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Materials and Methods

Cloning. Proteins tagged with the photoactivatable fluorescent proteins (PAFPS)
Dronpa (MBL International Corporation), PAmCherry and PAGFP were generated in EGFP-
N1 or EGFP-C1 vectors (Clontech). PAFPs genes were cut from a vector through digestion
with restriction enzymes (typically Agel and Notl, Xbal or BsrGl). PAFP genes then served
to replace existing fluorescent proteins (FP) in previously used constructs 12 using similar
digestion reactions and ligation of the PAFP insert (using Thermo Scientific Ligase T4).
Validation of cloning was done by DNA sequencing of the inserts. Specifically, newly
generated constructs for this study included: gp41(JRFL)AED*-PAmCherry,
gp41(JRFL)AED*-PAGFP,  gp41(JRFL)AED*-mCRAC-Dronpa,  gp41(JRFL)AED*-
MCRAC-PAmMCherry, gp41(HXB2)AED*-PAmMCherry, gp41(HXB2)-PAmCherry,
gp41(HXB2)-mTMD-PAmCherry, and GPI-PAmCherry. The previously developed

construct TCRZ-Dronpa was already available for this work from previous studies 2.

Jurkat T cell cultures and transfections

E6.1 Jurkat T cells * were grown in Complete medium: PRMI (Roswell Park Memorial
Institute medium), 10% Fetal Bovine Serum, 1% Pen/Strep. The cells were grown at 37 °C
in a humidified CO> incubator. A stable cell line expressing TCR{-Dronpa was maintained
with Geneticin at 1.5mg/ml (G418, Invitrogen) and was available for this study from previous
published studies *°. E6.1 cells or the TCR( stable cells were transfected by a Neon
electroporation system (Invitrogen) for the transient transfection of fluorescent proteins. For
transfection, desired pulse conditions were set on the device based on our cell type and an
optimization of the parameters. The chosen transfection parameters for this study were:
Voltage — 1325 V, Pulse width — 15 msec and the number of pulses was 3. After transfection,
cells were seeded into prepared 96-well plates with 0.1 ml of culture medium without
antibiotics. After 24-48 hours of incubation at 37 °C cells were ready for imaging. Transiently
transfected cells were maintained in transfection medium, monitored for positive expression
of PAmCherry, Dronpa or PAGFP chimeras and imaged within 48-72 hours from

transfection.



Sample preparation. The preparation of coverslips for imaging spread cells followed
a previously described technique ©. Briefly, for PALM imaging, we used #1.5 glass 4 well-
chambers (LabTek or Ibidi). The chambers were washed with 1M HCL in 70% EtOH, ~0.5
ml per chamber at room temperature for 10 min. The liquid was then aspirated and chambers
were dried at 37 °C for 1 hour. These glass chambers were then coated with 0.01% poly-L-
lysine (Sigma, P4707) diluted in water at room temperature for 15 min. Liquid was aspirated
and chambers were dried at 37 °C for 2 hours. In the next step, glass chambers were coated
with 0.4 ml 10pg/ml mouse ahuman CD3 (Biotest, 16-0038-85) or mouse ahuman CD45
(Bactlab Diagnostics, PMG555480) or mouse ahuman CD1la/LFA (BD Pharmingen,
555378) antibody diluted in phosphate-buffered saline (PBS). Finally, chambers were
washed with PBS 3 times. Antibody-coated chambers were stored at 4 °C with 0.5 ml PBS
in a humidity chamber. Before imaging, cells were resuspended in imaging buffer (RPMI
without phenol red, 10% FBS, 25mM Hepes) at a concentration of 1x10%/150 ul and 100,000-
500,000 cells were dropped onto glass chambers for PALM imaging. Cells were incubated
at 37 °C for a desired spreading time (typically 3-5 min) and fixed with 4% Paraformaldehyde
(PFA) for 30 min at 37 °C. As a last step of preparation for imaging fixed cells, the glass
chambers were washed with PBS 3 times. For live cell imaging, we kept the cells in imaging
buffer in an incubator (37 °C), and dropped them into wells containing imaging buffer as they

were mounted on the microscope.

Single molecule localization microscopy. Two-colour photoactivated localization
microscopy (PALM) imaging was conducted similarly to the imaging previously described
! using a total internal reflection (TIRF) Nikon microscope. In this system, excitation of the
photoactivatable fluorescent proteins (PAFPs) was achieved with a 488 nm laser line for
PAGFP and Dronpa, and a 561 nm laser line for PAmCherry. Photoactivation of the PAFPs

was performed with a 405 nm laser line. Emission was detected by an Ixon™ Ultra EMCCD



(Andor) mounted on the microscope. PALM images were analysed using an algorithm to
identify peaks in individual frames and group them into functions that reflect the positions
of single molecules ’. Sample sizes were chosen to account for cell to cell variability, within
experimental constraints.

