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Fig. S1. gSMLM approach. From the time series TIRF PALM image stacks of the cell membrane
expressing photoactivable mEos3.2 fluorescent protein (top left), a super-resolved image (top
middle) with localization data is generated. Individual clusters from the super-resolved image are
selected and following spatio-temporal grouping, fluorescence bursts from individual cluster is
extracted as a function of time (top right). The blinking events (fluorescence bursts minus one)
from the clusters are plotted as a histogram (bottom right) to obtain the distribution of the blinking
events. The distribution is then approximated with model functions to determine the oligomeric
state of the proteins complex tagged with mE0s3.2 (bottom left).



o

o
o
w

bt
%)

Probability (%)

e

Probability (%)

0
001 2 3 4 5 6 7 8 9 1011 12 13 14 15 01 2 3 4 5 6 7 8 9 1011 1213 14 15

N blinks N biinks

C +VB17F

Ladder  wt VE17F R683S  I559F F595A
Epo (10U) -+ - F - + -+ -+
180 kDa |

O

@
i

1okpalwes M eemmns. B W AR

B~
1

Receptor density / um?

[N
L

of fH @ 8
o8 ol $o

116 kDa |mess D R R R B

8

o Co
2 (0]
180 kDa [ g%% 0%
JAK2 HA o] %
§o°8° o ¥ ,
L]
wt

o

L] L] L] L] L] L]
V617F R683S I559F F595A CD86 CTLA4

wt
+E|
. po +V617F T Eos32
E EpoR-mEos3.2 + JAK 2 tagged

App. FRET efficiency

0
wt wt I559F F595A

+VB617F
+Epo

Fig. S2. Calibration of gSMLM. Analysis of the distribution of blinking events in y2A FIpIN
TetON cell line stably expressing (A) the CD86 receptor (monomer control) and (B) CTLA4
(dimer control). By fitting the CD68 blink distribution, we calculated the parameter p that
describes the fraction of molecules which did not blink (p = 0.52). The CTLA4 blink distribution
was fitted according to a dimer fit function, resulting in the value q = 0.31 (fraction of undetected
proteins) which translates to the detection efficiency of d = 0.69. (C) Capillary-based immunoblot
showing JAK2 activation in Epo-induced stimulation in y2A cells stably expressing the EpoR-
JAK constructs used in gSMLM. (D) Receptor density analyzed using the DBSCAN-based
analysis from cells used for gSSMLM analysis. Each data point represents the analysis from one
cell with 10 cells measured for each condition. (E) FRET data showing enhanced EpoR
dimerization upon Epo stimulation in both wildtype and V617F suppression mutants, suggesting
restoration of wild-type behavior in these V617F suppression mutants. Error bar represents
standard error and a minimum of 40 cells were analyzed for each condition.
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Fig. S3. Cell membrane localization of EpoR-mEos3.2 stably expressing in y2A FlpIn TetOn
cells. (A) Lack of cell membrane expression, due to continuous internalization resulting from Epo
stimulation, can be observed (the smaller image on the right-hand side is an inset from the boxed
region). (B) Lack of membrane localization similar to Epo-stimulated cells can be observed with
JAK?2 constitutively active mutants (V617F and R683S) in normal culture conditions (37 °C). The
membrane localization was restored in constitutively active mutants by culturing the cells at 30 °C
after protein induction (images on the right side). Bottom image shows the lack of EpoR membrane
localization in the absence of JAK2. As opposed to JAK2 activating mutants, the membrane
expression is not restored in these cells even after culturing at 30 °C showing that JAK2 is
necessary for EpoR membrane localization. (Scale 100 um, boxed region 20 pum).
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Fig. S4. Change in FRET with cells expressing different levels of EpoR FRET pair expression
versus the control FRET positive FRET pair. The x-axis represents expression levels based on
the YFP expression which is independent of FRET. Expression levels are normalized, where
“Low” represents a fraction from 0 to 0.25, “Medium” is a fraction from 0.25 to 0.5, and “High”
is a fraction from 0.5 to 1. The dotted lines represent the rate of change of FRET efficiency. An
increased rate of changes can be observed in the EpoR FRET pair. The error bar represents
standard error. A minimum of 10 cells were analyzed for each condition. The change in FRET
response between different receptor expression levels was observed to be significantly higher than
the change in FRET response of a control FRET pair. This indicated that the receptor undergoes
dimerization on increasing the expression level and provided us with a confirmation that the
response from FRET reporter is primarily due to the change in oligomerization level rather than
from structural dynamics occurring in a pre-dimerized receptor/JAK2 complex. The increased
FRET observed at higher EpoR/JAK2 expression levels indicated that the dimerization data
obtained from higher receptor expression levels are due to overexpression-induced
oligomerization and do not represent a physiological state of the cell. Therefore, we chose to
restrict our analysis to cells expressing only low levels of receptor.
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Fig. S5. R683S mutation affects the catalysis rate constant Kcat but not the ATP Km. (A)
Michaelis-Menten curves from kinase assay with ATP titration. Data presented are relative to
maximum reaction velocity of WT. (B) Catalysis rate constant (Kcat) of mutants relative to WT
calculated from ATP titrations. (C) The apparent Km of mutants for ATP relative to WT. All data
(A-C) is derived from 3 to 4 independent experiments and error bars represent the standard
deviation (A) or standard error (B-C). Stars indicate statistical significance calculated using
Welch’s t test in comparison to WT: *, p< 0.05; **, p<0.01; *** p<0.001; **** p<0.0001.
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Fig. S6. JAK2 JH2 domain interface. (A) Stabilization of JAK2 JH2 V617F (PDB ID: 6D2I)
interface by hydrogen bonding (black dotted lines) and salt bridges (yellow dotted lines). (B)
Superposition of JAK2 JH2 V617F and JAK1 (PDB ID: 7T6F). Blue (JAK2) and brown (JAK1)
monomers were superposed (RMSD = 1.375 A for the aligned Ca atoms). Differences in the dimer
orientation can be seen from the non-aligned monomers across the interface (green and cyan for
JAK?2 and JAK1, respectively). (C) Aromatic stacking at the dimer interface of JAK2 JH2 V617F
(PDB ID: 6D2I). (D) Dimer interface of JAK1 (PDB ID: 7T6F) displaying a looser packing of the
interface. (E) Superposition of JAK2 JH2 and JAK1 JH2 dimers displays the tighter packing of



