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Cha p t e r 3

Effects of membrane

compartmentalization and

subunits relative concentration

on type I interferon receptor

assembly in living cells1

The type I Interferon receptor (Ifnar) is a member of the helical cy-
tokine family. It is a complex heteromeric receptor, which comprises two
subunits, Ifnar1 and Ifnar2. Upon stimulation with interferon (IFN) a
trimeric complex between the two subunits and the ligand is formed with
a 1:1:1 stoichiometry. Although complex assembly has been characterized
in great details in model membrane, studies on living cells were lacking.
Particularly, knowledge on how an effective recruitment of receptor com-
ponents in the plane of the membrane is achieved is still lacking. We
applied single-molecule fluorescence microscopy to study the lateral orga-
nization of extra-cellular domains of both Ifnar1 and Ifnar2 in living HeLa
cells. Moreover, we demonstrate the influence of relative concentrations
of receptor concentration on subunits mobility, and thus the role of lateral
interaction in maintaining the lateral organization of receptor components.

1This chapter is based on: Pezzarossa, A., Piehler, J., Schmidt., T. “Effects of mem-
brane compartmentalization and relative concentration on type I interferon receptor
assembly in living cells.” (in preparation).



3.1 Introduction

The type I interferon family (IFN) comprises 13 different subtypes of IFN-
α and one IFN-β. This large variety of IFNs bind to one shared receptor
complex (Ifnar), which elicit differential responses, spanning from antivi-
ral responses to cell growth inhibition (1). The type I interferon receptor
is a complex heteromeric receptor, composed of two transmembrane pro-
teins, Ifnar1 and Ifnar2. The extra cellular domain (ECD) of Ifnar2 has
been characterized by nuclear magnetic resonance and is composed of two
fibronectin III (FBNIII)-like domains (2). The ECD of Ifnar1 instead com-
prises four FBNIII-like subdomains.(3). The intracellular domains (ICDs)
of Ifnar1 and IFNaR2 are associated with two cytoplasmic tyrosine ki-
nase, TYK2 and Jak1, respectively (4). Upon ligand binding a signaling
ternary complex between Ifnar1, Ifnar2 and IFN is formed, characterized
by a 1:1:1 stoichiometry, and the signaling cascade is initiated. In the first
stages of signaling, TYK2 and Jak1 reciprocally trans-phosphorylate the
receptor chains and STAT1 and STAT2 (Signal Transducers and Activa-
tors of Transcription) are recruited from the plane of the membrane and
phosphorylate (1).

Differently from other helical cytokines, no pre-assembly of the sub-
units has been observed, thus suggesting a ligand-induced assembly mech-
anism (5). Experimentally, this has been confirmed by Gavutis et.al.
in vitro based on binding studies which monitored the assembly of the
ECDs of Ifnar1 and Ifnar2 on solid-supported bilayers (6). The authors
proposed a model where the assembly follows a two steps mechanism: first
a binary complex between one Ifnar subunits and the ligand is formed and
then the second subunit is recruited on the membrane plane. As the affin-
ity of IFNs are generally higher for Ifnar2 than Ifnar1 (with the exception
of IFNβ), the probability of formation of a binary complex Ifnar2-IFN
is higher than for Ifnar1-IFN. All the interactions between the complex
components are transient in nature, thus leading to a dynamic equilib-
rium between binary and ternary complex. Further studies by Lamken
(5) on solid supported membranes, showed how the relative concentration
of Ifnar1 and Ifnar2 in the plane of the membrane plays an important
role in the formation of stable complexes, suggesting that the complex
is stabilized by fast re-association, and its kinetic is concentration depen-
dent (5). From these experiments the rate constants for complex assembly
were retrieved. In the work from Gavutis (7), however, it was highlighted
how an equilibrium constant of 36 mol/µm2 is not sufficient for an ef-
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fective recruitment of receptor components when these are present at low
concentration (∼1000 receptor/cell) uniformly distributed along the mem-
brane of a living cells. Thus, it was suggested that the lateral organization
and possibly the confinement into membrane domains could explain the
efficient assembly observed in vivo.