For direct Stochastic Optical Reconstruction Microscopy (dASTORM) combined with
PALM, or for diffraction limited microscopy, cells stably expressing TCRC-Dronpa were
transfected with a gp41(JRFL)AED*-PamCherry plasmid. The cells were dropped and fixed
on aCD3¢ antibody coated coverslip, as described above. For permeabilization, we added 0.4
ml 0.1% Triton X-100 in PBS per well and incubated for 3-4 minutes. The cells were blocked
by 2% normal goat serum in PFN (PBS + 10% serum + 0.02% sodium azide) for 30 minutes.
For 0.5 million cells, we added 0.5 ug rabbit chuman phsophoTCRC (pY83 of TCR(; Thermo
Scientific, 700177) as a primary antibody diluted in 2% normal goat serum in PFN, incubated
for 60 minutes at RT and washed 3 times with PFN. Alexa647 was added as a secondary
antibody (arabbit) diluted (1/3000) in 2% normal goat serum in PFN, incubated for 45
minutes at RT and washed 3 times with PFN.

Forster Resonance Energy Transfer (FRET) imaging was conducted using TIRF Nikon
microscope. E6.1 cells were resuspended in (0.5 million cells in 100 ul) a FACS buffer
(10%FBS, 0.02% sodium azide in PBS) and incubated on ice for 10 minutes. The primary
antibody, 0.5 pg mouse ahuman CD3e-Alexa647 (R&D Systems, FAB100R) as acceptor
and 0.5 ug rabbit ahuman aGFP-Alexa555 (Invitrogen, A31851) as donor, were added and
incubated for 30 minutes on ice. The cells were washed 3 times with PBS and resuspended
in 0.5 ml imaging buffer. These cells were dropped and fixed on aCD45 antibody coated
coverslip, as described above. For negative control, aGFP-Alexa555 was replaced by aCD45
and amouse-Alexa555 and the cells were dropped on aCD11a/LFA-coated coverslip. Note
that the staining of CD45 here prevented the use of aCD45 antibody coated coverslip for this
sample. A positive control was performed using an aCD3e-Alexa647 primary antibody and
a secondary antibody carrying amouse Alexa555 that targeted the aCD3¢-Alexa647 primary
antibody.



Flow cytometry. For flow cytometry Jurkat E6.1 cells were transfected with a gp41
(JRFL)AED*-YFP or gp41(HXB2)-YFP plasmid. After 24 hours, 0.5 ug/ml mouse ahuman
CD3 was added to stimulate for 3 hours. The cells were resuspended in (0.5 million cells in
100 ul) a FACS buffer and incubated on ice for 10 minutes. The primary antibody, 0.5 pg
mouse IgG2a ahuman CD69 (abcam, MMO0688-14F49) was added and incubated for 30
minutes on ice. The cells were washed 2 times with FACS buffer and PBS. Goat anti-mouse
IgG2a Alexa647 (Thermo Scientific, A21241) was added as a secondary antibody diluted
(1/3000) in FACS buffer, incubated for 30 minutes at RT and washed 2 times with FACS
buffer and PBS. For negative controls for the flow cytometry data (Fig. 7A,B), we employed
mock transfections without any vector or with an empty vector, which yielded similar results.

Cell death analyses were performed using APC-Annexin V (640919, BioLegend) for
apoptosis detection and Pl (P4864, Sigma) for necrosis detection prior FACS analyses.

Staining was done according to manufacturer protocol.

Analyses

PALM rendering - movies generated by PALM imaging were analysed by the
ThunderSTORM software 8 for the identification of individual peaks in the movie frames.
Next, peaks were grouped and assigned to individual molecules for rendering of the PALM
images. Peak grouping used a distance threshold and a temporal gap to account for possible
molecular blinking °. A range of temporal gaps were considered for each fluorophore
separately in order to minimize possible over-counting of molecules. Individual molecules
are presented in PALM and dSTORM images with intensities that correspond to the
probability density values of their fitted Gaussian with respect to the maximal probability

density values detected in the field.



Live cell movie. Two-colour PALM imaging of a live Jurkat E6.1 cell expressing
TCRC-Dronpa and gp41(JRFL)AED*-PAmMCherry on an aCD3-coated coverslips. Each of
the images was collected from 50 frames at a frame rate of 13.1 fps, yielding an effective
frame time of 3.8s. The PALM movie is shown in Movie M1. A filtered movie (Movie M2)
was generated by filtration of the TCR (green) channel using a Kalman filter (ImageJ), with

variance estimate of acquisition noise of 0.05 and bias of the prediction of 0.8.