the interface in the JAK2 structure. (F) Time-resolved evolution of the fraction of native contacts
in simulations of the K539L dimer. Native contacts (cutoff 4 A) are heavy atom contacts between
two monomeric chains of the dimer that are present in the reference crystal structures of V617F
(solid lines) and K539L (dashed lines) variants. A value of 1.0 for the fraction of native contacts
in V617F indicates 100% native contacts at the beginning of the simulation. The results of different
simulation replicas are shown in different colors. (G) Root-mean-square deviation (RMSD) over
all replicas as a function of simulation time for the K539L dimer variant with respect to the K539L
dimer crystal structure used as the reference. Protein backbone RMSD over the trajectories was
sampled every ns and presented as exponential moving averages with a 20 ns window. Replica
trajectories are marked with different colors.
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Fig. S7. Free-energy (AGMMGBSA) values of JAK2 JH2 dimerization based on MMGBSA
calculations. The data are presented for the ATP-free and ATP-bound (marked with “ATP-
bound”) dimeric variants of JAK2 JH2. For details of the MMGBSA calculations, see Methods.
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Fig. S8. Structural characterization of JAK2 R683S and 1559F mutants. (A) Superposition of
JAK2 JH2 R683S (pink) with JAK2 JH2 (cyan, PDB ID: 4fvp). No major structural changes are
induced by the mutation. (B) JAK2 JH2 R683S / JAK2 JH2 and JAK2 JH1 (magenta) were
superposed to the JH2 and JH1 domains of TYK2 structure (PDB ID: 4oli), respectively. The
image shows the putative salt bridge (black dotted lines) between Asp873 of the JH1 domain and
R683 of the wild-type JH2 domain. Mutation of R683 to G/S abolishes the interaction and
destabilizes the autoinhibitory conformation. (C) Superposition of JAK2 JH2 1559F (pink) with
JAK2 JH2 (cyan, PDB ID: 4fvp). No structural changes are induced by the mutation. (D) The
figure shows the ATP pocket of JAK2 JH2. No structural changes are induced to the ATP-pocket
by the I559F mutation when compared to the wild-type JAK2 JH2. (E) Superposition of JAK2
JH2 1559F (pink) with the JAK2 JH2 — ATP complex (cyan, PDB ID: 4fvq). The F559 mutant
clashes with ATP, indicating that it is not competent in binding ATP.
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Fig. S9. Atomistic MD simulations of full-length AlphaFold2 models for JAK2-V617F and
JAK2-K539L dimers. Panels (A) and (B) display snapshots of JH1 domains of JAK2-V617F and
JAK2-K539L dimers captured at trajectory lengths of (A) 0 ns and (B) 1000 ns, respectively. The
distance between the centers of mass for JH1 domains is denoted as djn1. (C) The distance djH1
presented across all trajectories, with distance lines representing running means + running standard
deviations. Panel (D) features the same information as panel (C) but displayed as a ridgeline
density plot for specific time subsets of the simulation.