Here we applied single-molecule fluorescence microscopy to study the
lateral organization of the ECDs of Ifnar1 and Ifnar2 in living HeLa cells.
We address the question of receptor components confinement, and de-
scribe their mobility within the plane of the membrane before and after
stimulation with IFN. Moreover, we studied the effect of different relative
concentrations of Ifnar1 and Ifnar2 onto their mobility. We found that
both Ifnar1 and Ifnar2 are present as two fractions, a fast diffusing one
(∼ 60 − 70%) and a slow diffusing (∼ 30 − 40%), confined in domains
differing in size of several hundreds nanometers. Further, we show how
Ifnar2, but not Ifnar1 confinement is F-actin dependent. Upon stimula-
tion with IFNα2 we observed a significant change in receptor’s component
mobility. Through cross-correlation experiments, we confirm that only a
minor fraction (16%) of receptor appears to be pre-coupled before stimu-
lation.

Finally, we show how different relative concentrations influence the
mobility of both Ifnar1 and Ifnar2, suggesting that transient lateral in-
teractions between the different subunits play a fundamental role in the
lateral organization of the receptor components.

3.2 Materials and methods

3.2.1 Cell culture and transformation

Human cervix carcinoma epithelial cells (HeLa) were cultured in DMEM
medium supplemented with 10% fetal calf serum (FCS), streptomycin (200
µg/ml) and penicillin (200 U/ml) in a 7% CO2 humidified atmosphere at
37 ◦C (95% humidity). Cells were transferred every 4 days. For mi-
croscopy, cells were cultured on 25 mm ⊘ glass slides, pretreated with
hydrogen fluoride. Adherent cells were transfected with 1µg DNA and 3
µl FuGENE 6HD (Roche Diagnostic GmbH, Mannheim, Germany) per
glass slide.
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3.2.2 Plasmid

The plasmid pVitro2 H10-Ifnar1∆lC-A1-Ifnar2∆lC was obtained from the
group of Pielher. The stop codon for the gene Ifnar1-∆lC was removed by
cutting the gene with the restriction enzymes BbsI and BamHI and intro-
ducing a double-stranded oligomer between these to restriction site (TGC-
GAAAGTCTTCTTGAGATGCCGCGGATCC). The coding sequence for
the fluorescent protein eYFP was obtained by cutting the plasmid pcDNA3
LckN11-eYFP with the restriction enzymes BamHI and XbaI. It was in-
troduced after Ifnar1-∆lC using the same enzymes to form the plasmid
pVitro2 H10-Ifnar1-∆lC-eYFP-A1-Ifnar2-∆lC. The promoter for the tran-
scription of the coding sequence of A1-Ifnar2-∆lC was removed by cutting
it out with the restriction enzyme EcoRI. Thus, we obtained the plasmid
pVitro2 H10-Ifnar1-∆lC-eYFP. The DNAs were checked by restriction en-
zyme digestion and sequencing analysis.

3.2.3 A1-tag labeling

A1-Ifnar2 was expressed transiently in HeLa cells and fluorescently la-
beled prior to measurements following the protocol given by the manu-
facturer. As a substrate we choose CoA-647 (New England BioLabsinc).
For single-molecule imaging, the labeling solution was prepared using com-
plete medium (including serum), MgCl2 to a final concentration of 10 mM,
1µM of ACP-Synthase (New England BioLabsinc) and CoA-647 substrate
to a final concentration of 1µM . Cells were incubated for 30 minutes and
washed 5 times to remove excess dye. Labeling specificity was tested on
non-transfected cells via fluorescent imaging. In non-transfected cells, the
signal was lower than 1 molecule/10 µm2.

3.2.4 IFNα2 stimulation

Cells in a chamber filled with PBS were incubated with 5 nM IFNα2 for 5
minutes. Measurements were performed up to 30 minutes after incubation.