Second order statistics and pair correlation function

PALM and dSTORM imaging result in a point pattern that marks the centre locations of
single molecules. To describe the density of the point pattern as output microscopy imaging,
and explain the mechanism responsible for the measured organization of the molecules, first
order statistics is not sufficient, and we turned to second-order statistics, as explained below.
Additionally, if the pattern refers to two or more different populations, bivariate second order
statistics is necessary to explore the correlation behaviour of the populations. The second
order characteristics depend only on the distance r between points, but not on the direction
or the location of points for a homogeneous and isotropic point pattern. Pair correlation
function (PCF, denoted here also as g(r)) describes and quantifies in a point pattern how
density varies as a function of distance from a reference particle. Usually the PCF is
normalized by the density of the sample. Univariate PCF can be used to explore a point
pattern of a single species. Bivariate PCF as defined below (Egs. 2,4) quantifies for two
species, the density of pattern 2 at distance r from an arbitrary point of pattern 1.

An appropriate geometry is therefore to adopt circular shapes such as the circles of
Ripley’s K-function or the rings of Wiegand-Moloney's O-ring statistic as a basis for the
spatial statistics 1°. Using rings instead of circles has the advantage that one can isolate
specific distance classes, whereas the cumulative K-function confounds effects at larger
distances with effects at shorter distances. In this work, we used O-ring statistic because it
can detect aggregation or dispersion at a given distance r whereas K-function can detect
aggregation or dispersion up to a given distance r. For two point patterns that represent two

different populations, the bivariate K-function Kiz(r) is defined as °:



(1) k1,(r) = 231 [the number of points of pattern 2 in a distance< from an arbitrary

point of pattern 1]

r where 4, is the mean areal density of points of pattern 2 °.
The bivariate PCF gi2(r) is defined in a similar fashion to Ripley’s K-function apart from
replacing the circles of radius r with rings of radius r:

2) g = ;1 the number of points of pattern 2 at distance r]
12 = N

from an arbitrary point of pattern 1

And Wiegand-Moloney’s O12(r) is defined by °:

3) 012(1) = 23 g12(7)
In this study we used the bivariate functions in order to indicate attraction between the two
patterns up to distance r. For a single population pattern, the univariate g(r)= g11(r) is used
in analogy to the gi2(r) function, by replacing points of pattern 2 by points of pattern 1.
Univariate analysis indicates the conjugation to be together and self-clustering of a single
population pattern °,

In this step we calculated the PCFs and compared them to different models using
Monte-Carlo simulations. For that, we used a custom code in Matlab. Two useful models for
the evaluation of the organization and extent of interactions between species are described

below.

Following a similar notation to Wiegand °, a bivariate PCF can be calculated for a

pixelated image using the following definitions:

18 )
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where, Rf”k (r) is the ring with radius r and width w centred on the k'th point of type 2 (here

points of type 2 are simply type i molecules, or Sy, as defined above). n; is the total number



of points of type i in the study region of area A. The operator Pnts [S;j,X] counts the points of

type j, namely S;, in region X. The operator Area counts the number of cells in the region X.

Complete Spatial Randomness (CSR)

The simplest way to quantify the deviation of a point pattern from randomly distribution is
comparison to a Complete Spatial Randomness (CSR) distribution. CSR is a Poisson and
homogeneous process. In other words, CSR assumes no interaction between the points of the
pattern and has a constant density as the first order statistics over the study region. The
difference between this model and the point pattern of the sample can be observed by
comparison of their PCFs 1°. By default, CSR of two different species would result in flat
PCFs with a value of 1 that indicate no interaction (i.e. no spatial correlation) between the
species. Note that there many alternative models (with orthogonal processes of the different

species) could give rise to no interaction.

The Random Labelling model

In order to investigate whether or not two species in a joint point pattern are significantly
interacting, we used the random labelling (RL) model. In this model, points of pattern 1 (n1)
and points of pattern 2 (n.) distribute randomly on ni+ n; fixed locations. Multiple Monte-
Carlo simulations replicate nineteen times the point patterns while randomly re-labelling the
points (with the number of points from each species). The bivariate PCF of the original point
patter g12(r) is then compare to the bivariate PCFs of the simulations. We used the lowest and
highest g12(r) of the different simulations as a 95% confidence interval for the acceptance or
rejection of the model as a null hypothesis. Agreement of the data with the RL model
indicates homogeneous mixing, and hence strong interaction (in a statistical sense) of the two
species under study. Prior knowledge on the physical binding of the two species (e.g. from
biochemical assays) can then help to interpret the studied interactions as physical binding

events of the species.