Table S1. Comparison of JAK2 V617F and K539L dimer interfaces. The analysis
was performed with PDBsum (83).

A 776

V617F B 781 77 2 2
A 920

K539L B 327 109 11 2
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Table S2. Simulated systems.

(K539L, 34-1132)

484)

FEL | JAK2IH2/IHZ (W1, 536-808) | (30700 | 15 %450 Free energy
_— %ﬁgz JH2/JH2 (V617F, 536 Z221927,0208) 15 x 450 Free energy
cE3 %ﬁgz JH2/JH2 (K539L, 536 Zzzfz,ﬁzos) 15 x 450 Free energy
cEa é@ﬁg (J)l;)z/JHz (V617F/F595A, Z221927,6208) 15 x 450 Free energy
- é,gg (J)I;)Z/JHZ (V617F/ES92R, Zzzc?gzoS) 15 x 450 Free energy
EQ1 JAK2 JH2/JH2 (wt, 536-808) ;‘112)7 3215, | 4 x 1000 Equilibrium
£02 ;ﬁgz JH2/JH2 (V617F, 536— ;112)16 (215, | 4+ 1000 Equilibrium
£03 ;ﬁgz JH2/JH2 (K539L, 536— ;4112)35 @17, | 4 1000 Equilibrium
o é,gé% cJ)g)z/JHz (V617F/F595A, ;112)18 (215, | 4+ 1000 Equilibrium
£Q5 %,2228 (J)g)z/JHz (V617F/E592R, ;4112)31 L | 4 1000 Equilibrium
£Q6 g,ggz JH2/JH2 (1559F, 536 ;ﬁ)ﬂ 15, | 4% 1000 Equilibrium
£Q7 fs?ﬁa (J)I;)Z/JHZ (V617F/I559F, ;ﬁ)zs (215, | 4+ 1000 Equilibrium
£08 m}(é ;(SH—%/E)JSZ ATP-bound 218)76 (218, | 35 1000 Equilibrium
S el ol
O i Il e
el R
il 1 e il
EQ13 JAK2 full-length dimer 170707 (490, 3 x 1000 Equilibrium




Table S3. Data collection and refinement statistics.

JAK?2 JH2-K539L

JAK2 JH2-R683S

JAK2 JH2-1559F

(PDB code 8C08) (PDB code 8C0A) (PDB code 8C09)
Data
Beam line Diamond 103 Diamond 103 Diamond 103
Wavelength (A) 0.97625 0.97625 0.97625
Space group P4 P1 P21212;
Cell dimensions
a, b, c(A) 46.84, 46.84, 309.32 45.98, 56.69, 60.62 48.87, 53.19, 99.45
a, B,y (°) 90.00, 90.00, 90.00 89.90, 79.58, 71.31 90.00, 90.00, 90.00
Resolution (A) 77.37-2.20 (2.27-2.20) 59.51-1.70 (1.80-1.70) 53.19-1.90 (2.01-1.90)
CCu2 (%) 0.999 (0.574) 0.997 (0.500) 0.997 (0.432)
ol 13.6 (1.2) 7.44 (1.07) 7.89 (0.84)
Rmerge 0.141 (2.466) 0.057 (0.749) 0.182 (2.324)
Completeness (%) 100 (99.7) 95.0 (94.2) 100 (99.9)
Redundancy 14.2 (14.2) 1.8 (1.8) 6.4 (6.6)
Refinement
Reflections 33587 119304 39505
Ruwork/Riree 0.230/0.259 0.194/0.238 0.221/0.257
RMSD of bond lengths (A) 0.002 0.020 0.004
RMSD of bond angles (°) 0.515 1.523 0.526
B-factors (A2?)
Protein 56.67 30.58 38.80
Waters 51.40 35.78 39.39

Values for the highest-resolution shell are shown in parentheses.



File S1: MD simulation models. Initial and final system coordinates.
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