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QuikChange mutagenic primers used to engineer Tfu-FNO

Table S1: QuikChange mutagenic primers used to engineer Tfu-FNO. Abbreviations fw and rv are used
to designate the forward and reverse primers, respectively. Primers were designed using the Agilent
QuikChange primer design tool (www.genomics.agilent.com; primerDesignProgram.jsp).

Mutation Primer sequence
A87S fw  tcccacggaaccgacacgatcaccacg
rv cgtggtgatcgtgtcggttccgtggga
V113S fw gaaacccagcegggttcgaacagtcgacgacgatc
rv gatcgtcgtcgactgttcgaacccgetgggtttc
G29F fw gcggecectgatcaaacgtgecccccage
rv gctggggggcacgtttgatcagggecegce
G29H fw gcggecectgatcatgegtgecccccage
rv gctggggggcacgcatgatcagggecge
G29I fw  gcggcectgatcaatcegtgecccccage
rv gctggggggcacgattgatcagggecege
G29L fw  cgcggcectgatctagegtgecccccage
rv gctggggggcacgctagatcagggeegeg
G29M fw  ccgcggcecectgatccatcgtgecccccagea
rv tgctggggggcacgatggatcagggeegegg
G29N fw  gcggccctgatcattegtgecccccage
rv gctggggggcacgaatgatcagggecegce
G29Q fw  cgcggeectgatectgegtgecccccage
rv gctggggggcacgcaggatcagggeegeg
G29S fw  ggccctgatcactegtgecccccag
rv ctggggggcacgagtgatcagggec
G29V fw  ggccctgatcaaccgtgeccccc
rv ggggggcacggttgatcagggcc
G29W fw gcggccectgatcccacgtgecccccag
rv ctggggggcacgtgggatcagggecgce
G29Y fw gcggecectgatcatacgtgecccccage
rv gctggggggcacgtatgatcagggecege
P89F fw cggtgaccgtcccagaaaaccgcecacgatcaccac
rv gtggtgatcgtggeggttttctgggacggtcaccg
P89H fw cggtgaccgtcccaatgaaccgccacgatc
rv gatcgtggcggttcattgggacggtcaccg
P89l fw  cggtgaccgtcccatataaccgccacgatcaccac
rv gtggtgatcgtggeggttatatgggacggtcaccg
P89L fw  gtgaccgtcccacagaaccgccacgat
rv atcgtggcggttctgtgggacggtcac
P8SM fw  gaccgtcccacataaccgccacgatcaccacgt
rv acgtggtgatcgtggceggttatgtgggacggtc
P89N fw  cggtgaccgtcccaattaaccgecacgatcaccac
rv gtggtgatcgtggeggttaattgggacggtcaccg
P89Q fw  gtgaccgtcccactgaaccgecacgat
rv atcgtggcggttcagtgggacggtcac
P89S fw  gaccgtcccacgaaaccgccacgatca
rv tgatcgtggeggtttcgtgggacggtc
P89V fw accgtcccacacaaccgccacgatcaccac
rv gtggtgatcgtggeggtigtgtgggacggt
P8OW fw accgtcccaccaaaccgccacgatcaccac

rv gtggtgatcgtggcggtttggtgggacggt
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P89Y

fw
rv

cggtgaccgtcccaataaaccgecacgatcaccac
gtggtgatcgtggcggtttattgggacggtcaccg
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Graphs of steady-state kinetic analysis of Tfu-FNO with varying concentrations of NCBs

< 0.2

kobs (min

0.0 T T T I

o
-
o
]
o
(4]
o
B
o

[EtNA*] (mM)

0.00 T T
0 20 40

[ProNA*] (mM)

60

0.00+ T T T T
0 10 20 30 40

[BNA'] (mM)

50

0.3+
-
< 0.2
£
E
2
~ 0.1
0.0 T T T T 1
0 20 40 60 80 100
[EtNA*] (mM)
0.00+ T T 1
0 50 100 150
[ProNA*] (mM)
0.00+ T T )
0 50 100 150

[BNA*] (mM)