Comparing bivariate PCFs of multiple cells (or realizations)



The RL model is individual to each cell (or point pattern realization), and thus there is no
straight forward way to compare bivariate PCFs (BPCFs) from multiple cells. In this study,
we propose and apply two complementary ways to compare and average bivariate PCFs
computed for multiple cells: (i) the extent of mixing (EOM), and (ii) the standardized
bivariate PCF (SBPCF).

(1) The extent of mixing (EOM)

In previous studies, we have introduced a measure we termed the 'Extent of Mixing' 2%, For
convenience, we briefly introduce this measure in Fig. S2A and below. This measure is first
computed individually for each cell as follows:

g (n-1

5 EOM'(r)=—x
©) ") gleL'l(r)_l

where g' (r)is the BPCF for cell i, and g/, (r)is the average of the nineteen simulated

BPCFs due to the RL model for cell i. Meaning, we take the height of the BPCF above the
baseline of the model of no-interaction (at a specific length scale) and divide it by the height
of the average BPCF due to the RL model. Next, the EOM can be readily averaged for
multiple (N) cells, following Eq. 6:

(6) EOM(r)= %i EOM ()

The errors are computed as:

(7)  SEM(r) = \/%i EOM (r)?

(i)  Standardized bivariate PCF (SBPCF)
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To further compare molecular interaction within multiple cells, we took a second

approach, by defining a standardized version of the BPCFs (SBPCF), g,,' (r), independently
for each cell i following Eq.8.

95,(N—(3L(n)

'(r)

© G, (n=

where, §,,' (r) is the set of all simulated g,,' (r) for cell i (i.e. the previous notation g (r)

in Eq. 5 is now replaced with the more elaborate term (g, (r))). We further define:
©  &'m=mx(@,m-(5,m))

Here, 25i (f) denotes the 95% confidence interval of the BPCF of cell i due to the nineteen

simulated random sets of the null hypothesis. We then took the average of the standardized
conditional bivariate PCFs and the standard error of the mean (SEM) over multiple N cells

using the following equations (Egs. 10 and 11):

W) (6.00)=2Y 8400

(11)  SEM(r) = \/%igjz(r)z

Conditional bivariate PCF — Recently, we have shown how 3 colour SMLM
imaging could help to quantify synergy in the interactions of 3 interacting species °. We
briefly describe this analysis below, while a comprehensive discussion and robustness
analyses of this statistics can be found in this previous publication °. The conditional bivariate
statistics and synergy analyses rely on a first step of choosing a subpopulation of one species,
based on its proximity to (or interaction with) a second species. Then, the interaction of this

subpopulation with a third species can be compared to a similar interaction, yet for random
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sets of the first species. This analysis is applied to study regions that cover most of the
apparent footprint of the cells. As a next step, the standardization of these conditional
bivariate PCF curves allows for their comparison and for their averaging over multiple cells.

After this step, significant synergy in molecular interactions can be detected.

We briefly describe below the algorithm by referring to an example where we study
the interactions between type 2 and type 3 molecules, upon their binding to type 3 molecules.
The set of X,y coordinates of each molecular species is denoted here by S, where i = 1,2,3.
First, we identified the proximity of molecules from two species of interest (e.g., Type 2 and
Type 3) using the Boolean function Pr (Eq. 12). Pr is calculated for each pair of molecules

(s2, s3) from Sz and Sg, as follows:

1 Dist(s,,s;)<d,

(12)  Pr(s,,s;)= {0 Dist(s,,s;) >d,,

where the operator Dist(si,s;) is the Euclidean distance between the points s; and s; and where
din is the threshold for defining proximity. The value of this threshold, din, was varied between
20 nm and 60 nm to check the robustness of our analyses approach (as in °). A threshold of
36 nm was then chosen to select the interacting Type 2 molecules, using the function Pr to
obtain a subset s - of the points of type 2 (namely S;), following the set-builder notation of
Eg. 13. Notably, in our SMLM measurements the localization uncertainty of individual
molecules peaked at ~25nm for all colours. Thus, the 36 nm threshold was about the rms size
of the uncertainty of two colocalized molecules in our study. Another consideration for

setting the proximity threshold involves the molecular density in the data (as detailed in ®).

(13) Sz':{sz\ﬂsaes3 such that Pr(sz,s3):l}
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Together, Egs. 3 and 4 state that s is included in S'; if there exists at least one proximal

molecule s3 from S3 that lies below the threshold distance di, from ss.

Next, we calculated the conditional bi-variate pair-correlation function (PCF; Jyzp((23 ()

of the selected subset of Type 2 molecules, s_ -, with a third molecular species of Type 1.

