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Figure S1. Calibrating the instrumental parameters and measuring the diffusion correlation time of
the Alexa Fluor 647 conjugated monomer HER2 ECD for FCS experiments. Representative model
fits are shown. Diffusion correlation time 7s and the instrumental parameter S were determined by
fitting a model with free 3D diffusion and triplet state correction for free Alexa Fluor 647 dye. The
lateral focus radius wr was calculated according to Equation 2. The diffusion correlation time of the
Alexa Fluor 647 conjugated monomer HER2 ECD was determined by fitting a model with free 3D
diffusion and triplet state correction using the previously calibrated S and wr values as constants.
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Figure S2. Triplet state fraction, triplet lifetime, and the fractional distribution of the diffusing com-
ponents in FCS measurements performed on live unstimulated CAR T cells. (a) The triplet state



fraction and lifetime were fitted parameters, while the structural parameter S and the diffusion cor-
relation time of the free Alexa Fluor 647 monomer HER2 ECD were fixed at values determined in
control experiments. (b) The fractional distribution of Alexa Fluor 647 conjugated monomer HER2
ECD species detached from the cells diffusing freely in 3D and of the CAR species diffusing in 2D
in the membrane, tagged by the Alexa Fluor 647 conjugated monomer HER2 ECD. The charts rep-
resent mean + SD; nHER2.2=300, 4 donors; nHER2.CD28.z=260, 3 donors; nHER2.41BB.z=276, 4 do-
nors; nHER2.CD28.41BB.z=289, 4 donors; **p<0.001.

! o
g Alpha haiix S S DB N AR DO ATSE RIS ST CRLoA CDAT TeR
== Betastrand
== C-coil

HER2.z

cb3zIC
D28 IC PSP EP APEFSEEFALAT
41BBIC

HER2.CD28.z

RRGRKKLL Y] FRQPPYRPYQTIQREDCCSCRFPRRERSGCELRVE FSREADAPRIQUONOLINELY

HER2.41BB.z

PRDFALTRSERSRERLLYIFRQPFMRPVQTIQRRDECSE

FHVRSKRSALLESDTHINTPRRECETRRHIQPTAE B CELAVE F3RSADAPAN(06H)L TN ELN LSRR ERYDVL DR R SR U ;SR PR RN BB L TNEL R MARATSEI NI ERRRCREHDCL 16T STATRD T TIALHM)ALEFR
A A A A A e A A e A A AN AN A AN A A A e P

HER2.CD28.41BB.z

Figure S3. Modeling the tertiary structure of the native CD3( and HER2-specific chimeric antigen
receptors using the RoseTTAFold deep learning-based protein structure prediction algorithm. The
diagram illustrates the secondary structure of the native CD3( and the intracellular domains of the
HER2.z, HER2.CD28.z, HER2.41BB.z, and HER2.CD28.41BB.z CAR constructs. The CD3z, CD28,
and 41BB intracellular costimulatory domains are indicated by the color coding of amino acid
names.
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Figure S4. Determining the relative amount of receptors localized in clusters. CAR molecules were
labeled with Alexa Fluor 647 conjugated HER2 ECD, and their membrane distribution on the surface
of unstimulated T cells was investigated using super-resolution AiryScan microscopy. Approxi-
mately 600 nm thin optical slices of the apical membranes were imaged, segmented and analyzed.
The charts represent mean + SEM; nHER2.z=54, 4 donors; nHER2.CD28.z=44, 3 donors;
nHER2.41BB.z=47, 4 donors; nHER2.CD28.41BB.z=54, 4 donors; *p<0.05, ***p<0.001.



