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Supplementary Figures

a) = cpT-Sapphire b) & mCherry
G &
£ g
3" 80000 Ex. Em. = 200000 Ex. Em.
8 E
o = 60000 > 150000 &
s = = v_.',/l
g = & 100000 /
8 S 40000 4 [ =
2 = " ; = | "
© 20000 / 3 50000
Q |- ] c
b5 | - o3
2 0 4 = —_— 2 0 - - - : ,
s 350 450 550 650 S 450 500 550 600 650
= =
[ Wavelength (nm) 2 Wavelength (nm)
C d
) j
£ £
5 80000 7 Ex. Em. > 200000 Ex. Em.
S 2
o £ 60000 < 150000
®© P &
L = a =
vy (%] % 2
& S 40000 \ $ 100000
Z IS \ A S
Y 20000 k @ 50000
g | g
2 0 - = . 2 0 gt ; . ,
5 350 450 550 650 ‘g 450 500 550 600 650
[ Wavelength (nm) = Wavelength (nm)
e) 5 f) R
‘3 Ex Em £ Ex Em
100000 : : £ 160000 . .
_Q‘ >
S &
% < 75000 > 120000 R
E = *5_,' y
wn 2 (o
a $ 50000 & 80000
s = £
Y 25000 3 40000 /
5 b5 i
@ 0 2 0 -
2 8 . . . . )
5 S 450 500 550 600 650
=) =
S Wavelength (nm) = Wavelength (hm)
g) z h) 3
2 E
; 60000 Ex. Em. 5 200000 Ex. Em.
= 2
o . = A
E g 40000 > 150000
|7 [}
e o § 100000
2 < 20000 £
g ?“\ A 8 50000 /\
] ) 4 S
2 0 /' L = : ; 2 R = ; : ;
.
S 350 450 550 650 § 450 500 550 600 650
- Wavelength (nm) i o Wavelength (nm)
i) _ ) .
2 £
5 S EX. Em.
& 300000 Ex. Em. & 300000
© - =
= 2225000 > 225000
] 2 2 3
a © 150000 S 150000 y
= < = g
8 75000 ‘/".‘\ A 8 75000 / g
c § (o ]
Q (9] 4
‘g 350 450 550 650 § 450 500 550 600 650
T T

Wavelength (nm) Wavelength (nm)



k) = cpT-Sapphire ) - mCherry
£ 2
= Ex. Em. = Ex Em
8 160000 & 400000
3, ©
bl 2 120000 2 300000
S a G
5] 9] S
a £ 80000 2 200000
< £ X =
o £ ) !
= S 40000 - 4R\ Fa S 100000
8 ,A !4 \Qj\ (7]
@ @ o
o 0 + ; . ) o 0 -
—_
E 350 450 550 650 S 450 500 550 600 650
Z 3
Wavelength (nm) == Wavelength (nm)
m) n _
= %)
E £
=3
x = Ex: Em.
S 200000 Ex. Em. = 400000
L =
e} > =
@ 2 150000 ‘E 300000 A
S Q = A £L
» + 100000 2 200000 Lo LA
& ° . = ial A
2 £ 50000 2 \ 8 100000 //,( N
Q g ) c /
Q f = ] v
wv — o
g 0 B —— o 0 - - . : )
o —
E 350 450 550 650 S 450 500 550 600 650
o

Wavelength (nm) Wavelength (nm)

[NADPH] pM + 0.001+0.01 0.1 +0.2+05+1 -2 -5 10 100
©0.001 001 «0102+05¢1 =25 10 -100

Supplementary Figure 1. Fluorescence spectra of NAPstars.

Fluorescence excitation (Ex.) and emission (Em.) intensity spectra of (a,c,e,g,i,k,m) the cpT-Sapphire
and the mCherry (b,d,f,h,j,I,n) fluorophores of the different NAPstar variants, incubated in the
presence of 150 uM NADP* and NADPH at the indicated concentrations ranging from 0—-100 puM.
Sensor protein concentrations were adjusted to 240 nM (n=3 technical replicates). Data are
presented as means.



