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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6| NAMPT is a protein phosphoribosylase.

a, Phosphoribosyltransferase activity in NAD* synthesis of NAMPT wildtype
(WT), H247E and D219A that were purified from bacteria. NAMPT proteins
purified to high homogeneity were validated by Coomassie staining and shown
ontheleft. b, HSV-1titerin sgNAMPT HelLa cells reconstituted with NAMPT WT,
H247E and D219A mutants at 24 and 48 h.p.i., n = 3. Statistical significance was
calculated using two-way ANOVA. Data are presented as mean values+SD.

¢, Quantification of the total phosphoribosylated peptides normalized to the
total peptides (top panel), the total phosphoribosylated viral peptides
normalized to the total peptides and total viral peptides (2" and 3" panel from
top) inlysates of HeLa cells stably expressing wildtype NAMPT or the NAMPT-
H247E mutant, and that of the phosphoribosylated viral peptides normalized to
the total viral peptides of HSV-1virions produced from HeLa cells expressing
wildtype NAMPT or NAMPT-H247E (bottom panel). d, A list of identified
phosphoribosylated and ADP-ribosylated (only in VP22) sites within their
corresponding peptides, mapped to HSV-1 proteins. Numbers in parentheses

indicate the corresponding phosphoribosylated residues within HSV-1 proteins.
Please see Supplementary Fig. 1. e, Two-dimensional gel electrophoresis and
immunoblotting analysis of VP22 in sgNAMPT 293 T cells and those reconstituted
with NAMPT expression. f, Coomassie staining of purified GST-VP22, GST-
NAMPT, GST-NAMPT-H247E (top panel) and GST-TARG1 (bottom panel).

g, Detection of phosphoribose in reactions containing buffer, NAMPT,
NAMPT-H247E, or TARG1 by LC-MS with GST-VP22 as the substrate. h, Two-
dimensional gel electrophoresis and immunoblotting analysis of VP22-E257A in
293 T cells transiently expressing the NAMPT-H247E mutant with antibody
against V5 (VP22).i, Phosphoribose in serial dilutions was determined by LC-MS,
which serves as a standard for phosphoribose released from the NAMPT
phosphoribosylase reaction. j, The phosphoribosylase activity of NAMPT H247E
analyzed by released phosphoribose that is quantitatively determined by liquid
chromatography-mass spectrometry. Statistical significance was calculated
using unpaired two-tailed ¢-tests.
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Extended Data Fig. 7 | See next page for caption.

1234 56

gH

&

Q

g
[ o
.

-

©

(&)
. 9k

H247E W . 95 \
- 1 1
kD 100 52
A
° UL18 kD ® §
©® oW 5 3
- L .
Vector E -“b‘i '
4 . 30
i ey l
H247E | L a0 (‘
kD 52
A
o &
g ® VP16 @ w & X
- :
Vector & - ,
" { -66
- : 95 '
H247E & ‘
' ' kD 66 €6
A
ey
5 o &
1 UL19 =
® O w Yy I
Vector'! iy i -175 l
H247E * & ' l
' : kD 130 66
A
K uL47 * &
@ S o Y &
Vector v P . '. ‘
—f
H247E Y ‘ : ‘
_75 I
kD 90 66
m

extracellular

intensity%

1 2 3 4 5 6
Phosphoribosylated" Unphosphoribosylatedl

Nature Metabolism


http://www.nature.com/natmetab

Article

https://doi.org/10.1038/s42255-024-01162-0

Extended Data Fig. 7 | Phosphoribose of structural proteins promotes their
virionincorporation. a-k, Whole cell lysates of 293 T cells transiently expressing
the NAMPT-H247E mutant and HSV-1proteins, including gD (a), gB (b), gH (c),
UL21(d), UL18 (e), UL38 (f), VP16 (g), UL17 (h), UL19 (i), UL37 (j), and UL47 (k),
were analyzed by two-dimensional gel electrophoresis and immunoblotting with
antibodies to the V5 epitope (HSV-1proteins) and FLAG (NAMPT).