Similar to the BPCF (Eg. 4), the conditional bi-variate pair-correlation function (PCF;
912|Pr(2,3)(l’)) is defined in Eq. 14. This equation now refers to S,', the proximity-selected

sub-population of Sy, with a total number of molecules of n2.

ii Pnts[SZ', R\ (r)]
=
ji Area[Rlvvvk (r)]

1 k=1

0 Gas (=1
To check the significance of the interaction synergy, the conditional bivariate PCF was
compared to the bivariate PCF of Type 1 and the same number of chosen Type 2 molecules
that were randomly spread across the positions of all of the identified type 2 molecules,
regardless of their proximity to Type 1 molecules (yielding g, (r)inEgs. 15 and 16 below).
A Monte-Carlo simulation was used in this later stage to generate nineteen control sets

through the described random placement of molecules and to mark a range of 95%

confidence interval, within which the interaction is not significantly synergic.

As mentioned earlier, to further compare the synergy of the molecular interaction
within multiple cells, we first standardized the conditional bi-variate PCFs independently for
each cell i following Eq.15.

gli2|Pr(2,3) (r) - <gllz (I’)>
a'(r)

(15) g12|Pr(2,3)i (r)=
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where,

(16) &'(rn)= max(l(glizwr(z,s) (r) _<§1i2(r)>l)

As before (Eg. 9), 2 i (r)denotes the 95% confidence interval of the bivariate PCF of cell i

due to the nineteen simulated random sets of the null hypothesis. In analogy to Egs. 10,11,
we then took the average of the standardized conditional bivariate PCFs and the standard
error of the mean (SEM) over multiple N cells using the following equations (Egs.17 and

18):

N 1Y,
(17) <912|Pr(2,3) (r)> = WZ O12pr2,9) (r)
=)

1 &
(18)  SEM(r) = |55 D Glapre (1)’
i=1

Finally, to report on the synergy of interactions due to multiple cells, the resultant curves of
(G12pr (1)) and SEMs were plotted (red line and error bars in Fig. 6F) along with the
normalized 95% confidence interval (dotted gray lines in Fig. 6F). The departure of the
averaged PCF from the confidence intervals serves to reject the null hypothesis, indicating
that the binding of Type 1 and Type 2 is promoted by the interaction of Type 2 molecules

with molecules of Type 3.

All calculations and graphical rendering of PCFs were conducted using a published software

10 or custom codes written in Matlab (MathWorks).

FRET imaging and analyses — Here, we employed the donor-sensitized acceptor
fluorescence for FRET imaging of the interaction between the TCR and gp41(JRFL)AED*-
PAGFP. For such imaging, three imaging channels can be defined: (i) a donor channel,

optimized for the donor fluorescence of Alexa555, using 561nm excitation and detecting its
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emission using ET 600/50 M emission filter; (ii) an acceptor channel, optimized for the
acceptor emission of Alexa647, using 647nm excitation and ET 700/75 M emission filter;
(iii) a FRET channel, using 561nm excitation (as for the donor) and emission detection
between ET 700/75 M (as for the acceptor). Sensitized FRET involves crosstalk between the
imaged channels due to direct excitation of the acceptor at the donor excitation and bleed-
through of the donor emission to the acceptor and FRET channels. To correct for these cross-
talks, one first subtracts the background in all channels, yielding fluorescence signal for
channels of the donor (Fp), acceptor (Fa) and FRET (Fg). Next, we defined the following

cross-talk factors 12:

F F F F
(19) 81:_F1 82:_':1 ng_A’ S4:_D
I:A I:D I:A
Averaging over multiple donor-only samples yielded S:=0.110 and S3=0.003. Similarly,
acceptor-only samples yielded S;=0.082 and S4=0.003. (Note that, as expected, Sz and S are

essentially negligible).

Next, the rate of relative detection sensitivity of the excited acceptor compared to the excited

donor is described by another factor, a, as follows:

(19) a=-ma lo Bo &

loino La Ba €a
Where Iy is the fluorescence intensity, L is the labelling ratio, By is the antigen ratio, and &x
is the extinction coefficient at maximal donor excitation, and the subscript x denoted either
the donor (D) or the Acceptor (A). The manufacturer specifies Lpa = 3 for both the donor
and the acceptor, which we further confirmed by spectral absorption measurements. We also

consider Bp=Ba, while ¢ values for the donor and acceptor were taken from manufacturer

specifications. These parameters yielded o=0.68.
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The energy transfer efficiently per donor excitation can now be determined as 2:

A
190 E=—
(19) 1+A

Where

Fe—Fy-S,—F,-S,
a-Fy

(19) A=

To increase the reliability of the calculations and to prevent low-level noise from distorting
the calculated FRET efficiency, we excluded pixels below half of the intensity of the average
background across the imaging field or 0.025 of the maximal intensity throughout the
imaging field. We also avoided saturation throughout the imaging, and set the value of
saturated pixels to 0. FRET images were rendered in pseudo-colour with a Fire colour map.