Supplementary Figure 2
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Supplementary Figure 2. NAPstars report the NADP redox state.

a—g, NAPstar variants were incubated in the presence of total NADP concentrations ([NADPH] +
[NADP*]) of 100 uM, 300 uM and 500 puM. Different NADP redox states were set by adjustment of the
relative NADPH and NADP* concentrations. Sensor protein concentrations were adjusted to 240 nM
for all measurements (n=3 technical replicates). Data are presented as mean * s.d. normalised to the
highest data point.
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Supplementary Figure 3. NAPstar measurements are resistant to pH changes.

a-h, Individual NAPstar family proteins were incubated in buffers with different pH values spanning
the physiologically relevant pH range (see Methods section). All probes were incubated in the
presence of 150 UM NADP* and NADPH at the indicated concentrations to establish different NADPH
or NADP* occupancies. NADPH concentrations were used to establish saturation by NADP* binding
only (buffer; i.e. no NADPH; blue), approximately half occupancy by NADP* and NADPH each as
informed by the the specific K; of the respective NAPstar variant (red), and saturation by NADPH
binding only (100 or 500 uM NADPH; green). An exception is NAPstarC (a) due to lack of substrate
binding. Sensor protein concentrations were adjusted to 240 nM (n=3 technical replicates for all
measurements). Data are presented as mean + s.d. normalised to the lowest data point.
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Supplementary Figure 4. NAPstar-based online monitoring of NADP redox dynamics in vitro.

a,b NADP* (initial concentration 500 uM) to NADPH conversion was initiated by the addition of 1 mM
isocitrate in the presence of isocitrate dehydrogenase. b, buffer only addition as a control. c,d
NADPH (initial concentration 100 uM) to NADP* conversion was initiated by the addition of 1 mM
glutathione disulfide in the presence of glutathione reductase. d, buffer only addition as a control e,f
NADPH (initial concentration 100 uM) to NADH conversion was initiated by the addition of alkaline
phosphatase. f, buffer only addition as control Enzyme origin, quantities and assay buffer conditions
are specified in the Methods section. Sensor protein concentrations were adjusted to 430 nM (n=3

technical replicates). Data are presented as mean * s.d. normalised to the average before the
treatment.



Supplementary Figure 5
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Supplementary Figure 5. NAPstars are well suited to fluorescence-lifetime measurement.

a, NAPstar4.3 was incubated in the presence of 150 uM NADP* and different NADPH/NADP* ratios
were established by adjusting NADPH (1-250 uM). Fluorescence lifetime measurements of cpT-
Sapphire signal were performed at 440 nm pulsed laser excitation and 550/49 nm bandpass filter
emission as detailed in the Methods section. Sensor protein concentrations were adjusted to 240
nM. Kynappr) Was calculated at 40.5 uM. (n=3 independent experiments, each with 10 technical
replicates). Data are presented as mean # s.d.
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Supplementary Figure 6. NAPstar responses in the yeast cytosol to external H,0,.

Related to Figure 2. Response of wild-type (a, ¢, e, g, i, k) and Azwf1 (b, d, f, h, j, 1) yeast cells
expressing the indicated NAPstar variants, to treatment with H,0; at the indicated concentrations
(n=3 repeats with cells from independent cultures). Data are presented mean # s.d. Identical
experimental settings were used for all panels allowing for direct comparison of TS/mC between
datasets.
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Supplementary Figure 7. Oxidative pentose pathway-derived NADPH robustly protects the
cytosolic NADP pool against oxidation by t-BuOOH.