I-m, Two-dimensional gel electrophoresis and immunoblotting analysis of
purified intracellular and extracellular HSV-1virions (produced from sgNAMPT
293 T cells) with antibodies to gD () and quantification by densitometry of gD
species (m). Numbers at the bottom (a and 1) and on x-axis (m) indicate the gD
species with distinct charge status.
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Extended DataFig. 8 | Virion incorporation of phosphoribosylation-resistant
mutants of HSV-1proteins. a-e, Wild-type and phosphoribosylation-resistant
mutants of HSV-1 proteins, including UL37 (a), VP16 (b), UL47 (c), UL18 (d), and

UL32 (e), incorporated in extracellular HSV-1virions and expressed in HSV-1-
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infected cells were analyzed by immunoblotting with indicated antibodies. All
HSV-1proteins were tagged with either the V5 epitope (VP16, UL18 AND UL32) or
FLAG epitope (UL37 and UL47).
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Extended Data Fig. 9 | Functional characterization of phosphoribosylationin
HSV-1replication using recombinant HSV-1carrying phosphoribosylation-
resistant mutations. a, Schematicillustration of engineering recombinant
HSV-1using the bacteriaartificial chromosome (BAC) system. b, Mutations
engineered in the HSV-1genome were validated by sequencing (right panels).

¢, Mutation of gB-D66A and -A66D (revertant) in the HSV-1genome
was confirmed by sequencing. d-e, Growth curve of HSV-1 containing

I I I I
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phosphoribosylation-resistant mutants of UL46 (D439,440 A), UL47 (E636A)
(d), VP16 (D6A,E7A, D314A) and UL17 (D339A) (e) in HepG2 cells (MOl = 0.1)
was determined by plaque assays using Vero cells. f, Growth curve of parental
wildtype (WT) HSV-1and recombinant HSV-1carrying gB-A66D (revertant)

in HepG2 cells (MOI = 0.1) was determined by plaque assay using Vero cells.

Statistical significance was calculated using two-way ANOVA.
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n = 3. Statistical significance was calculated using unpaired two-tailed ¢-tests,

P<0.0001for NAMPT + HSV-1group versus NAMPT + PRPP group inNAM and
phosphoribose analysis. ND, not detected. d, Summary of biochemical and
functional characterization of the site-specific phosphoribosylation of HSV-1
proteins. Red arrows indicate the residues whose phosphoribosylation-resistant
mutations displayed significant effect on HSV-1infection. Intensity of colour
indicates the degree of effect and open circles indicate no phenotype. Statistical

significance was calculated using unpaired two-tailed Student’s ¢-tests and

two-way ANOVA analysis. Datain aand c are presented as mean values+SD.
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Primary Antibodies: Mouse monoclonal FLAG M2 (1:2000, Sigma-Aldrich Cat#: F1804; RRID: AB_259529), Mouse monoclonal V5
(1:1000, Abcam Cat#: ab27671; RRID: AB_471093), Mouse monoclonal GST (1:1000, Santa Cruz Biotechnology B-14, Cat#: sc-138),
Mouse monoclonal B-actin (1:1000,Abcam Cat#: ab8224; RRID: AB_449644), Rabbit polyclonal UL37 (1:1000, Laboratory of Pinghui
Feng), Rabbit polyclonal NAMPT (WB 1:1000,IF 1:100, Bethyl Laboratories, Inc. Cat#: A300-372A; RRID: AB_2251232), Mouse
monoclonal [3B6] to HSV1 + HSV2 ICP5 Major Capsid Protein (WB 1:1000, IF 1:100, Abcam Cat#: ab6508, RRID: AB_305530), Mouse
monoclonal HSV-1/2 gB (1:1000, Santa Cruz Biotechnology Cat#: sc-56987; RRID: AB_629626), Mouse monoclonal HSV-1 gD (1:1000,
Santa Cruz Biotechnology Cat#: sc-21719, RRID: AB_627720), Rabbit polyclonal HA (WB 1:1000, IF 1:100, BioLegend Cat#: 901501,
RRID: AB_2565006), Rabbit polyclonal V5 (1:1000, Bethyl Cat#: A190-120A, RRID: AB_67586), Mouse monoclonal VP16 (1:1000,
Santa Cruz Biotechnology Cat# sc-7545), Rabbit polyclonal VP22 gifted from Dr. Chunfu Zheng, Fujian Medical University), Rabbit
polyclonal gH antibody (1:500, gifted from Dr. Gary H. Cohen, University of Pennsylvania), Rabbit polyclonal anti-UL47 (1:500, this
study), Rabbit polyclonal anti-TGN46 (IF 1:100, Millipore Sigma Cat #: ABT95), Mouse monoclonal CD81 (1:1000,Santa Cruz, Cat#:
sc-166029), Mouse monoclonal Alix (1:1000, Santa Cruz, sc-53540), Mouse monoclonal CD63 (1:500, BD Pharmingen, Cat#: 556019,
RRID: AB_396297), Rabbit monoclonal Calnexin (1:1000, Cell Signaling, C5C9, Cat#: 2679, RRID: AB_2228381)

