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The phylogenetic distribution of NamPT and NNMT in birds and reptiles is scattered. The phylogenetic distribution

of birds and reptiles was adopted from Prum et al. 2015 [1]. Families are marked with a green circle if they possess NamPT
without NNMT or a blue circle if they possess both NamPT and NNMT.
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Figure S2 continued
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Parus major VTHYKQYPPNTSKVYSYFECREKKTENSKLKKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Coturnix japonica VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Meleagris gallopavo VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Gallus gallus VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Aquila chrysaetos canadensis VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLKGKVVTKEKIREAKEVYREHFQ

Aves Haliaeetus albicilla VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLKGKVVTKEKIREAKEVYREHFQ

Falco peregrinus VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLKGKVVTKEKIKEAKEVYREHFQ

Columba livia VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Calypte anna VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQY ILNKYLKGKVVTKEKIKEAKEVYREHFQ

Chaetura pelagica VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLKGKVVTKEKIEEAKEVYREHFQ

Anser cygnoides domesticus VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLKGKVVTKEKIKEAKEVYREHFQ

Alligator mississippiensis VTHYKQYPPNTSKVYSYFECRERKTENSKLRKVKYEEIVFYGLQYILNKYLKGKVVTKEKIQEAKEVYREHFQ

Pelodiscus sinensis VTHYKQYPPNTSKVYSYFECREKKTENSKLKKVKYEETVFYGLQY ILNKYLKGKVITKEKIQEAKEVYREHFQ

Chrysemys picta bellii VTHYLQYPPNTSKVYSYFECREKKTENSRLKKVKYEETVFYGLQY ILNKYLKGKVITKEKIQEAKEVYREHFQ

Reptilia Chelonia mydas VTHYKQYPPNTSKVYSYFECREKKTENSRLKKVKYEETVFYGLQY ILNKYLKGKVITKEKIQEAKEVYREHFQ

Python bivittatus VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLQGKVVTKEKIQVAKEVYKEHFQ

Gekko japonicus VTHYKQYPPNTSKVYSYFECREKKTDNSKLKKMKYEETVFYGLQY ILHKYLKGKVVTKEKIQEAKEVYKEHFQ

Protobothrops mucrosquamatus VTHYKQYPPNTSKVYSYFECREKKTENSKLRKVKYEETVFYGLQYILNKYLQGKVVTKEKIQIAKAVYKEHFQ

Anolis carolinensis VTHYKQYPPNTSKVYSYFECREKKTENSKFRKVKYEETVFYGLQYILNKYLKGKVVTKEKIQEAKEVYKEHFQ

Amphibia | Xenopus laevis VTHYKQYPPNTSRVYSYFECREKKTENSRIRKVKYEETVFYGLQYTLKKYLEGKVVTKEKIQEAKEVYREHFQ

Latimeria chalumnae VTHYKQYPPNTSKVYSYFECREKRTEDSRTRKVKYEKTVFYGLQYILNKYLKGKVVTKEKIQEAKEVYREHFQ

Callorhinchus milii VTHYKQYPPNTTKVYSYFECREKRPEEMKNKKVKYDETVFYGLQYILKKYLAGTVVTREKIQEAKEVYKEHFQ

© Cynoglossus semilaevis VTHYKQYPPNTSKVYSYFECREKRTDPGKNRKVKYDKTVFYGLQYILHKYLKGKVVSPEKIQEAKEVYREHFQ
E Stegastes partitus VTHYKQYPPNTSKVYSYFECREKRTDPTKSRKVKYDKTVFYGLQYILHKYLKGKVVTPEKIQEAKEVYREHFQ
= Scleropages formosus VTHYKQYPPNTSKVYSYFECREKKTDSTKDRKVKYEKTVFYGLQY ILHKYLKGKVVTPEKIQEAKEVYREHFQ
o Tetraodon nigroviridis VTHYKQYPPNTSKVYSYFECREKRTDPSKSRKVTYDKTVFYGLQY ILHKYLKGKVVTPEKIQEAKDVYREHFQ
] Takifugu rubripes VTHYKQYPPNTSKVYSYFECREKKTDPSKSHKVKYDKTVFYGLQY ILHKYLKGKVVTPEKIQEAKNVYREHFQ
H Maylandia zebra VTHYKQYPPNTSKVYSYFECREKRTDPSKNRKVKYDKTVFYGLQY ILHKYLKGKVVTPEKIQEAKEVYREHFQ
a Neolamprologus brichardi VTHYKQYPPNTSKVYSYFECREKRTDPSKNRKVKYDKTVFYGLQY ILHKYLKGKVVTPEKIQEAKEVYREHFQ
Oreochromis niloticus VTHYKQYPPNTSKVYSYFECREKRTDPSKNRKVKYDKTVFYGLQYILHKYLKGKVVTPEKIQEAKEVYREHFQ

