Supplementary Note 1.

Cell-cell fusion assay. CHO cells (a gift from J. M. Coffin) were grown in Ham’s F-12 medium
supplemented with 10% fetal bovine serum (FBS) at 37°C in the presence of 5% CO?2, except
where noted otherwise. Cells were not tested for Mycoplasma contamination. Plasmids pPEP9S,
pPEP99, pPEP100, and pPEP101 encode HSV-1 (strain KOS) gB, gD, gH, and gL genes,
respectively, in a pCAGGS vector and were gifts from P. G. Spear. Plasmids pCAGT?7 (carrying
the T7 polymerase gene) and pT7EMCLuc (carrying the firefly luciferase gene) were also gifts
from P. G. Spear. Plasmid pSC386 carrying the herpesvirus entry mediator (HVEM) gene and
the pCAGGS vector were gifts from G. H. Cohen and R. J. Eisenberg. Cell fusion was measured
by using the luciferase assay?’. CHO cells were seeded into 6-well and 24-well plates and
transfected the next day at 70-90% confluence using Lipofectamine 2000. Target cells in the 6-
well plate were transfected with 1.6 ug pSC386 (HVEM) DNA and 0.4 pg pT7EMLuc (firefly
luciferase) in 1 ml Optimem with 5 pl Lipofectamine 2000 per well. Effector cells in 24-well
plates were transfected with 80 ng each pCAGT7 (T7 polymerase), pPEP99 (HSV-1 gD),
pPEP100 (HSV-1 gH), and pPEP101 (gL), plus 80 ng of either pPCAGGS (empty vector),
pPEP98 or pRC30 (WT HSV-1 gB), or a single cysteine gB mutant in 200 pl Optimem and 1 pl
Lipofectamine 2000 per well. After 4 hours, the target cells were washed with phosphate-
buffered saline (PBS), treated with trypsin, and co-cultured with effector cells at a 1:1 ratio for
16 hrs. Cells were then washed with 1 ml PBS per well and lysed with 200 pl/well of 1x lysis
buffer (Promega) and either frozen at -80°C and assayed at a later time or assayed immediately.
Luciferase production for each sample was assayed by measuring luminescence on a BioTek
plate reader after adding 100 pl of substrate (Promega). After the pCAGGS background was
subtracted from all samples, the light output of each mutant was expressed as a percentage of the
matched WT gB construct (pPEP98 or pRC30). Every mutant was tested in at least two
biological replicates, each consisting of three technical replicates. Values reported here represent
average fusion activity of each biological replicate relative to WT gB (100% fusion). Error bars
show one standard deviation from the biological replicate average.



Supplementary Table 1. Inter-protomer contacts in TMD and CTD
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Supplementary Table 2. Mutations and their predicted effect on structure. Interactions <4A that
may be disrupted by the specified mutation are listed in reference to “protomer B”. Mutations
identified in HSV-2 are identified with an “*”. Further residue contact details can be found in
Supplementary Fig. 5 and Supplementary Table 1. A truncation resulting from a naturally
occurring frameshift, rather than being engineered, is marked with a “#”.

Hyperfusogenic Point Mutations

Mutation Isol.ated @) or Location in the CTD Possible effect on the
Engineered (E) structure
R796C? E TMD, next to R800, may | Elimination of basic charge
interact with headgroups and possible disruption of
membrane interactions
R80OOW? E TMD, next to R796, may | Elimination of basic charge
interact with headgroups and possible disruption of
membrane interactions
P8OSA*3 E start of hla, invariant Disruption of hl structure
residue and thus h1/h2 and h1/tmd
packing
Y810A*3 E follows hla, sc makes HB Disruption of HBs at the
with sc of S854 and mc of h1/h2 interface
MS850 in C
T813I2 E h1b, sc has numerous weak | Disruption of h1/h2 packing
interactions with h2 of A
and C
L817H* or I/E end of hlb Unclear
L817P° or
E816/L.817
2aa insertion®
D836A*3 E h2, conserved among Unclear, possible decrease in
alphas, contributes CTD base negative charge,
negative charge to the disruption of h1/h2 packing,
inner face, sc makes HBs and h1b to h2 linker
to A838 and K839 in B. structure
Y849A*7 E h2, sc makes HB with mc Disruption of HBs at the
of D834 and mc of D836 in h2/h2 interface
C
V853A%*3 E h2, sc makes hydrophobic | Disruption of h1/h2 packing
contacts with h1 region of
A and h2 of C
S854F8 I h2, sc makes HB with sc of Disruption of HBs at the
Y810 of A and weak h1/h2 interface
interactions with hla of C
AB55V+? 1 h2, no contacts of note Unclear, potential increase
in hydrophobicity
E857D*10 I h2, sc makes HBs with mc Disruption of HBs at the