All calculations were done using a custom Matlab code.

To estimate the significance of our results, we report FRET for 14 cells from 2 replicate
experiments. As described above, we also generated a negative control sample by staining
with the donor and the acceptor labelled antibodies two proteins that are not interacting
(CD3¢ and CD45). A positive control sample was generated by targeting the donor labelled

antibody as a secondary to an acceptor labelled aCD3g antibody.
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Supplemental Figure Legends

Table S1. Centre vs. periphery recruitment and clustering of gp41 at the IS

Table S2. The effect of gp41 expression on cell killing

Fig. S1. Gp4l constructs used in the study for single molecule localization microscopy
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(A) Localization uncertainty of the fluorophores used in this study for single molecule
localization microscopy by either PALM or dASTORM. (B) The gp41 constructs used in this
study are presented according to their domains. Red highlights mark a mutation or
replacement. Black text marks constructs originated from the JRFL isolate, while red text
marks constructs originated from the HXB2 isolate. (C) Sequence alignment of the
constructs from the JRFL (Uniprotentry: Q75760) and HXB2 (P04578) HIV-1 virus

isolates.

Fig. S2. Bivariate second order statistics and SBPCF curves of the molecular

interactions under study

(A)(left) A representative bivariate pair correlation function (PCF) is shown in blue. This
curve is typically compared to two models — a model of no interaction (black line, with a
value of 1) and a model of random labelling (RL). The RL model is simulated by generating
19 random sets where the label of the species is randomly assigned without changing their
detected positions. The maximum and minimum of these simulations at each length-scale
yield a 95% confidence interval of this model (black dotted lines). Importantly, this curve is
shown for a single cell and cannot be averaged over multiple cells since the RL simulations
are individual to the presented cell. (middle) The standardized bivariate PCF (SBPCF) is
introduced by Eqgs. 8 and 9 in the SI. It is the difference between the heights of the measured
bivariate PCF and the average of the simulations of the RL model, normalized by the width
of the 95% confidence interval of the RL model. Thus, the SBPCF curve (blue line) in the
right graph corresponds to the PCF curve (blue line) in the left graph. The RL upper and
lower boundaries of the RL confidence interval take values of +1 and -1, respectively. The
no-interaction model becomes the lowest negative curve (black line). Relations between the

corresponding curves of the two graphs are highlighted by blue and black arrows.
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Importantly, the SBPCF curves can now be averaged over multiple cells, yielding the errors
(SEM) at each length-scale. (right) The extent of mixing (EOM) is defined as the ratio of the
height of the PCF curve in comparison to the average PCF height of the simulated RL model

(see definitions by Egs. 5 and 6).

(B-L) SPCF curves are shown for the specified constructs (blue), compared to the 95%
confidence interval of a Random labelling model (black dotted lines at 1 and -1) and a model
of no interaction (NI; black solid line) for: (B) TCRC-Dronpa and gp41(JRFL)AED*-
PAmCherry on aCD45 (for the data in Fig. 1A-C). (C) TCRC-Dronpa and
gp41(JRFL)AED*-PAmMCherry on aCD3 (for the data in Fig. 1D-F). (D) gp41(JRFL)AED*-
PAGFP and GPI-PAmCherry on aCD3+CD45 (for the data in Fig. 3A-C). (E) Gp41(JRFL)-
MCRAC-Dronpa and GPI-PAmCherry on aCD3+CD45 (for the data in Fig. 3G-F). (F)
Gp41(JRFL)AED*RFL)-PAGFP and gp41(JRFL)AED*-mCRAC-PAmMCherry on oCD3
(for the data in Fig. 3G-I). (G) TCRC-Dronpa and gp41(JRFL)AED*-mCRAC-PAmMCherry
on aCD3 (for the data in Fig. 3J-L). (H) TCRC-Dronpa and gp41(HXB2)-PAmCherry on
aCD3 (for the data in Fig. 4A-C). (I) TCRC-Dronpa and gp41l(HXB2)-PAmCherry on
aCD45 (for the data in Fig. 4D-F). (J) TCRC-Dronpa and gp41(HXB2)-PAmCherry on
aCD3 (for the data in Fig. 5A-C). (K) TCRC-Dronpa and gp41(HXB2)-PAmCherry on
aCD45 (for the data in Fig. 5D-F). (L) TCRE-Dronpa and gp41(HXB2)-mTMD-PAmMCherry
on aCD3 (for the data in Fig. 5G-1). Error bars are SEM.