Oryzias latipes VTHYKQYPPNTSKVYSYFECREKRTDPTKTRKVKYDQTVFYGLQYILHKYLKGKVVTPEKIQEAKEVYKEHFQ

Larimichthys crocea ITHYKQYPPNVSKIYSYFECRHK- - - - - - - KGSQLNEVVFFGLQYLLKKYLAGPVITEEKIQEAKLFYQMHFK

Dicentrarchus labrax ITHYKQYPPNVSKIYSYFECRRK- - - - - - - KGSQFSEVVFFGLQYLLKKYLTGPVITEEKIQEAKLFYQMHFK

Fish Carassius gibelio VTHYKQYPPNASKVYSYFECRETKTEPTKLRKVKYDKTVFYGLQYILQRYLKGQVVTKGKIQEAKEVYREHFQ

Cyprinus carpio ITHYKQYPPNVSKVYSYFECRRK- - - - - - - KGAQFNEVVFFGLQYLLKKYLAGPVVTEEKIQQAKVFYQMHFK

Danio rerio ITHYKQYPPNINKVYSYFECRHK- - - - - - - KGAQFSEVVFFGLQYLLKKYLTGPVITEEKIQEAKVFYQMHFK

Austrofundulus limnaeus ITHRSQYPPNIDKLYSYFECRRK- - - - - - -KGSQFSEVVFFGLQYLLKKYLTGPVVTEEKIQEAKLFFQMHFK

Xiphophorus maculatus ITHYKQYPPNVSKIYSYFECRQK- - - - - - -KGSQFNEVVFFGLQYLLKKYLTGPVVTEDKIQEAKLFYQMHFK

Nothobranchius furzeri VTHYKQYPPNTSKMYSYFECREKRTDSTKSRKVKYDQTVFYGLQY ILHKYLKGKVVTPEKIQEAKEVYREHFQ

Cyprinodon variegatus VTHYKQYPPNTSKVYSYFECREKRTDPSKSRKVKYDQTVFYGLQY ILHKYLKGTVVTREKIQEAKEVYREHFQ

Poecilia reticulata VTHYKQYPPNTSKVYSYFECREKRTDPSKSRKVKYDKTVFYGLQY ILHKYLKGKVVTPEKIQEAKEVYREHFQ

Fundulus heteroclitus VTHYKQYPPNTSKVYSYFECREKRTDPGKSRKVKYDKTVFYGLQYILHKYLKGKVVTPEKIQEAKEVYREHFQ

Salmo salar ITHYKQYPPNVNKVYSYFECRRK - - - - - - KGGAQFNEIVFFGLQYLLKKYLSGQVITEEKIQEAKVFYQMHFR

oncorhynchus mykiss ITHYKQYPPNVSKVYSYFECRRK - - - - - - RGGTQFSEIVFFGLQYLLKKYLSGRVITEEKIQEAKVFYQMHFR

Esox lucius ITHYKQYPPNVNKVYSYFECRRK- - - - - - KGGTQLNEVVFFGLQYLLKKYLSGRVITEEKIQEAKIFYQMHFK

Clupea harengus VTHYKQYPPNVSKVYSYFECRRR- - -KDAQFHEVVFFGLQYLLKKYLAGRVITEEKIQEAKLFFQMHFR

Lepisosteus oculatus ITHYKQYPPDVDKVYSYFECRRK -KGDRFNEVVFFGLQYLLKKYLSGPVVTEEKIQQAKQMYQQHFK

Branchiostoma floridae VTHHMQYPPETTTIFSYFESRG- - - - - - - - - GKFKETVFFGLQYLIKRWLVGQVVTREKIAEAKDIYKKHFG

Oikopleura dioica VSHHLQYPPKTSYCYSYFESRG- - - - - - - - - - GKFKNVIFFG- - === ---nn-- KDSGSDEEILSEHLG

Strongylocentrotus purpuratus VTHHRQYPDGTTLVSSYFESRG- -GKFPEVVFFGLQYILKRWLCGPVITAEKIAEAKELYKLHFG

. Lingula anatina VTHHKQYPPNTTVIYSYFESRG- -GKFPETVFFGLQYIIKRWLLGPVVTQEKIEEAKAVYQAHFG

Limulus polyphemus VTHHLQYPPGTTTVYSYFESRG- - - - - - - - - - GTFPYTVFFGLQY ILKRWLVGPVITESKIQEAKEICQIHFR

Octopus bimaculoides ISHHLQYPDGITNVYSYFESRG- - - - - - - - - -GKFPQTLFFGLQYILKRWLCGQVVTQEKIAEAKEICQLHFG

Crassostrea gigas VTHHLQYPANTTAVYSYFESRG- -GKFANTVFFGLQYIIKKWLTGQVITKEKIQEAKELYKLHFG

Lottia gigantea VTHHRQYPPNTTKVYSYFESRG- -GKFPNVCFFGLQYIIKRWLIGPVITKDKIKEAKELYKLHFG

Mollusca Biomphalaria glabrata VTHHLQYPPNTTTICSYFESRG- - - - - - - - - - GKFPYTVFFGLQYILKRWLVGPVVTKEKIKEAKDIYHLHFG