Figure S1: The observed initial rates, ks, of wild-type Tfu-FNO plotted against the concentrations of
artificial nicotinamide cofactor biomimetics (NCBs) with apolar groups at position 1 of the nicotinamide.
Data in the left column is fitted to the Michaelis-Menten formula and data in the right column is fitted
to the Michaelis-Menten formula with substrate inhibition. Data was fitted by non-linear regression,
GraphPad Prism v. 6.0 (GraphPad Software Inc., La Jolla, CA, U.S.A.). Data points and error bars
represent means and standard deviations of triplicates, respectively. EtNA*: 1-ethylnicotinamide,
ProNA*: 1-propylnicotinamide, BNA*: 1-benzylnicotinamide.
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Figure S2: The observed initial rates, kops, of wild-type Tfu-FNO plotted against the concentrations of
artificial nicotinamide cofactor biomimetics (NCBs) with polar groups at position 1 of the nicotinamide.
Data in the left column is fitted to the Michaelis-Menten formula and data in the right column is fitted
to the Michaelis-Menten formula with substrate inhibition. Data was fitted by non-linear regression,
GraphPad Prism v. 6.0 (GraphPad Software Inc., La Jolla, CA, U.S.A.). Data points and error bars
represent means and standard deviations of triplicates, respectively. EtOHNA*: 1-
hydroxyethylnicotinamide, ProNA*: 1-hydroxypropylnicotinamide, AmNA*: 1-
carbamoylethylnicotinamide.
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Activity screen for different Tfu-FNO mutants with selected NCBs
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Figure S3: Activity screen of selected Tfu-FNO G29X and P89X variants with polar amino acid side chains
toward artificial nicotinamide cofactor biomimetics (NCBs) with polar groups at position 1 of the
nicotinamide. Data in the left column and right column are the activity measured with 1 mM NCB and
40 mM NCB, respectively. Data points represents individual k., measurements and bars represent the
mean value of these two data points. The horizontal dotted line is the mean value of wild-type activity.
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Figure S4: Activity screen of selected Tfu-FNO G29X and P89X variants with apolar amino acid side
chains toward artificial nicotinamide cofactor biomimetics (NCBs) with apolar groups at position 1 of
the nicotinamide. Data in the left column and right column are the activity measured with 1 mM NCB
and 40 mM NCB, respectively. Data points represents individual k,,s measurements and bars represent
the mean value of these two data points. The horizontal dotted line is the mean value of wild-type
activity.
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1 mM NMN* 1 mM NR*
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Figure S5: Activity screen of selected Tfu-FNO G29X and P89X variants toward the natural NAD(P)
precursors nicotinamide ribose (NR) and nicotinamide mononucleotide (NMN). Data points represents
individual k.,; measurements and bars represent the mean value of these two data points. The

horizontal dotted line is the mean value of wild-type activity.
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Graphs of steady-state kinetic analysis of engineered Tfu-FNO variants with varying
concentrations of NCBs
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Figure S6: The observed initial rates, kg, of selected Tfu-FNO G29X and P89X variants with polar side
chains plotted against the concentrations of artificial nicotinamide cofactor biomimetics (NCBs) with
polar groups at position 1 of the nicotinamide. Data in the left column is fitted to the Michaelis-Menten
formula with substrate inhibition and data in the right column is fitted to the Michaelis-Menten
formula. Data was fitted by non-linear regression, GraphPad Prism v. 6.0 (GraphPad Software Inc., La
Jolla, CA, U.S.A.). Data points and error bars represent means and standard deviations of triplicates,
respectively. EEOHNA*: 1-hydroxyethylnicotinamide, ProNA*: 1-hydroxypropylnicotinamide, AmNA*: 1-
carbamoylethylnicotinamide.
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Figure S7: The observed initial rates, k,,, of selected Tfu-FNO G29X and P89X variants plotted against
the concentrations of artificial nicotinamide cofactor biomimetics (NCBs) with apolar groups at
position 1 of the nicotinamide. Data in the left column is fitted to the Michaelis-Menten formula with
substrate inhibition and data in the right column is fitted to the Michaelis-Menten. Data was fitted by
non-linear regression, GraphPad Prism v. 6.0 (GraphPad Software Inc., La Jolla, CA, U.S.A.). Data points
and error bars represent means and standard deviations of triplicates, respectively. EtNA*: 1-
ethylnicotinamide, ProNA*: 1-propylnicotinamide, BNA*: 1-benzylnicotinamide.
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Activity screen for double mutants with selected NCBs
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Figure S8: Activity screen of selected Tfu-FNO G29X/P89X double mutant variants, as well as A87S and
V113S, toward the natural NAD(P) precursor nicotinamide ribose (NR) and the polar artificial
nicotinamides AmNA*, EtOHNA* and ProOHNA®*. Data points represent individual k,,; measurements
and bars represent the mean value of these two data points.
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pH dependence for NCB reduction by Tfu-FNO
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Figure S9: pH dependence of NCB-reduction by Tfu-FNO.

Steady-state kinetic parameters for Tfu-FNO variants toward selected NADP*

Table S2: Steady-state kinetic parameters for wild-type Tfu-FNO and selected Tfu-FNO G29X and P89X
variants toward selected NADP*. Values are means from 3 independent measurements * standard
deviations.

variant keat (s) Km (M) keat/ Km (s M) (Keat! Km)mutant /(Kcat! Km)wt
wt 4.9 +0.21 1.1 +0.21 4.5-10®° +8.7-10°

G29L 0.63 £0.03 1.2:10® +140 522 + 65 1.2-10* +2.7-10°
G29W 2.6 +0.13 697 + 109 3.7-103 +612 8.4-10* +2.1-10*
G29Y 0.17 £0.005 8.2 +0.72 2.1-10* +£1.9-10° 4.7-10°3 +1.0-10°3
P89H 20 +0.61 14 1.5 1.4-10° +1.5:10° 0.3 +0.07

P89L 0.55 £0.02 65 +8.0 8.4-103 +1.1-103 1.9-10°3 +4.4-10*
P89Y 3.9 +0.16 86 15 45104 +£8.1-10° 1.0-107? +2.7-10°3
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