3.2.5 Latrunculin A treatment

Cells in a chamber with PBS were supplemented with 5 µM latrunculin A,
and incubated for 10 minutes. Subsequently, they were measured for up
to 30 minutes. Prior to each measurement, cells were imaged with bright
field to ensure they were viable.
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3.2.6 Single-Molecule Microscopy

The setup has been described in details elsewhere (8). Briefly, HeLa cells
adherent to glass slide were mounted onto an inverted microscope (Ax-
iovert100, Zeiss), equipped with a 100× oil immersion objective (NA 1.4,
Zeiss), and kept in PBS at 37◦C. The apical membrane of the cells was
observed. For imaging the 514 nm and 647 nm lines from an Ar/Kr laser
(Spectra Physics) was coupled via an optical fiber into the excitation path
of the inverted microscope. Images were taken consecutively for up to 1000
images per experiment. The time lag between images was varied between
11 and 69 ms. Precise timing and intensity setting for the excitation light
was achieved by an acousto-optic tunable filter (AA Electrooptique). The
illumination intensity was set to 2 kW/cm2 and the illumination time per
frame to 5 ms. The one dimensional positional accuracy achieved was
σx = σy = 25 nm.

3.2.7 Data analysis

To analyze the data we applied particle image correlation spectroscopy
(PICS), described in details in (9). This method is more robust when
compared to tracking, as it is less affected by blinking and bleaching of
the fluorophores. In short, the correlation between the positions at two
different time lags is calculated. Corrections are applied to remove the
contribution from randomly correlated molecules in close proximity to
each other. This results in a cumulative probability function Pcum(r

2,∆t)
which yields the distribution of squared diffusive steps at a given time t.
For each time lag, the Pcum is fitted to a two fractions model described by
equation 3.1:

Pcum(r
2,∆t) = 1−

[

α exp

(

− r2

4D1∆t

)

+ (1− α) exp

(

− r2

4D2∆t

)]

,

(3.1)
where MSD1 = 4D1∆t is the characteristic mean square displacement
of the fast diffusing fraction of size α and MSD2 = 4D2∆t is the mean
square displacement of the slow diffusing fraction of size (1 − α). This
double exponential model describe accurately the experimental curves.
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3.3 Results

3.3.1 Mobility of Ifnar1 and Ifnar2 at stoichiometric con-

centration in presence and absence of stimulation

HeLa cells were transiently transfected with a plasmid containing both A1-
Ifnar2-∆IC and YFP-Ifnar1-∆IC. Prior to measurements, A1-Ifnar2 was
labeled with CoA-647 dye, as described in section 3.2. The two receptor
components were depleted of the intracellular domain, thus the receptor
was not signaling active. However, in vitro studies (6) show that this con-
struct is still able to efficiently bind IFN and form a ternary complex.
Single molecule microscopy was used to observe the diffusion of Ifnar1
and Ifnar2, both separately and simultaneously, at the apical membrane
of HeLa cells. The apical membrane was chosen to minimize any effects
that are potentially induced by interaction between the plasma membrane
and the coverglass. Fluorescence images were taken up to 1000 consec-
utive frames, and the time delay between frames was varied between 11
and 69 ms. Single molecules were followed over time, and the positional
accuracy achieved was ∼ 25 nm. PICS (9), as described in section 3.2,
was subsequently applied to construct a cumulative probability function
of the square displacements for a given time lag. The probability function
for both Ifnar1 and Ifnar2 was best fitted by a two fraction model, which
gives three parameters: fraction size α, which identifies a fast diffusing
receptor population, characterized by a mean square displacement MSD1,
and a second slow moving population of size 1− α with mean square dis-
placement MSD2 (see section 3.2).