Aplysia californica VTHHRQYPPNTSIVYSYFESRG- - - - - --- - - GKFPATCFFGLQYILKRWLVGQVVTREKIEEAREIFQLHFG

Il cCapitella teleta VTHHLQYPPNTTHVYSYFESRG- -GKFPSTIFFGLQYIIKRWLLGQVVTDEKIEEATAVYQMHFG

© Annelida ‘ Helobdella robusta VTHHKQYPADTTYAYSYFESRG- -GKFDKTLFFGLQYILKRWMVGEVVTEKKIIEAKEVFEKHFG
g Trichuris suis VTHYNQYPPLTTSVYSYFECRG- - - - - - - - - GKFEQVCFFGLQYVLKRWMVGRVVTHAMIDEAKEFYMQHFG
2 Trichinella murrelli VTHYNQYPPQTTKIYSYFECRG- - -------- GKFEDVCFFGLQYVLKRWMVGCVVNHQMIDEAKEFYKKHFT
E Ancylostoma ceylanicum ITHHNQYPQGTTYVYSYFESRG- -GKFPEVCFFGLQYILKRWLVGVVVTHKMIDEAKEFYKLHFN
s Necator americanus ITHHNQYPEGTTHVYSYFESRG- -GKFPEVCFFGLQYILKRWLVGVVVTHEMIDEAKEFYK- - - -
I Strongyloides ratti ATHHAQYPDNTTSIYSYFESRG- - - - - - - - - GKFEKTVFFGLQYFIKRYLCGRVVNKQMIEEATEFYHCHFG
Nematoda Loa loa VTHHNQYPEGTTHVYSYFESRG- - - - - - - - - - GKFSEVCFFGLQYIIKRWLVGPVVTKAMIEQAKQFYKSHFG

Wuchereria bancrofti VTHHNQYPEGTTHVYSYFESRG- -GKFSEVCFFGLQYIIKRWLVGPVVTKEMIEQAKQFYKSHFG

Brugia malayi VTHHNQYPEGTTHVYSYFESRG- -GKFSEVCFFGLQYIIKRWLVGPVVTREMIDEAKQFYKSHFG

Toxocara canis ITHHSQYPKGTSHVYSYFESRG- -GKFPEVCFFGLQYLLKRWMVGPVVNKHMIQQAKHFYKVHFG

Echinococcus multilocularis ~  ------ YPPGTTEVYSYFESRG- -GKFSETIFFGLQYILKKYLVGSVITERKIREAKEVMREHFG

Platyhelminthes ‘ Schistosoma haematobium VSHYSQYPAGTEFIYSYFESRG- -GRFPNSVFFGLQYILKKNLVGQVITHEKIDEAKSILLSHFG
Saccoglossus kowalevskii VTHYRQYPPGTTTVYSYFECRG- -GKFPEIVFFGLQYVIKKWLIGQVVTKEKIEEAKEFYKLHFG

Acropora digitifera VSHHKQYPPGTSILFSYFESRG- -GKFPEVCFFGLQYLIKRWLVGQVVTAEKIRQAKDFYQLHFG

Cnidaria Exaiptasia pallida VSHHKQYPKNTSIVFSYFESRG- -GKFQSVCFFGLQYILKKWLVGQVVTKSKIEEAKQLYKLHFG
Nematostella vectensis VSHHRQYPDGTSTVFSYFESRG- -GKFPEVCFFGLQYIIKKWLLGKVVTEEKIQEAKSLYKLHFG

) Amphimedon queenslandica NTHYLQYPPGTTTVYSYFESRG- -GKHPQTVFFGLQYILKRYFLGKVVTLEKIEQAKAIFDVHVG

Porifera ‘ . Suberites domuncula VTHHLQYPPGAEHVYSYFESRG- -GKFPETVFFGLQYILKKSLVGKVVTREKIEEAAAVFDAHLG

Priapulus caudatus VSHYKQYPPGTTALWGYFESRG- -GKFPTTVFFGLQYILKRWLVGPVLNKQMIREAAEFYKLHFV

Trichoplax adhaerens FTHFKQYPPKTTKVYSYFESRG- - - -GKFENVVFFGLQYIIKRLLLGKVVTKEKIDEAKAFSKAHFG

Rhizophagus irregularis DAOM 197198w PSHSLLFPDSVKSV-AYGEFRK- - - - - SYDNDKEDTRVLFCGIRYIIENYIA- IKWTQKDVDLAEKFFSTHNA

Rasamsonia emersonii CBS 393.64 HSHWNLYPPGTRYVSSYIESRG- -GPYPAHLFFGLQAFIKQHLL-RPITIDDIDEAEIVTRQHQL

Byssochlamys spectabilis No. 5 HSHWNLYPPKTTHVSSYIESRG- -GEYPAHLFVGLQAFIKKHLL -RPITIDDIDEAEIVTRQHQI

Capronia epimyces CBS 606.96 HSHWNLYPPGTRHVSSYIESRG- -GIYPAHMFVGLQAFIKKHLL -RPVTIDDIDEAEIVTRQHQL

Fungi Exophiala dermatitidis NIH/UT8656 HSHWNLYPPGTSHVSSYIESRG- - - -GIYPAHLFIGLQAFIKKHLL -RPVTIDDIDEAEIVTRQHQL