Fig. S3. Negative controls for gp41-TCR interaction

(A) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing TCR{-Dronpa and
gp41(JRFL)AED*-PAmCherry on coverslips coated with aCD11. Cells were dropped and

let spread on the coverslip for 3 min before fixation. Bars — 2 um (left) and 200 nm (right).



19

Shown is a representative cell (N=6). (B) PCF of TCRZ-Dronpa (green) and
gp41(JRFL)AED*-PAmMCherry (red). (C) EOM of TCRC-Dronpa and gp41(JRFL)AED*-
PAmMCherry.

(D) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing Syntaxin1lA-Dronpa
and gp41(JRFL)AED*-PAmMCherry on coverslips coated with aCD45. Cells were dropped
and let spread on the coverslip for 3 min before fixation. (E) PCF of Syntaxin1A-Dronpa and
gp41(JRFL)AED*-PAmCherry (red). (N=7). (F) EOM of SyntaxinlA-Dronpa and
gp41(JRFL)AED*-PAmCherry.

(G) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing Syntaxin1lA-Dronpa
and gp41(JRFL)AED*-PAmCherry on coverslips coated with aCD3. Cells were dropped and
let spread on the coverslip for 3 min before fixation. (H) PCF of Syntaxin1lA-Dronpa and
gp41(JRFL)AED*-PAmCherry (red). (N=15). (I) EOM of SyntaxinlA-Dronpa and
gp41(JRFL)AED*-PAmCherry.

(K) Single-colour PALM imaging of fixed Jurkat E6.1 cells expressing TCR{-Dronpa on
coverslips coated with either aCD3 (left) or aCD45 (middle). Cells were dropped and let
spread on the coverslip for 3 min before fixation. PCF of TCR{-Dronpa (N=30 for each

condition).

Fig. S4. Imaging the TCR and gp41 in cell cross-sections

(A) Confocal imaging of fixed E6.1 Jurkat cells expressing TCRZ-Dronpa and gp41(HXB2)-
PAmCherry on an aCD3-coated coverslips. Cells were dropped and let spread on the
coverslip for 3 min before fixation. Bar — 2 um (left). Shown is a representative cell (N=3).
(B) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing TCR{-Dronpa and
gp41(HXB2)-PAmCherry on an aCD3-coated coverslips, prepared for imaging as in A. The
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cells were imaged using TIRF or epi-illumination while focusing at different heights from
the coverslip (0 um) to ~2um and ~4um above the coverslip (upper, middle and lower rows,

respectively). Bar — 2 um (left). Shown is a representative cell (N=6).

Fig. S5. Controls of molecular labelling for PALM and dSTORM

(A) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing TCRZ-PAmCherry and
gp41(JRFL)AED*-PAGFP on an aCD3-coated coverslips. Cells were dropped and let spread
on the coverslip for 3 min before fixation. Bars — 2 um (left) and 200 nm (right). Shown is a
representative cell (N=3). (B) PCF of gp4l(JRFL)AED*-PAGFP (green) and TCRC-
PAmCherry (red). (C) Standardized bivariate PCF of gp41(JRFL)AED*-PAGFP and TCR(C-
PAmMCherry (blue), compared to the 95% confidence interval of a Random labelling model
(black dotted lines at 1 and -1) and a model of no interaction (NI; black solid line). (D) The
extent of mixing of gp41(JRFL)AED*-PAGFP and TCRZ-PAmCherry, calculated for each

wide area image in A.

(E) Two-colour PALM imaging of fixed E6.1 Jurkat cells expressing gp41(JRFL)AED*-
PAmCherry and gp41(JRFL)AED*-PAGFP on an aCD3-coated coverslips. Cells were
dropped and let spread on the coverslip for 3 min before fixation. Middle image shows a
zoomed area with rendering of detected molecules using overlapping Gaussians, while the
right image shows the same zoomed area using scattered dots. Bars — 2 um (left) and 200 nm
(middle and right). Shown is a representative cell (N=3). (F) PCF of gp41(JRFL)AED*-
PAGFP (green) and gp41(JRFL)AED*-PAmMCherry (red). (G) Standardized bivariate PCF of
gp41(JRFL)AED*-PAGFP and gp41(JRFL)AED*-PAmMCherry (blue), compared to the 95%
confidence interval of a Random labelling model (black dotted lines at 1 and -1) and a model
of no interaction (NI; black solid line). (H) The extent of mixing of gp41(JRFL)AED*-
PAGFP and gp41(JRFL)AED*-PAmCherry, calculated for each wide area image in A.
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(1) Two-colour SMLM imaging of fixed E6.1 Jurkat cells expressing TCRZ-Dronpa, stained
and imaged for pTCRC (ASTORM) on an aCD3-coated coverslips. Cells were dropped and
let spread on the coverslip for 3 min before fixation. Bars — 2 um (left) and 200 nm (right).