In figure 3.1 the results for both Ifnar1 and Ifnar2 before and after
stimulation are summarized. As shown in figure 3.1a, the fast moving pop-
ulation of Ifnar1 comprises αI1 = 63±1% of the total receptor population,
while for Ifnar2 αI2 = 70 ± 3%. Upon stimulation with 5 nM IFNα2, no
statistical significant change in fraction size was observed: αIFN

I1 = 54±8%
and αIFN

I2 = 74 ± 1%, respectively. For both Ifnar1 and Ifnar2, the mean
square displacement of the fast fraction does not increase linearly with
time, thus was not representative of free diffusion (see figure 3.1). The
data were best described assuming a confined diffusion model:

MSD(t) =
L2

3

[

1− exp

(−12Dt

L2

)]

+ s0 (3.2)

where L is the confinement size, D the diffusion coefficient, t the time
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lag, and s0 is an offset which account for finite positional accuracy. In our
experiments s0 = 4σxσy = 0.0049 µm2.

Before stimulation the fast mobility of Ifnar1 is described by LI1 =
753 ± 27 nm, and DI1 = 0.508 ± 0.042 µm2/s (figure 3.1b). After 15
minutes of stimulation with 5 nM IFNα2, the diffusive behavior changes:
although the diffusion coefficient is unchanged within the experimental
error DIFN

I1 = 0.53 ± 0.042 µm2/s, the confinement size is reduced to
LIFN
I1 = 421 ± 11 nm (figure 3.1b), suggesting a tighter interaction be-

tween Ifnar1 and the membrane components upon stimulation with IFN.
In the unstimulated case Ifnar1’s slow fraction is immobile, or too slow to
be detected above the limited positional accuracy, D < 0.05 µm2/s. Upon
stimulation, however, diffusion of Ifnar1 is observed within domains of size
Lslow
I1 = 231±10 nm, with a diffusion coefficient Dslow

I1 = 0.067±0.01 µm2/s
(see figure 2.1c).

Surprisingly, the results for Ifnar2 were strikingly different from what
we observed for Ifnar1: the fast fraction before stimulation showed con-
fined diffusion within big domains of size LI2 = 637±19nm, with diffusion
coefficient DI2 = 0.167 ± 0.07 µm2/s. Contrary to what was observed for
Ifnar1, upon stimulation with IFNα2 the mobility did not change(figure
3.1b). The domain size was within the error the same as prior to stimula-
tion, LIFN

I2 = 668± 11nm while the diffusion coefficient was slightly higher
compared to the unstimulated case, DIFN

I2 = 0.29± 0.08 µm2/s. The slow
fraction of Ifnar2 appears to be confined in small domains of size LI2 =
190± 28nm, with a diffusion coefficient Dslow

I2 = 0.015± 0.005 µm2/s, and
its mobility did not change upon stimulation, yielding LIFN

I2 = 172±19nm
and DIFN

I2 = 0.019±0.007 µm2/s (see figure 3.1c). Overall both Ifnar1 and
Ifnar2, when expressed at stoichiometric concentration, are present in two
distinct diffusing populations. One, fast diffusing fraction that is confined
in big domain ranging in size between 600 and 750 nm. The second, slow
moving fraction is confined in small domains of size L ∼ 200 nm.

To ensure a ternary complex was formed upon stimulation with IFNα2,
we performed cross-correlation experiments. In those measurements the
fluorescence signals from Ifnar1 and Ifnar2 were imaged simultaneously
onto separate areas of the CCD. Cross-correlation analysis (10) was ap-
plied to estimate the amount of complex formation. As shown in figure
3.1c, the cross-correlation experiments revealed the presence of a basal
level of pre-formed ternary complex, corresponding to ∼ 20% of the total
receptor population. Upon stimulation with 5 nM IFNα2, an increase of
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Figure 3.1: a)Fraction size for Ifnar1(black bars) and Ifnar2 (red bars), before
and after stimulation with 5 nM IFNα2. Fraction size remains unchanged upon
stimulation. b) Mean square displacement of Ifnar1 (black) and Ifnar2 (red). Top:
fast fraction. Without stimulation: full circles. Upon stimulation with 5 nM
IFNα2: full triangles. Both before (solid line) and after stimulation (dotted line)
the data are best fitted with a confined diffusion model (see eqn.3.2). Bottom: slow
fraction. Without stimulation: empty circles. Upon stimulation: empty triangles.
c Cross-correlation curve shows a basal level (∼ 20%) of pre-formed complexes.
Upon stimulation, the level of cross-correlation increases up to ∼ 80%

.

the correlation between Ifnar1 and Ifnar2 up to 80% was observed, con-
firming the efficiency of the receptor components in living cell to form a
ternary complex.