Conidiobolus coronatus NRRL 28638 LSHYKAYP-KAEKLIAYGEFRT - - - - -SYLKDPNDSRLIYYGMEYILENYLN-KPITQEDLDKLDNFCQTHNV

Batrachochytrium dendrobatidis JAM81 VAHNQLYP-DAVKMVAYGEFRA- - - - -SYNKDKTDSRIVFYGMRYFIENYVA-VKYTVQDVQQAEAFLSTHNA

Spizellomyces punctatus DAOM BR117 ~ TTHFELYP-EAKKMIAYGEFRT- - - - -GYDKDLNDRRIVAYGIRYIIENYVS - KPWTLEDVALAERFFSMHNA

Allomyces macrogynus ATCC 38327 LSHYALYP-DAQEMVAYAEFRA- - - - -PENKDHHDHRIVWYGMRYLVEQYLA-KQWTAADLALADQFFSTHNA

Chlorella variabilis ATTAAPHLLTSYLPIAYGEFRQ- - - - - GYDKDTRDTRAVFYGLRYILENFVA-RRWTLQDVELADRFFGSHMA

Viridiplantae Gonium pectorale ~ eeeeeeeeaoo- AYGEFRQ- - - - -GFNKDKNDTRMVSYGMRYLVENYIA-KRWTMEDVDMAEAFYRCAAV
Chlamydomonas reinhardtii ATHFLQYP - KAQKMVAYGEFRQ- - - - - GFNKDKTDTRLVSYGMRYLVETYIS - RQWTMEDVEMADAFYRTHMA

Monosiga brevicollis MX1 ISHHLQYPPNTTRVYSYFESRG- - - - - - - - - - GQFQETCFFGLQYILKRWLVGQVVTQAKIDEAAELYQLHFG

B Aureococcus anophagefferens VSHWKQYPAKTTTVYSYFESRG- - - -GKYDEVVFFGLQYYVKKYLVGEQVTKAKIDEAERFYGEHFP

Chrysochromulina sp. CCMP291 VSHYRQYPPGTEYVYSYFESRG- - - -GVFEEVVFFGLQYFIKRYLCGVVVTEDKIAYAKEILDSHMG

Acanthamoeba castellanii str. Neff  ASHFTMYP-DSKKAVGYGEFRK- - - - -PYGGDKTDNRFVYYGIRYLVENFLC-RQWTKEDVEKADLFYSTHNA

I capsaspora owczarzaki ATCC 30864 IAHYRQYPPKTTTVYSYFESRG- - - - - - - - - - GDFPETVFFGLQYILERYLAGPVVTQAKIDEAKEVFALHFG

Guillardia theta CCMP2712 AGHFLMYP - ECKSMSAYGEFRE - - - - - - PFPNMEDNRFVFYGMRHYIENFVN - RKWCKADVDAAEIFYKTHKA

The structurally unresolved loop of NamPT. Sequence alignment of NamPT of different species cropped to the region
around the unresolved loop structure.



