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Text S1: Correlation between MD simulations and NMR chemical shifts

Figure S1. Chemical shift calculated from MD simulations for both apo and holo vBcl2 show good
agreement with NMR determined chemical shifts. apo-vBcl2 chemical shifts of (A) Cα atoms with
NMR indicated in green solid circles versus MD indicated in black solid lines, and (B) N atoms;
(C)-(D) represent the corresponding chemical shifts for holo-vBcl2. Error bars (indicated as gray lines)
show the overall variation observed from the 1 µs simulations.

In order to assess the quality of our simulations, we compared the chemical shifts determined from
our MD simulations (see Methods and Materials) with experimental NMR chemical shift values. As
shown in Figure S1, there is very strong correlation between the experimental NMR chemical shift values
and MD-determined chemical shifts for both 15N (correlation co-efficient ρ of 0.93 and 0.96 for apo- and
holo- vBcl2 respectively; Figure S1A and B) and Cα atoms (ρ of 0.87 and 0.88 for apo- and holo- vBcl2
respectively; Figure S1C and D). Similar to previous reported studies [7], the agreement in the chemical
shift values between the experimental and computational ensembles suggests that the overall quality of
these simulations can be trusted for further analysis.

As an additional point of reference, we also compared the root-mean squared fluctuations (RMSF)
from the X-ray determined structure (3DVU) and the MD simulations (see Supporting Figure S2) and
noted a strong similarity in the fluctuations observed in the flexible regions (correlation coefficient of
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0.76). Taken together, these data suggest that the MD simulations adequately capture the overall behavior
of the vBcl2 both in its apo- and holo- states.
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Figure S2. Chemical shift calculated from MD simulations for both apo and holo vBcl2 show good
agreement with NMR determined chemical shifts. apo-vBcl2 chemical shifts of (A) Cα atoms with
NMR indicated in green solid circles versus MD indicated in black solid lines, and (B) N atoms;
(C)-(D) represent the corresponding chemical shifts for holo-vBcl2. Error bars (indicated as gray lines)
show the overall variation observed from the 1 µs simulations.
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Figure S3. Partial unfolding of α in the apo-2ABO in the absence of BECN1 within the binding
site. Secondary structural transitions in the microsecond time-scale (A) 2ABO-apo and (B) 3DVU-holo
simulations summarized as a time-course using the DSSP plug-in within Visual Molecular Dynamics
(VMD) software. The colors highlighted in the time-series are based on secondary structural content:
green depicts hydrogen-bonded loops/turns; yellow highlights extended β-strands; gold depicts a
residue in an isolated bridge; magenta highlights residues in α-helices; blue shows α3−10-helix and
white highlights coil. The red rectangle shows significant conformational transitions in α2, with
coil-to-loop unfolding transitions within the core hydrophobic residues in α2.
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Text S3: Analysis of binding pocket volumes in apo- and holo-M11 simulations

Figure S4. Binding volume of M11 BH3D binding pocket increases upon unfolding of α2. (A) The
pocket selected for analysis spans the entire BH3D binding site within M11. This pocket site is depicted
using orange spheres. (B) Time evolution of binding pocket volume as calculated using fpocket suite of
tools. In the apo-M11 simulations (black and orange lines for 2ABO-apo and 3DVU-apo respectively)
note that the volume is significantly lower compared to the holo-M11 simulations (green); however,
when after partial unfolding of α2 (especially, in the last 0.4 µs of the simulation), the binding volume
increases to about 600 Å3. On the other hand, in the 3DVU-apo simulations, no such unfolding is
observed, leading to a larger constriction of the binding site.