3.3.2 Effect of the actin cytoskeleton on receptor compo-

nents mobility

To further explore the nature of the confinement observed, we performed
a series of experiments where the actin cytoskeleton was disrupted by
application of 0.6 µM latrunculin A (LatA). Cells were incubated for 10
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minutes with LatA and subsequently imaged for 15 minutes in presence
of LatA. Remarkably, no change in the fast fraction size of receptors was
observed (see figure 3.2a), yielding αLatA

I1 = 56±4%, and αLatA
I2 = 67±3%

for Ifnar1 and Ifnar2 respectively. The diffusional behavior of both the
fast and slow fraction of Ifnar1 was also unaffected by the treatment, as
shown in figure 3.2c,d. On the contrary, the mobility of the fast diffusing
population of Ifnar2 was greatly affected by actin disruption: the con-
finement observed in cell with intact actin cytoskeleton disappears, and
Ifnar2 diffuses according to free Brownian motion with diffusion coeffi-
cient DLatA

I2 = 0.807 ± 0.07 µm2/s, as shown in figure 3.2b. Ifnar2’s slow
diffusing population, instead, remains unchanged (see figure 3.2d).

Overall, these results indicate that the actin cytoskeleton is involved
in Ifnar2 mobility, and that the domains observed were actin dependent.
However, for Ifnar1 a different mechanism is required, or the interaction
between actin and Ifnar1 is mediated by the intracellular domain which
is depleted in our experiments. It is worth to highlight that the behav-
ior of slow fraction for both Ifnar1 and Ifnar2 is unchanged upon actin
disruption.

3.3.3 Ifnar2 mobility in absence of Ifnar1

HeLa cells were transiently transfected with a plasmid encoding only for
A1-Ifnar2-∆IC. This resulted in cells expressing high excess of Ifnar2 com-
pared to the endogenous level of Ifnar1 present in HeLa cells (around 500
receptor subunits/cell). A1-Ifnar2 was labeled as described in section 3.2,
and experiments were performed as described for the other construct.
Measurement were performed in both unstimulated and stimulated cells.
As in the case of Ifnar2 expressed at stoichiometric concentration as Ifnar2,
the data were best fitted according to a two-population model. Figure 3.3
summarizes the results describing Ifnar2 mobility when expressed in high
excess compared to Ifnar1.

Ifnar2 mobility was profoundly affected by the absence of Ifnar1 in
our experiments. The fraction of Ifnar2 characterized by fast diffusion
was lower than what we observed before: αsingle

I2 = 48 ± 1% compared to
∼ 63% in presence of the other receptor subunit. Upon stimulation with 5
nM IFNα2 the fraction size remained unchanged, αsingleIFN

I2 = 51 ± 2%
as seen in figure 3.3a. The mean square displacement vs time graph
highlight more differences between the mobility in presence and absence
of Ifnar1. The fast population of the receptor subunit appears to be
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Figure 3.2: a)Fraction size before and after LatA treatment. There is not a
statistical significant difference for both Ifnar1 and Ifnar2. b) Mean square dis-
placement of Ifnar2’s fast fraction before (red circles)and after LatA treatment
(blue circles). Actin disruption results in the loss of confinement for Ifnar2.c)
Mean square displacement of Ifnar1’s fast fraction before (black circles), and after
(olive circles). No significant change is observed in Ifnar1 mobility upon actin dis-
ruption. d) Ifnar1 and Ifnar2 slow fraction before and after actin disruption. No
statistical significant change is observed for both Ifnar1 and Ifnar2.