Figure S3

Influence of enzyme expression, SAM concentration and inhibition constants on systems behaviour. We used the
dynamic model of NAD biosynthesis and consumption to analyse the effect of NMNAT, NamPT (A and B) and NNMT (C and
D) expression on NAD consumption flux (A and C) and free NAD concentration (B and D), NamPT/NNMT flux ratio (C)
and Nam concentration (D). We furthermore varied the inhibition constants K;(Nam) and K;(NAD) for SIRT1 and NamPT,
respectively, in a model without NNMT (E and F). This mimics the potential effect of inhibition relaxation due to reduced Nam
or NAD concentrations. In addition, we simulated the effect of changes in the NNMT cofactor S-adenosyl methionine (SAM) on
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Figure S4
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Purification of wildtype NamPT and A42-51 NamPT, NMR spectra and NamPT substrate affinity measure-
ments A) Elution profile of wildtype (wt) and A42-51 NamPT on size-exclusion chromatography using a Superdex 200 16/60
column. B) Coomassie stained denaturating SDS-PAGE analysis of A42-51 NamPT (lane 1) and wt NamPT (lane 2). 3 ug of
pooled enzyme eluted from SEC was loaded onto the gel. C) The column was calibrated with apronitin 6.5 kDa, ovalbumine
42.7kDa, coalbumine 75kDa and blue dextran 2000 kDa. The partition coefficient (Kav) was determined for each standard (light
grey squares) and plotted versus logip molecular weight. The apparent molecular weight of wt NamPT and A42-51 NamPT
was calculated to be 135kDa and 110kDa, respectively. D) Exemplary 1D 1H NMR NMR spectra of NMN formation used to
quantify the activity of wildtype and mutant NamPT. Inset: molecular structure of NMN with the atom detected by NMR
indicated by an arrow. The range used for NMN detection in typical 1D-1H-NMR spectra of the enzymatic reactions is shown.
Samples and standards were supplemented with 1mM of DSS as internal standard. NMN quantification was done with the
singlet detected at 9.52 ppm. From the top to the bottom, peak detection of NMN standard (200 pM), wt NamPT (1 mM Nam
and 1mM PRPP), A42-51 NamPT (1mM Nam and 1mM PRPP), wildtype NamPT with FK866, and A42-51 NamPT with
FK866. Incubation with inhibitor FK866 was done for 30 min at 30°C. E) To compare the substrate affinity of wtNamPT and
A42-51 NamPT, 2 uM enzyme were incubated for 5 min at 30 °C with ImM ATP and PRPP and 1uM to 1mM Nam in 300ul
reaction buffer (20mM Tris-HC1 pH 8.0, 500mM NaCl, 6mM MgCl2, 0.03% (w/v) BSA). Reaction was stopped with 100pM
of FK866 and frozen in liquid nitrogen. The protein was removed using Amicon Ultra Centrifugal Filters (Millipore - 10 kDa
cut-off). NMN formation was measured by LC-MS using an LC Dionex Ultimate 3000 instrument coupled to a Q Exactive
Orbitrap mass spectrometer (Thermo Scientific). For LC separation, an Ascentis Express C18, (10 ¢cm x 2.1mM, particle size
2.7 ym) column was used (Sigma-Aldrich) with a stepwise gradient form 10 mM ammonium acetate pH 5 and 2 mM tetra-
butylammonium bromide (TBAB) to 10 mM ammonium acetate pH 6.8, 2 mM TBAB and 90% acetonitrile at a flow rate of
0.4 nTLln . Electrospray was used as ionization source, and samples were analysed in positive mode. Xcalibur software (Thermo
Scientific, Waltham, MA, USA) was used for data visualization and peak integration. NMN meassurement data are available at:
https://doi.org/10.15490/fairdomhub.1.datafile.2944.1
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Figure S5

RMSD with respect to initial structure
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Molecular dynamics simulations NamPT. Root mean square deviation (RMSD) with respect to initial structure for simula-
tion of wildtype (wt) NamPT (red) and mutant A42-51 NamPT (blue), respectively. The RMSD values for the entire simulation
(in total 1000 ns) show stable structures with small fluctuations.
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NamPT to keep the sum of the amount of NADA+NamPT constant between simulations. As can be seen, the addition of NADA
to NNMT and a low affinity NamPT, provides a slight advantage for A) NAD consumption flux and B) NAD concentration over
NADA alone. As soon as the affinity of NamPT is high enough, double amounts of NamPT together with NNMT outcompete
the combination of all three enzymes. The fact that this latter combination is actually found in some invertebrates might indicate
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Figure S7
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Site specific positive selection in NINMT Branch specific test of positive selection conducted for NNMTs from various
vertebrate species reveals a signature of positive selection specific to residue 171 occurring at the lineage leading to placentalia.
Shown is a cropped fingerprint alignment using biochemical colour-coding for NNMTs of the species under consideration with
the critical residue 171 indicated. Underlying statistics and tree are shown in Supplementary Figure S8.
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/\ Branch site model A with foreground w 2a/b fixed=1
site class 0 1 2a 2b
proportion 0.79326 0.17431 0.02659 0.00584
background w 0.10465 1.00000 0.10465 1.00000
foreground w 0.10465 1.00000 1.00000 1.00000
loglikelihood = -11145.741592
Branch site model A
site class 0 1 2a 2b
Proportion 0.81062 0.17848 0.00893 0.00197
background w 0.10492 1.00000 0.10492 1.00000
foreground w 0.10492 1.00000 33.95277 33.95277
loglikelihood = -11143.403032
2xDIFF = 4.68 (p < 0.05, x2, d.f. = 1)
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Site specific positive selection in NNMT Branch specific test of positive selection conducted for NNMTs from various
vertebrate species reveals a signature of positive selection specific to residue 171 occurring at the lineage leading to placentalia.
A) Output of the codeml runs (Branch-site model A of positive selection), the likelihood between a model with no positive
selection (w2a/b = 1) is compared to a model with positive selection (w2a/b > 1). Significance between the two models is
assessed using a likelihood ratio test assuming that twice the likelihood difference is x? distributed. The critical value is 3.84 at
the 5% level. B) The underlying tree topology for the codeml runs including the tested branch indicated with #1. The alignment

is shown in Supplementary Figure S7.
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Clustering of NMNAT protein sequences of various eukaryotic species. Protein sequences were found using protein
Blast with the human sequences as seeds. Protein names in red, blue, and green were found with the lowest expect value with the

human NMNAT1, 2, and 3, respectively. Clustering was done with BAli-Phy version 3.0 (Suchard and Redeling 2006). The tree
was visualised with Figtree version 1.4.3 (http://tree.bio.ed.ac.uk/software/figtree). Names were spread manually and dotted
lines were added for better readability.