Secondary antibodies: IRDye 800CW Goat anti-Rabbit (926-32211, Li-cor, RRID AB_621843, WB 1:20,000), IRDye 800CW Goat anti-
mouse 926-32210, Li-cor, RRID AB_621842, WB 1:20,000), IRDye 680RD Goat anti-Rabbit 926-68071, Li-cor, RRID AB_10956166, WB
1:20,000), IRDye 680RD Goat anti-mouse 926-68070, Li-cor, RRID AB_10956588, WB 1:20,000), Goat anti-Rabbit 1gG (H+L) Cross-
Adsorbed Secondary Antibody, Alexa Fluor™ 488 ( Invitrogen, AB_143165, IF 1: 1000), Goat anti-Mouse 1gG (H+L) Cross-Adsorbed
Secondary Antibody, Alexa Fluor™ 488 (Invitrogen, AB_2534069, IF 1: 1000), Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary
Antibody, Alexa Fluor™ 594, (Invitrogen, AB_2534079, IF 1: 1000), Goat anti-Mouse 1gG (H+L) Cross-Adsorbed Secondary Antibody,
Alexa Fluor™ 594 (Invitrogen, AB_2534073, IF 1: 1000)

Validations were performed either by manufactures according to the quality assurance provided by the supplier, research citations,
and by authors. All antibodies were further validated by immunofluorescence/immunogold staining, immunoblotting or
immunoprecipitation followed by immunoblotting, using genetic depletion or overexpression.
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Cell line source(s)

Authentication

HEK293T, ATCC CRL-3216

HepG2, ATCC HB-8065

Hela, ATCC CCL-2

Vero, ATCC CCL-81

HFF-1, ATCC SCRC-1041

MEF, isolated from Nampt flox/flox embryos

All cell lines were purchased from ATCC, unless otherwise specified if they are not commercially available.

The morphology of each cell line was checked periodically after obtained from ATCC. NAMPT knockout cell lines were
validated via western blotting and sequencing. NAMPT knockdown cells, NAPRT knockdown cells and UPRT knockdown cells,
all stable cell lines and NAMPT reconstituted cell lines are validated via western blotting with antibody against corresponding
proteins.

Mycoplasma contamination All cell lines were tested free of mycoplasma contamination.

Commonly misidentified lines  None.

(See ICLAC register)
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Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

C57BL/6 mice were used, gender- and age (2-3-month old)-matched.

Nampt(tm10leo mice) (Jax stock Nampttm10leo/ImaiJ; Strain #: 034242) were gifted from Prof. Shin-ichiro Imai at the Washington
University School of Medicine

CreERT2 mice (Jax stock B6;129-Gt(ROSA)26Sortm1(cre/ERT2)Tyi/J, Jax strain #: 008463) from Jackson Laboratories.

All mice used in the study were housed in the specific animal facility at USC with conditions as: 12-hour light/12-hour dark cycle,
65-75F room temperature, 45-65% humidity.

No wild animals were used in the study
All mice were gender-matched and data obtained can be applied for both sex. No gender difference was observed.
No field collected samples were used in the study

All animal experiments were performed in accordance with the Guide for the Care and Use of Laboratory Animals of the NIH. The
animal protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of USC.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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