confined into smaller domains, Lsingle
I2 = 459 ± 20 nm, and it is char-

acterized by a diffusion coefficient Dsingle
I2 = 0.52 ± 0.01 µm2/s, faster

than previously observed (see figure 3.3b). Upon stimulation with 5 nM
IFNα2 the scenario changes drastically: the confinement size increases
to LsingleIFN

I2 = 732 ± 15 nm, and the diffusion coefficient decreases to

DsingleIFN
I2 = 0.24± 0.007 µm2/s. These results are directly comparable to

what we measured for Ifnar2 co-expressed at stoichiometric concentration
with Ifnar1. The slow diffusing fraction before stimulation is constantly
below the positional accuracy (s0 = 0.0049 µm2), thus it is either immobile
in the plane of the membrane, or its diffusion is too slow to be detected
(figure 3.3c). Upon stimulation, we observed an increase in motility within

domains of LsingleIFN
I2 = 116 ± 11nm, characterized by a diffusion coeffi-
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Figure 3.3: a) Fraction size for Ifnar2 expressed in high excess respect to Ifnar1
(green bars) and at stoichiometric concentration with Ifnar1(red bars), both before
and after stimulation with 5 nM IFNα2. In absence of Ifnar1, a decrease in fraction
size of ∼ 10% is observed. In both cases, upon stimulation there is not a significant
difference in fraction sizes. b)Mean square displacement of Ifnar2 in excess respect
to Ifnar1. Top: fast fraction. Without stimulation: full circles. Upon stimulation
with 5 nM IFNα2: full triangles. Both before (solid line) and after stimulation
(dotted line) the data are best fitted with a confined diffusion model (see eqn.3.2).
Bottom: slow fraction. Without stimulation: empty circles, Ifnar1 black, Ifnar2
red. Upon stimulation with 5 nM IFNα2: empty triangles.

cient DsingleIFN
I2 = 0.006 ± 0.001µm2, as depicted in figure 3.3. As for the

fast moving population, these results resemble closely what was observed
previously in the presence of Ifnar1.

3.3.4 Ifnar1 mobility in absence of Ifnar2

HeLa cells were transiently transfected with a plasmid encoding only for
Ifnar1-eYFP-∆IC. This resulted in cells expressing a high excess of Ifnar1
compared to the endogenous level of Ifnar2 present in HeLa cells (around
500 receptor subunits). Measurement were performed in both unstimu-
lated and stimulated cells. As observed for the previous experimental con-
ditions, the probability function was best fit by a two-population model.
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In analogy to the results obtained for Ifnar2, the mobility of Ifnar1 when
expressed in higher concentration with respect to Ifnar2 was greatly dif-
ferent from the case when the receptor components were expressed at a
1:1 ratio.

As illustrated in figure 3.4 a, the total amount of diffusing receptor in-
creases, from αI1 ∼ 54% to αsingle

I1 = 71±1%. Upon stimulation with 5 nM
IFNα2, the total amount of fast diffusing receptor was unchanged, yield-
ing αsingleIFN

I1 = 75 ± 3%. Surprisingly, the mobility of Ifnar1 expressed
in high excess resemble closely the one of Ifnar2 when expressed in high
excess: as illustrated in figure 3.4 b. Before stimulation the subunits are
confined in domains of size Lsingle

I1 = 389 ± 5nm, characterized by a diffu-

sion coefficient Dsingle
I1 = 0.52 µm2/s. Due to the lack of data points at

time lags shorter than 67 ms, the diffusion coefficient had to be taken as
fixed parameter in the analysis. Upon stimulation with 5 nM IFNα2, the
receptor subunits are no longer confined into small domains, but rather
diffuses into much larger domains, with size LsingleIFN

I1 = 630±50nm, with

a diffusion coefficient DsingleIFN
I1 = 0.238 ± 5 µm2/s. The slow fraction of

Ifnar1 is, on the other hand, both before and after stimulation below the
positional accuracy, indicating it is immobile or characterized by a diffu-
sion coefficient too slow to be observed with our technique. It is worth
to note, that although Ifnar1 behavior under these experimental condi-
tions (absence of Ifnar2) strongly resembles the mobility of Ifnar2 under
the same conditions, the changes observed are the opposite of what was
observed when the receptor’s components were present at stoichiometric
concentration. Thus, taken together, these results suggest that in living
cells differential stoichiometry between receptor components influence the
mobility and the lateral organization of the subunits.