Related to Fig. 2b—g. a—f, Response of PeredoxDS, NAPstar3 and NAPstarC probes, expressed in the
cytosol of wild-type and Azwf1 yeast cells, to the addition of exogenous t-BuOOH at the indicated
concentrations (n=3 experimental repeats in which t-BuOOH responses was monitored in cells
derived from independent cultures). Data are presented mean * s.d. Identical experimental settings
were used for all panels allowing for direct comparison of TS/mC between datasets.
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Supplementary Figure 8. Oscillations in cytosolic NADP and NAD redox state accompany the yeast
metabolic cycle (YMC).

Related to Figure 3. a—c, Replicate traces supporting Fig. 3¢, showing the changes in dissolved
oxygen, NAPstar4.3 (NADP redox state), Peredox (NAD redox state) and Hyper7 (H,0,) during 3.5
complete cycles of the YMC.



Supplementary Figure 9

cpT-Sapphire mCherry Chlorophyll Merged Ratio
5 ratio
25
NAPstar3 e
15 2
1
05
N .
Wild type
Col-0

Supplementary Figure 9. NAPstar expression in Arabidopsis leaf epidermis.

Confocal microscopy images of NAPstar3, NAPstarC and the wild-type (Col-0) in the cytosol of
Arabidopsis thaliana plants. Images show the abaxial leaf epidermal layer. Identical microscope
settings were used for all lines (see Methods section). Corresponding ratio images that display TS/mC
are shown on the right as calculated using the RRA custom software package (see Methods section).
Scale bar =20 um.
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Supplementary Figure 10. Cytosolic redox dynamics accompany hypoxia-reoxygenation in plants.

Related to Figure 4. a,b, NAPstarC (control), c,d, NAPstar4.3 (NADP redox state), e,f, Peredox (NAD
redox state), g,h, Grx1-roGFP2 (glutathione redox potential; Ecsn), and i,j, roGFP2-Orp1 (H,0,)
dynamics in response to the indicated period of hypoxia with 1% and 5% oxygen respectively (n=7 for
NAPstarC, NAPstar4.3 and Grx1-roGFP2, n=8 for Peredox at 1% oxygen; n=6 for NAPstarC, n=7 for
Grx1-roGFP2, roGFP2-Orpl and NAPstar4.3, and n=8 Peredox with 5% oxygen referring to individual
leaf discs from individual plants). In all panels, data are presented as mean + s.d. normalised to the
average value before the induction of hypoxia.
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Supplementary Figure 11. NERNST resembles the dynamics of Grx1-roGFP2 but not NAPstar4.3
during hypoxia-reoxygenation in plants.

Related to Figure 4. a—e, Response of NAPstar4.3, Peredox, NERNST; Grx1-roGFP2 and NAPstarC
probes to hypoxia with 0.1% oxygen (n=4 for Grx1-roGFP2 and n=6 for NERNST, NAPstarC,
NAPstar4.3 and Peredox referring to individual leaf discs from individual plants). In all panels, data
are presented as mean + s.d. normalised to the average value before the induction of hypoxia.
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Supplementary Figure 12. Glutathione reductase deletion does not change NAPstarC and
PeredoxDS responses to diamide in yeast.

Related to Figure. 5. Response of cytosolic NAPstarC or PeredoxDS probes to exogenous diamide at
the indicated concentrations in wild-type (a, b), Aglrl (c, d), and Atrx1Atrx2 (e, f) cells (n=3
measurements made with cells derived from independent cultures). In all panels, data are presented
as mean = s.d. Identical experimental settings were used for all panels allowing for direct comparison
of TS/mC between datasets.
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Supplementary Figure 13. NERNST resembles the dynamics of Grx1-roGFP2 in yeast when the
NADP and the glutathione redox systems are uncoupled by the absence of glutathione reductase.

