6-
GFP molecules in the central region of synapsepmax. 45 nm. The upper limit of the
radius was set at 250 nm, as regions devoid of KWwW6-GFP larger than 500 nm in
diameter should be visible given the resolutiothef microscope. To make the comparison to
the data more clear, we present the data as tlexdfluorescent particle central/peripheral
ratio based on partitioning depending solely on imeme curvature free energy according to
the Boltzmann distribution. The values show thatipalarly in the mid-range of estimates
the membrane bending elasticity-driven expulsion tloé fluorescent particles agrees
reasonably well with the experimental results. Nbt (in addition to the real complexity of
protein—particle, particle—particle, and proteiretpin interactions) we have neglected
several factors that may affect the free energyt obsinserting the fluorescent particle
between the membranes. First, the clustering airdéiscent particles is expected to decrease
the bending free energy cost/particle. This clustewill be driven by the resulting decrease
in bending free energy. Second, it is possible that membrane may adhere onto the
fluorescent particle surface. This is expected ¢orelase the free energy cost. Third, we
neglected the small membrane tension observedlimeenbranes. This tension will increase
the free energy cost of creating a bump. Fourth,diwlenot consider the locally varying
spontaneous bilayer curvature that could decreasei@ase the free energy cost of creating
the bump. Fifth, the lateral dimension of the ctuva defect (&” in our simple model) is
expected to different for each particle size, depanon protein distribution-related entropy
considerations and packing in the central zonehefdynapse. In addition, of course, the
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actual values of membrane tension, bending modwnd, spontaneous curvature in the
immune synapse are unknown. Combined with realsiticulations and super-resolution

imaging (S8) (to observe clusteringur method could allow for the deduction of thesey
values.
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Table S1. The characteristics of cells (N=12) analyzeddoantification of the HLA-Cw6-
GFP numbers in the synapse.

Property Value
mean volume 3420+370um®
mean area 1930+320 prh

mean of area/(area of sphere 0f1.68+0.15
equal volume)

mean total GFP intensity 2.0+0.3 x10 a.u.
mean fraction of GFP in 0.69+0.03
membrane

mean fraction of NP in 0.83+0.01
membrane

mean GFP surface number 134420 moleculegm?
density in membrarte

mean GFP surface number 212+32 moleculegm?
density in the peripheral zone of
synapse

Calculated from the flow cytometry analysis of meamber of GFP molecules/cell surface
= 250 000 and the total cell and membrane GFP sittes.

Table S2. Predicted fluorescent particle central/periphesdlo based on the membrane

curvature free energy of a bump, witke 0.1x10 J

particle diameter

region radius 15.4 nm 18.6 nm 21.2 nm 23.4 nm
50 nm 0.998 0.859 0.637 0.439
100 nm 1.000 0.963 0.893 0.813
150 nm 1.000 0.983 0.951 0.912
200 nm 1.000 0.991 0.972 0.950
250 nm 1.000 0.994 0.982 0.967
experimental 0.876 0.828 0.693 0.586

(0.833-0.921) | (0.814-0.842) | (0.658-0.729) | (0.568-0.605)
experimental 0.987 0.971 0.842 0.736
scaled particle (0.939-1.039) | (0.954-0.987)| (0.800-0.886) | (0.713-0.760)
prediction
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Table S3. Predicted fluorescent particle central/periphagetlo based on the membrane

curvature free energy of a bump, withr 0.3x10"° J

particle diameter

region radius 15.4 nm 18.6 nm 21.2 nm 23.4 nm
50 nm 0.994 0.633 0.258 0.085
100 nm 0.999 0.892 0.713 0.537
150 nm 0.999 0.951 0.860 0.759
200 nm 1.000 0.972 0.919 0.856
250 nm 1.000 0.982 0.947 0.905
experimental 0.876 0.828 0.693 0.586
(0.833-0.921) | (0.814-0.842) | (0.658-0.729) | (0.568-0.605)
experimental 0.987 0.971 0.842 0.736

scaled particle

prediction

(0.939-1.039)

(0.954-0.987)

(0.800-0.886)

(0.713-0.760)

Table $4. Predicted fluorescent particle central/peripheedlo based on the membrane

curvature free energy of a bump, withe 1.0x10° J

particle diameter

region radius 15.4 nm 18.6 nm 21.2 nm 23.4 nm
50 nni 0.981 0.218 0.011 0.000
100 nm 0.995 0.684 0.323 0.126
150 nm 0.998 0.844 0.606 0.398
200 nm 0.999 0.909 0.754 0.596
250 nm 0.999 0.941 0.835 0.718
experimental 0.876 0.828 0.693 0.586
(0.833-0.921) | (0.814-0.842) | (0.658-0.729) | (0.568-0.605)
experimental 0.987 0.971 0.842 0.736

scaled particlg

prediction

(0.939-1.039)

(0.954-0.987)

(0.800-0.886)

(0.713-0.760)
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