3.4 Discussion

The mechanism of type I Interferon receptor assembly has been extensively
studied in the past years in vitro, yielding to a two-step ligand-induced re-
ceptor assembly model (6). Moreover, these studies highlighted the role of
absolute and relative concentration of the ECD of the receptor subunits
in ternary complex assembly on model membrane. However, how this
process happens in living cells is still poorly understood. In this work we
studied in detail the mobility of interferon receptor subunits, Ifnar1 and
Ifnar2, in living HeLa cells by means of single molecule microscopy. We
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Figure 3.4: a) Fraction size for Ifnar1 expressed in high excess respect to Ifnar2
(olive bars) and at stoichiometric concentration with Ifnar2(black bars), both be-
fore and after stimulation with 5 nM IFNα2. In absence of Ifnar2, a decrease in
fraction size of ∼ 10% is observed. In both cases, upon stimulation there is not
a significant difference in fraction sizes. b) Mean square displacement of Ifnar1
in excess respect to Ifnar2. Top: fast fraction. Without stimulation: full circles.
Upon stimulation with 5 nM IFNα2: full triangles. Both before (solid line) and
after stimulation (dotted line) the data are best fitted with a confined diffusion
model (see eqn.3.2). Bottom: slow fraction. Without stimulation: empty circles,
Ifnar2 black, Ifnar1 red. Upon stimulation with 5 nM IFNα2: empty triangles.

gained insight into the parameter characterizing the mobility of each sub-
unit, as well as information on their lateral organization in the membrane
of living cells. The role of the actin cytoskeleton in the lateral organization
of Ifnar and the effects of stimulation with IFNα2 were also analyzed.

Initially we studied the mobility of the two subunits expressed at sto-
ichiometric concentration, 1:1 Ifnar1-ECD:Ifnar2-ECD, revealed the pres-
ence of two distinct populations of diffusing receptor components: a fast
one, comprising the majority of the receptors (60-70%), whose motion is
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confined in large domains of ∼700 nm, and a slower one, accounting for
30-40% of the receptor subunits, organized into smaller domains, ranging
in size from ∼ 150 to 200 nm in size. The diffusion coefficients of the
fast and slow fractions are in agreement with what observed previously
for other membrane-anchored proteins (14). The segregation of recep-
tor components in membrane domains has been previously suggested as
a possible mechanism for increasing locally the concentration of Ifnar1
and Ifnar2, thus accounting for the high efficiency observed in subunits
recruitment upon stimulation (4, 7). However, the association of the re-
ceptor subunits with lipid microdomains has been observed only through
biochemical studies (11–13), particularly for type II interferon receptor
subunits. Co-precipitation experiments showed that Ifnar1 is found in
caveolae-like microdomains, which plays a fundamental role in nuclear
translocation and in the early stages of interferon signaling. However, up
to date, direct observation of confinement in these domains has not been
reported(13). Given the small size of caveolae, ranging from 60 to 150 nm,
as illustrated in (14), it is suggestive to identify the slow diffusing frac-
tion with the caveolae-associated receptors. The work of Marchetti (11)
showed how upon IFNα2 binding the amount of Ifnar1 in detergent resis-
tant membrane did not increase. This is consistent with the observation
in our results that the fraction size remains unchanged upon stimulation.
However, our experiments were able to show an effect on the mobility of
Ifnar1-ECD upon stimulation with IFNα2 which was not possible to ob-
serve previously. Although the absence of the ICD makes unlikely that the
effect observed is caused by phosphorylation of Ifnar1, the increase in dif-
fusion coefficient and confinement size could be due to the IFNα-induced
recruitment of STAT2 to Ifnar1 (1). Interestingly, in Ifnar2 mobility we
did not observe any change upon IFNα2 stimulation.