of L812 and T813 of A h1/h2 interface
R858HS!! or I/E h2, poor density for sc,sc | Elimination of basic charge
R858C? makes weak interactions and possible disruption of
with tmd-h1la connector of membrane interactions,
C, may interact with disruption of h2/TMD/h1
headgroups interface
T859p*12 I h2, no contacts of note Proline would disrupt the h2
helix thereby disrupting
h1/h2 and h2/tmd packing
K864A/K865 E C terminus of h2, may Elimination of basic charge
A/K866A" interact with headgroups and possible disruption of
membrane interactions

Limited surface expression mutations

Mutation Isol.ated @) or Location in the CTD Possible effect on the
Engineered (E) structure
L801A*3 E TMD, faces CTD symmetry | Disruption of tmd/h1 and
axis, mc interacts with hla of threefold tmd
C and sc interacts with interactions
equivalent residues on A and C
MBO6A*3 E hla, faces CTD symmetry Disruption of h1/h1 and
axis, sc contacts hla-hlb h1/h2 interactions
connector of C and h2 of A
L809A*3 E hla, faces CTD symmetry Disruption of h1/tmd and
axis, contacts tmd and hla of h1/h1 interactions
A
P811A*3 E precedes h1b, invariant residue Disruption of h1
structure and thus h1/h2
packing
MB46A*3 E h2, faces CTD symmetry axis, | Disruption of threefold
sc interacts with equivalent h2 interaction
residues on A and C
L852A*3 E h2, no known contacts Unclear
Slow rate-of-entry mutation
Mutation Isol.ated @) or Location in the CTD Possible effect on the
Engineered (E) structure
A851V? I h2, mc and sc interact weakly Stabilization of h1/h2
with hla and h1b of C packing




C-terminal truncations

Mutation | Expression gB-null virus Fusion Possible effect on
P complementation phenotype the structure
HSV-1 . Loss of h1b, h2, and
gB810°¢ ND No No fusion h3; loss of CTD core
HSV-1 . Loss of h2 and h3;
gB838¢ ND No Nofusion 1 ifolded CTD core
HSV-1 Loss of h2 and h3;
gB840' ND No ND misfolded CTD core
HSV-1 Loss of h3, partial
B84 ND No No fusion loss of h2; misfolded
& CTD core
HSV-1 .
¢B85155 |  Reduced/ No/ Nofusion/ | | 0% 0r S partal
HSV-2 Reduced No No fusion ’
B8517 CTD core
HSV-1 ND/ Loss of h3, partial
gB855M ND/ No/ Syneviial loss of h2; misfolded
HSV-2 SWT Poor oo o .| CTD core in HSV-1
gB8557 P & but not HSV-2
HSV-2 Syncytial, Loss of h3, partial
gB8587 >WT Yes hyperfusogenic loss of h2
HSV-1 Loss of h3, partial
oaB8636 ND Yes Reduced loss of h2
HSV-2 Syncytial,
gB8667 >WT Yes hyperfusogenic Loss of h3
g]glgs 6\;‘%" p WT ND Hyperfusogenic Loss of h3
ggg;g 1% p WT ND Syncytial Loss of h3
HSV-2 Syncytial,
gB8747 >WT Yes hyperfusogenic Loss of h3
HSV-1 Syncytial, .
gB876+16 WT Yes hyperfusogenic Partial loss of h3
HSV-2 Syncytial, .
aB879" >WT Yes hyperfusogenic Partial loss of h3
HSV-2 . Loss of unstructured
B384 >WT Yes hyperfusogenic C terminus
HSV-1 Loss of unstructured
gB888!6 ND ND WIT C terminus
HSV-2 Loss of unstructured
gB8947 WIT Yes WIT C terminus
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