We used the fpocket [6] suite of tools to assess the volume changes for the binding cleft in our M11
simulations. The binding pocket was identified by using the PDB files for the apo-M11 (2ABO) and
holo-M11 (3DVU) structures. We defined the binding pocket to consist of the overlapping spheres from
the apo- and holo-M11 structures (Figure S4A). This binding pocket captures all of the regions where
the BECN1 BH3D interacts with M11. Using the mdpocket plug in, we then calculated the temporal
evolution of the binding site’s total volume over the course of the microsecond time-scale simulations. As
shown in Figure S4B, the apo-M11 simulations (both 2ABO-apo and 3DVU-apo) states show a relatively
low volume ranging between 200 Å3 and 600 Å3. Notably, the 3DVU-apo simulation volumes are
considerably lower than the 2ABO-apo simulation over the last 0.5µs, indicating a substantial packing
amongst the residues in M11. Interestingly the last 0.4 µs of the 2ABO-apo simulation also shows a
larger binding volume when the α2 helix undergoes partial unfolding (see Figure S3A).
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Figure S5. Mutating M11 with Tyr56Ala makes the apo-M11 more flexible, but does not affect the
holo-M11 state. (A) RMSF from the Tyr56Ala simulation for the apo-M11 indicates a higher flexibility
across α2 (dotted black line) compared to the wild type simulations (solid black line). Comparing the
wild type holo-M11 (gray solid line) to the mutated holo-M11 indicates slight differences in the RMSF,
but recapitulates the observed degree of fluctuations (solid gray line). The secondary structure is
highlighted in green for reference. (B) The network of hydrophobic interactions is highlighted to show
regions affected by the mutation.
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Table S1

M11 con-
structs

Kd (µM) Ka (1/M ) ∆H (kJ/mol) ∆G (kJ/mol) ∆S (J/K . mol) Average distance to
binding site (Å)

F79A 2.20 ± 0.03 4.6 ± 0.06E6 −36.86 ± 0.32 −31.10 ± 0.01 −20.04 ± 1.14 10.3
Y97A 1.13 ± 0.31 0.92 ± 0.21E6 −45.78 ± 3.47 −32.8 ± 0.67 −45.21 ± 12.2 12.9
L103A 2.40 ± 0.05 4.17 ± 0.93E5 −49.90 ± 12.61 −30.90 ± 0.07 −66.17 ± 43.70 20.9
M119A 1.90 ± 0.09 5.27 ± 0.25E5 −50.74 ± 3.79 −31.13 ± 0.48 −68.36 ± 14.89 16.1
L128A 0.90 ± 0.13 1.12 ± 0.16E6 −53.79 ± 1.58 −33.25 ± 0.34 −71.58 ± 6.69 16.2

Mutations to residues far away from BH3D binding site that do not substantially impact binding of the BH3D.
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Text S4: Preliminary sequence and structure based analysis of viral BCL2 homologs

A pure sequence-based analysis across the vBCL2 homologs with known X-ray crystallographic struc-
tures does not provide sufficient insights into the consensus of hydrophobic interactions in the protein.
As shown in the alignment, it is quite clear that the sequences share very little homology as observed
from the relatively low sequence similarity profiles. Notably, many of the sequences do consist of par-
tially conserved hydrophobic residues that are located along the sequence. However, structural analysis
of the selected vBCL2s shows that these hydrophobic residues are spread around the entire 3D structure
of the proteins that form this network showing a consistent pattern of interactions along α2, α3, α5−7.
It is important to note that the lengths of the α−helices across the vBCL2s are different and therefore
any sequence alignment based approach cannot fully account for such potential similarity that arises as
a consequence of the structural organization.
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Figure S6. Sequence alignment of vBCL2s for which 3D structures are available in the PDB. The
sequence of vBCL2s are poorly conserved, and meaningful alignment of sequences is further
complicated by the substantial variation in the size of helices and loops comprising each protein.
Despite this, some of the residues forming the allosetric hydrophobic network within M11, as identified
in this study, appear to be weakly conserved across the different vBCL2s. We used Clustal Omega [8]
and Jalview [9] to generate and view the sequence alignments respectively.
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Figure S7. Structure-based sequence analysis of vBCL2 homologs reveals the presence of a
network of hydrophobic interactions across each protein. (A) vBCL2 used in this study, M11 from
murine γ-herpesvirus 68 viral BCL2 homolog (PDB ID 2ABO); (B) vBCL2 homolog from Kaposi’s
Sarcoma herpesvirus (PDB ID 1K3K [3]); (C) BHRF1 (BCL2 homolog) protein from Epstein-Barr
Virus (PDB ID 1Q59 [5]); (D) Vaccinia virus N1 protein (PDB ID 2UXE [2]); (E) Myxoma virus BCL2
homolog (PDB ID 2JBY [4]) and (F) Vaccinia virus N1L protein (PDB ID 2I39 [1]). In each of these
proteins, we highlight a network of hydrophobic interactions spread throughout the protein structure,
that represent a consistent pattern of interactions along α2, α3, α5 − 7.