The confinement size of the fast fraction, instead, is too large to be
originating from lipid-domain association. Since previous work suggested
an association with the actin cytoskeleton for the receptor subunits of
type II interferon receptor, we investigated whether the actin cytoskele-
ton was responsible for the large domains we observed. Indeed, depletion
of F-Actin by administration of LatA to cells, partially confirmed our
hypothesis: upon actin disruption, Ifnar2 but not Ifnar1, began to dif-
fuse according to Brownian motion, with an increased diffusion coefficient
DLatA

I2 = 0.8 µm2. Although the mobility of the fast fraction of Ifnar2
is deeply affected by LatA treatment, neither the size of the population
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nor the mobility of the slow fraction are changed by toxin application,
supporting the identification of the slow fraction with caveolin-associated
receptor. Thus, these results support the hypothesis that interaction with
different membrane components is responsible for the biphasic behavior
observed. In the work of Cruz et al. (16), it was reported how modifi-
cation and truncation of the intracellular domain of IFNγ-R1 abrogated
the ability of colocalization with the actin filaments. Since the receptor
subunits are lacking the ICD, different anchoring point to the actin cy-
toskeleton could account for the differences observed between Ifnar2 and
Ifnar1 upon LatA treatment. Likewse, interaction between Ifnar1 and
downstream signaling components could also play a role in maintaining
the lateral segregation even upon actin disruption.

It is worth to note how IFNα2 stimulation also effects differently the
receptor’s subunits mobility. While for Ifnar2 no significant change was
detected, Ifnar1 mobility was largely affected by stimulation. The con-
finement size was reduced, whilst the diffusion coefficient was unchanged
within the experimental error. These observation suggests once more that
the confinement observed for Ifnar1 is due to interaction with downstream
signaling components, such as STAT1, and not to association with the
actin cytoskeleton.

Cross-correlation experiments confirmed that there is no pre-association
of the ECD of the two subunits, although a minimal level (∼20%) of pre-
coupled complexes was detected.

Finally, we assessed the role of the relative concentration for the lat-
eral organization and mobility of the receptor subunits. Works from the
group of Piehler (5–7), showed the influence of the relative and absolute
concentration of the Ifnar1-ECD and Ifnar2-ECD on ternary complex as-
sembly and stability in solid supported membrane. It was suggested that
the differential responsiveness to IFNs is modulated by the concentration
of Ifnar1. If its concentration is too low, the recruitment into the ternary
complex is highly inefficient due to the low affinity for IFNα. Here, we
compared the mobility of Ifnar1-ECD and Ifnar2-ECD expressed in higher
excess respect one another with the 1Ifnar1-ECD:1 Ifnar2-ECD stoichiom-
etry experiments. In both cases, the high excess of one subunit induces
a change in its mobility, and the results for single Ifnar1 and single If-
nar2 are strikingly similar. Before stimulation the receptor subunits are
confined in domains smaller (L ∼ 400nm) than in the stoichiometric case.
The decrease in domain size is associated with an increase in diffusion
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coefficient (D=0.52 µm2/s) for Ifnar2. Upon stimulation, we observed an
increase in confinement size (L ∼ 630 − 700nm), and a corresponding de-
crease in diffusion coefficient for both subunits (D ∼ 0.25 µm2/s). While
for Ifnar1 the slow fraction is (both before and after stimulation) below
the positional accuracy, for Ifnar2 we observe an increase in mobility upon
stimulation. Taken together with the results from cross-correlation exper-
iments, these findings suggest that although there is no pre-coupling of
the receptor subunits, a transient interaction in the plane of the mem-
brane might play a role in maintaining the lateral organization of receptor
components.

In conclusion, we show that interactions between receptor subunits,
their relative stoichiometry, and different membrane components are fun-
damental for maintaining the lateral organization of components in the
membrane. It is highly likely that the lateral organization is of utmost
importance for a faithful and efficient complex assembly in interferon sig-
naling.
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