Table S1

# Enzyme group |Gene nadenzyme name EC number |Uniprot ID |Species Min. length
1 ADPRcyc CD38 ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase 1 3.2.2.6 P28907 H. sapiens 200
2 ADPRcyc BST1 ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase 2 3.2.2.6 Q10588 H. sapiens 200
3 ART ART1 GPI-linked NAD(P)(+)--arginine ADP-ribosyltransferase 1 |2.4.2.31 P52961 H. sapiens 200
4 ART ART3 Ecto-ADP-ribosyltransferase 3 2.4.2.31 Q13508 H. sapiens 200
5 ART ART4 Ecto-ADP-ribosyltransferase 4 2.4.2.31 Q93070 H. sapiens 200
6 ART ART5 Ecto-ADP-ribosyltransferase 5 2.4.2.31 Q96L15 H. sapiens 200
14 |NADA NIC1 Nicotinamidase 1 3.5.1.19 Q8S8F9 A. thaliana 170
15 |[NADA pnc-1 Pyrazinamidase and NiCotinamidase 3.5.1.19 QIN426 C. elegans 170
16 |NADA pncA Pyrazinamidase/nicotinamidase 3.5.1.19 P21369 E. coli 170
17 |NADA PNC1 Nicotinamidase 3.5.1.19 P53184 S. cerevisiae 170
25 |NamPT NPT1 Nicotinamide phosphoribosyltransferase 2.4.2.12 D9I2)1 C. reinhardltii 400
26 |NamPT NAMPT Nicotinamide phosphoribosyltransferase 2.4.2.12 P43490 H. sapiens 400
38 |NNMT B0303.2 Uncharacterized methyltransferase 2.1.1.- P34254 C. elegans 150
39 |NNMT NNMT Nicotinamide N-methyltransferase 2.1.1.1 P40261 H. sapiens 150
40 |[PARP1-3 PARP1 Poly [ADP-ribose] polymerase 1 2.4.2.30 Q9ZP54 A. thaliana 300
41 |PARP1-3 PARP2 Poly [ADP-ribose] polymerase 2 2.4.2.30 Q11207 A. thaliana 300
42 |PARP1-3 PARP3 Poly [ADP-ribose] polymerase 3 2.4.2.30 Q9FK91 A. thaliana 300
43 |PARP1-3 pme-1 Poly(ADP-ribose) polymerase 2.4.2.30 QI9N4H4 C. elegans 300
44  |PARP1-3 pme-2 Poly(ADP-ribose) polymerase 2.4.2.30 Q09525 C. elegans 300
45 |PARP1-3 PARP1 Poly [ADP-ribose] polymerase 1 2.4.2.30 P09874 H. sapiens 300
46 |PARP1-3 PARP2 Poly [ADP-ribose] polymerase 2 2.4.2.30 Q9UGN5 H. sapiens 300
47 |PARP1-3 PARP3 Poly [ADP-ribose] polymerase 3 2.4.2.30 Q9Y6F1 H. sapiens 300
48 |PARP4 PARP4 Poly [ADP-ribose] polymerase 4 2.4.2.30 QIUKK3 H. sapiens 450
49 |PARP6/8 PARP6 Poly [ADP-ribose] polymerase 6 2.4.2.30 Q2NL67 H. sapiens 175
50 |PARP6/8 PARP8 Poly [ADP-ribose] polymerase 8 2.4.2.30 Q8N3A8 H. sapiens 175
51 |PARP7/9-15 TIPARP TCDD-inducible poly [ADP-ribose] polymerase 2.4.2.30 Q7Z3El H. sapiens 130
52 |PARP7/9-15 PARP10 Poly [ADP-ribose] polymerase 10 2.4.2.30 Q53GL7 H. sapiens 130
53 |PARP7/9-15 PARP11 Poly [ADP-ribose] polymerase 11 2.4.2.30 QI9NR21 H. sapiens 130
54 |PARP7/9-15 PARP12 Poly [ADP-ribose] polymerase 12 2.4.2.30 Q9HOJ9 H. sapiens 130
55 |PARP7/9-15 PARP14 Poly [ADP-ribose] polymerase 14 2.4.2.30 Q460N5 H. sapiens 130
56 |PARP7/9-15 PARP15 Poly [ADP-ribose] polymerase 15 2.4.2.30 Q460N3 H. sapiens 130
57 |PARP7/9-15 PARP9 Poly [ADP-ribose] polymerase 9 2.4.2.30 Q8IXQ6 H. sapiens 130
58 |PARP16 PARP16 Mono [ADP-ribose] polymerase 2.4.2.30 Q8N5Y8 H. sapiens 225
63 |SIRT SRT1 NAD-dependent protein deacetylase 3.5.1.- Q9FE17 A. thaliana 180
64 |SIRT SRT2 NAD-dependent protein deacylase 3.5.1.- Q94AQ6 A. thaliana 180
65 |SIRT sir-2.1 NAD-dependent protein deacetylase 3.5.1.- Q21921 C. elegans 180
66 |SIRT sir-2.4 NAD-dependent protein deacetylase 3.5.1.- Q95Q89 C. elegans 180
67 |SIRT sir-2.2 NAD-dependent protein deacylase 3.5.1.- Q20480 C. elegans 180
68 |SIRT sir-2.3 NAD-dependent protein deacylase 3.5.1.- Q20481 C. elegans 180
69 |SIRT SIRT1 NAD-dependent protein deacetylase sirtuin-1 3.5.1.- Q96EB6 H. sapiens 180
70 |SIRT SIRT2 NAD-dependent protein deacetylase sirtuin-2 3.5.1.- Q8IXJ6 H. sapiens 180
71 |SIRT SIRT3 NAD-dependent protein deacetylase sirtuin-3 3.5.1.- QINTG7 H. sapiens 180
72 |SIRT SIRT4 NAD-dependent protein deacetylase sirtuin-4 3.5.1.- Q9Y6E7 H. sapiens 180
73 |SIRT SIRT5 NAD-dependent protein deacetylase sirtuin-5 3.5.1.- QINXA8 H. sapiens 180
74 |SIRT SIRT6 NAD-dependent protein deacetylase sirtuin-6 3.5.1.- Q8N6T7 H. sapiens 180
75 |SIRT SIRT7 NAD-dependent protein deacetylase sirtuin-7 3.5.1.- QI9NRC8 H. sapiens 180
76 |SIRT HST1 NAD-dependent protein deacetylase 3.5.1.- P53685 S. cerevisiae 180
77 |SIRT HST2 NAD-dependent protein deacetylase 3.5.1.- P53686 S. cerevisiae 180
78 |Tankyrase pme-5 Poly(ADP-ribose) polymerase 2.4.2.30 Q9TXQ1l C. elegans 150
79 |Tankyrase TNKS Tankyrase-1 2.4.2.30 095271 H. sapiens 150
80 |Tankyrase TNKS2 Tankyrase-2 2.4.2.30 Q9H2K2 H. sapiens 150
81 |TRPT embl1l067 |RNA 2'-phosphotransferase, Tptl / KptA family 2.7.1.160 Q9ZU32 A. thaliana 170
82 |TRPT TRPT1 tRNA 2'-phosphotransferase 1 2.7.1.160 Q86TN4 H. sapiens 170