Shown is a representative cell (N=5). Error bars are SEM.

Fig. S6. Gp41 leads to massive cell killing and promotes CD69 upregulation

(A) Bright-field microscopy of unstimulated Jurkat E6.1 cells, expressing gp41 constructs
(either gp41(JRFL)AED*-YFP or gp41(HXB2)-YFP). Cells were stained with Trypan Blue
to indicate cell death (dark grey-levels). (B) Fluorescence microscopy of unstimulated Jurkat
E6.1 cells, expressing gp41 constructs (either gp41(JRFL)AED*-YFP or gp41(HXB2)-YFP).
Right-most column in panel B shows enhanced brightness of the CD69-Alexa647 channel,
to highlight the enhanced CD69 upregulation by the HXB2 construct. (C) Bright-field
microscopy of TCR-stimulated Jurkat E6.1 cells, expressing gp4l constructs (either
gp41(JRFL)-YFP or gp41(HXB2)-YFP). Cells were stained with Trypan Blue to indicate
cell death (dark grey-levels). (D) Fluorescence microscopy of TCR-stimulated Jurkat E6.1
cells, expressing gp41 constructs (either gp41(JRFL)AED*L)-YFP or gp41(HXB2)-YFP).
Left-most column shows zoomed bright-field images of individual cells for cell expressing
no gp41l or gp41(JRFL)AED*, and cell debris for cells expressing gp41(HXB2). Scale bars

—10 pm.

Movie M1. The recruitment of gp41 and TCR( at early contacts of the IS

Two-colour PALM imaging of a live Jurkat E6.1 cell expressing TCR(-Dronpa and
gp41(JRFL)AED*-PAmCherry on an aCD3-coated coverslips. Each of the images was
collected from 50 frames at a frame rate of 13.1 fps, yielding an effective frame time of 3.8s.

(see Sl for further details on live cell imaging).
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Movie M2. The recruitment of gp41 and TCR( at early contacts of the IS, after Kalman

filtering

Two-colour PALM imaging of a live Jurkat E6.1 cell expressing TCRC-Dronpa and
gp41(JRFL)AED*-PAmCherry on an aCD3-coated coverslips. Each of the images was
collected from 50 frames at a frame rate of 13.1 fps, yielding an effective frame time of 3.8s.
Shown is a reconstructed movie after Kalman filtering for accounting for the fast
photobleaching of Dronpa (see Sl for further details on live cell imaging and Kalman

filtering).



Table S1

Experiment Gp41(JRFL)AED* | Gp41(JRFL)AED*- | Gp41(JRFL)AED*
& TCRY mCRAC & TCRY
on aCD3 & TCR{ on aCD3 on aCD45
Number of cells 13 16 20
Footprint Area (um?) 405 +59 276 £32 87 18
Gp41 (#/1000) 16.1+1.6 14.6 £2.7 11.4+1.2
TCR (#/1000) 41.5%2.7 49 +8.4 16.1+2.5
Area (center/surround) 0.23 £0.06 0.38 £0.08 1.1+0.19
Gp41 (center/surround) 1+0.20 1.5 +0.59 2.9 +0.57
TCR (center/surround) 0.38 £0.10 0.39 +0.13 1.47 £0.45
Gp41 Center density (#/.um?) 125 +15 115 +14 198 +£20
Gp41 Surround density (#/um?) 3116 27 4 85 +15
(P-value) (3.9E-5) (1.1E-5) (9.4E-5)
Gp41ldensity center vs. surround
TCR Center density (#/um?) 170 +21 186 +17 211 £21
TCR Surround density (#/pum?) 111 +16 163 +15 166 +18
(P-value) (.038) NS (0.34) NS (0.12)

TCR density center vs. surround

Comments:
Red text — of specific interest
NS — Not significant. Errors — SEM.
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Figure S2

A Individual cell statistics Averaged statistics over multiple cells
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Figure S3
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Figure S4
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Figure S5
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Figure S7
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Movie M1

TCRC-Dronpa, Gp41(JRFL)AED*-PAmMCherry on aCD3

Reconstructed PALM

Movie M2

TCRCZ-Dronpa, Gp41(JRFL)AED*-PAmMCherry on aCD3

Reconstructed PALM
after Kalman filtering