Query proteins used for Blast searches.



Table S2

Name ADPRcyc |ART |PARP1-3 |PARP4 |PARP6/8 |PARP7/9-15 |PARP16 |SIRT |TRPT |Tankyrase |[SUM
Mammalia 0.99| 1.00 0.98 0.99 0.99 0.99 1.00, 1.00 0.98 1.000 9.90
Hemichordata 1.00, 0.00 1.00 1.00 1.00 1.00 1.00, 1.00, 1.00 1.000 9.00
Sauropsida 0.98| 1.00 0.98 0.96 0.43 0.96 1.000 1.00, 0.13 1.00 8.44
Neopterygii 0.92| 0.24 0.96 0.88 0.72 0.76 0.96| 0.96| 0.84 0.96 8.20
Lophotrochozoa 0.80| 0.00 1.00 1.00 0.80 0.80 1.00, 1.00, 0.80 1.000 8.20
Echinodermata 1.00, 0.00 1.00 1.00 1.00 1.00 0.00/ 1.00f 1.00 1.000 8.00
Branchiostoma 0.00, 0.00 1.00 0.00 1.00 1.00 1.00f 1.00; 1.00 1.000 7.00
Cnidaria 1.00, 0.00 1.00 1.00 1.00 0.00 0.50] 1.00/ 0.50 1.000 7.00
Amphibia 0.67| 0.67 0.67 0.67 0.67 0.33 0.67| 0.67| 0.33 0.67| 6.00
Arthropoda 0.00| 0.00 0.84 0.65 0.02 0.00 0.00] 1.02| 0.51 0.95 3.98
Platyhelminthes 0.00| 0.00 1.00 0.00 0.33 0.00 0.00] 1.00/ 0.50 1.000 3.83
Tunicata 0.00| 0.00 1.00 0.00 0.00 0.00 0.00] 1.000 0.00 1.000 3.00
Nematoda 0.00| 0.00 1.00 0.00 0.00 0.00 0.00] 1.000 0.00 1.000 3.00

Fraction of species with given NAD consumers per clade. For all clades at leaf positions in Figure 2B, the fraction of species in
the respective clade possessing the respective NAD consumer is shown. For easier optical identification, table cell backgrounds
are the darker, the higher the fraction is. The fraction of species with a given NAD consumer for clades that are not leaves is
the sum of the values of all child nodes.



Table S3

Overview of kinetic constants used for the construction of the model.

Enzyme EC Kinetic References Rate Law
number  parameter

NADA 3.5.1.19 Kpr:9.6puM 2] Product inhibition
K,;p:120pM
kear:0.655~1

NADS 6.3.5.1 K 7:190iM B MM
kcati21871

NMNAT  2.7.7.1 Kty ynin 67.7uM [4]* Substrate Competition

27718 Keatnynyn:42.957 1

Kty :22.3uM
Keatyayy:53.8571
KMNAD 59MM
Keatnap:129.1571 5]
Kniyonp:502uM
Keatnoap:103.8571 5]

NNMT 2.1.1.1 Ky o :400pM [6] Bi irreversible with product inhibition
Knigpp:1.8uM
K;p:60uM
kcatig.lsil [7]

NamPT 2.4.2.12 Kjpr:5nM [8] Competitive inhibition
kear:0.0077s71
KiNAD: 21/1,M

NAPRT 24211  Kp:l.opM B MM
kear:3.3s7 1

SIRT1 3.5.1.- Kpr:29uM [9] Product inhibition
KZPGO/J,M
kear:0.67s71

NT5 3135 K ttnnn3.5mM [10] MM
kcatNaMN:2~88_1
Ky pn: 5mM
Kecatnpn:0-5871

PND 2421 K 7:1.48mM [11] HMM
kear:40s™1

NRK 2.7.1.173  Kp:3.4uM [12] HMM
Kear:0.23571

Additional parameter and model description

The total enzyme concentration was set to 10 times the scaling factor, for all enzymes except NamPT and NADA. For NamPT
the concentration was set to 400 times the scaling factor if not stated otherwise. For NADA the enzyme concentration was
set to 400 times the scaling factor in the model used for Figure 6 and S6 and to 0 otherwise. As enzyme concentrations here
have an arbitrary unit, a scaling factor of 0.1uM was applied to all enzymatic reactions to achieve consumption rates that are
in the range of reported values [13]. Concentration of potential co-substrates except SAM were assumed to be constant and
not-limiting for the reaction. If not stated otherwise, the SAM concentration was set to 80 uM refelecting the concentration
of SAM in liver tissues [14]. Thus being implicitly represented by maximal velocities consisting of total enzyme concentration
times turnover rates. Nam import rates for import into the system was set to 0.1 uM/s for all simulations, being in the range
measured for Nam uptake in mammalian cells [15]. In addition to the reactions listed above an additional NAD consumption
was simulated using HMM-kinetics with a substrate affinity of 0.3 mM and a turnover rate of 1. Furthermore, reversible NAD
binding to proteins was simulated using reversible mass actions kinetics with an equilibrium constant of 0.1, which is in a range
of values reported in the literature, dissociation and association constants where set to 10 and 100s~! respectively. For the two
compartment simulation, compartment size was equal for both compartments and set to 1ul. The actual compartment size does

IValues for NMNAT1 used
2Equilibrium constant used for calculation of turnover rate of reverse reaction


https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC3/5/1/19.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC6/3/5/1.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/7/7/1.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/7/7/18.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/1/1/1.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/4/2/12.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/4/2/11.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC3/5/1/index.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC3/1/3/5.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC3/2/4/2.html
https://www.qmul.ac.uk/sbcs/iubmb/enzyme/EC2/7/1/173.html

not change the outcome of the simulations as long as both compartments have equal volumes. The Nam import rates were set
to 100s~! for both compartments. The amount of NADA present was set to 400. Thus equal to the amount of NamPT used.
To account for cell growth, we added an outflow reaction to each simulated metabolite. For this reaction we simulated a
constant flux based on mass action kinetics. The reaction rate was equal for each metabolite and simulated to be in a range
between 2.7-107%s7! and 2.8-107°s!, corresponding to a doubling in volume once every 0.01 to 1 hour, denoted as cell division

rate in Figure 3.

Rate Laws referred to in Table S3
Product inhibition
ET . kcat . S
Ky - P
Kip

v =

Ky + 5+

Bi irreversible with product inhibition

ET'kcat'A'B

P
Y B+ EKmp) + A Knp

Kna(1
a+ Kip

Competitive inhibition
ET : kcat -8
Ky -1
Kir

Ky + S5+

Henry-Michaelis Menten for irreversible reactions (HMM)

_ Er ket - S
- Ky +S

Substrate competition at NMNAT
kcatA 'A'B_ kcatp PQ

o= F. Ko K,
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Ky, Ky Kup Kug



Table S4
PDB Code ‘ 2H3D 3DGR 3DHD 3DHF 3DKJ 3DKL

2H3D - 0.95 0.85 0.86 0.88 0.88
3DGR - 0.61 0.61 0.55 0.57
3DHD - 0.43 0.40 0.43
3DHF - 0.42 0.33
3DKJ - 0.39
3DKL -

Root mean square deviation (RMSD) values between different structures (in A). The alignment and RMSD calculation was done
with PyMOLJ[16]. The structures are 2H3D (human NAMPT) [17], 3DGR (human NAMPT-AMPcP complex) [18], 3DHD
(human NAMPT-NMN-Mg>PPi complex) [18], 3DHF (human BeF3--NAMPT-NMN-MgyPPi complex) [18], 3DKJ (human
NAMPT-PRPP-BzAM complex) [18], and 3DKL (human BeF3;--NAMPT-MgoPRPP-BzAM complex) [18]. The structural res-
olution of the PDB structures ranges from 1.8 A to 2.1 A.
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