Related to Figure 5. Response of cytosolic NAPstarC, NAPstar3, NAPstar6, roGFP2, roGFP2-Grx1 and
NERNST probes to exogenous H,0, at the indicated concentrations in wild-type, Aglr1, Aglr1Agrx1
and AglriAgrx1Agrx2 cells. (n=3 measurements made with cells derived from independent cultures).
In all panels, data are presented as mean # s.d. Identical experimental settings were used for all
panels allowing for direct comparison of TS/mC between datasets.
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Supplementary Figure 14. NERNST resembles the dynamics of Grx1-roGFP2 in yeast when the
NADP and the glutathione redox systems are uncoupled by the absence of glutathione reductase.

Related to Figure 5. Response of cytosolic NAPstarC, NAPstar3, NAPstar6, roGFP2, roGFP2-Grx1 and
NERNST probes to exogenous t-BuOOH at the indicated concentrations in wild-type, Aglr1,
Aglr1Agrx1 and Aglr1Agrx1Agrx2 cells. (n=3 measurements made with cells derived from
independent cultures). In all panels, data are presented as mean * s.d. Identical experimental
settings were used for all panels allowing for direct comparison of TS/mC between datasets.
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Supplementary Figure 15. NERNST resembles the dynamics of Grx1-roGFP2 in yeast when the
NADP and the glutathione redox systems are uncoupled by the absence of glutathione reductase.

Related to Figure 5. Response of cytosolic NAPstarC, NAPstar3, NAPstar6, roGFP2, roGFP2-Grx1 and
NERNST probes to exogenous diamide at the indicated concentrations in wild-type, Aglrl, AglriAgrx1
and Aglr1Agrx1Agrx2 cells. (n=3 measurements made with cells derived from independent cultures).
In all panels, data are presented as mean # s.d. Identical experimental settings were used for all
panels allowing for direct comparison of TS/mC between datasets.
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Supplementary Figure 16. Glutathione reductase deletion protects against H,O,-induced NADP
oxidation in plants.

Related to Figure. 6. All six individual experimental repeats of the data in Fig. 6b—e. In all panels, data
are presented as mean + s.d. Data were normalised to the average before the treatment.



Supplementary Figure 17
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Supplementary Figure 17. Glutathione reductase deletion protects against H,0,-induced NADP
oxidation in HEK293 cells.

Related to Figure 7. Response of NAPstar3b expressed in the cytosol of wild-type and glutathione
reductase deleted (GSR KO) HEK293 cells to the buffer control (n=26 individual cells measured in two
independent experimental repeats for both wild-type and GSR KO cells).



Supplementary Table 1: Plasmids generated for cloning.

Backbone Sensor Generated by
pDONR207 NAPstarC GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstarl GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar2 GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar3 GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar4 GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar3b Site-directed
mutagenesis
pDONR207 NAPstar6 GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar7 GeneScript Biotech,
Rijswijk, Netherlands
pDONR207 NAPstar4.3 Apal and Hindlll digest




Supplementary Table 2: Plasmids generated for plant expression.

Backbone Sensor Generated by

pSS02 NAPstarC Gateway Cloning
pSS02 NAPstarl Gateway Cloning
pSS02 NAPstar2 Gateway Cloning
pSS02 NAPstar3 Gateway Cloning
pSS02 NAPstar3b Gateway Cloning
pSS02 NAPstard Gateway Cloning
pSS02 NAPstar6 Gateway Cloning
pSS02 NAPstar7 Gateway Cloning
pSS02 NAPstar4.3 Gateway Cloning




Supplementary Table 3: Plasmids generated for bacterial expression.

Backbone Sensor Generated by

pETG10a NAPstarC Gateway Cloning
pETG10a NAPstarl Gateway Cloning
pETG10a NAPstar2 Gateway Cloning
pETG10a NAPstar3 Gateway Cloning
pETG10a NAPstar3b Gateway Cloning
pETG10a NAPstard Gateway Cloning
pETG10a NAPstar6 Gateway Cloning
pETG10a NAPstar7 Gateway Cloning
pETG10a NAPstar4.3 Gateway Cloning




Supplementary Table 4: Plasmids generated for mammalian expression.

Backbone Sensor Generated by

pcDNA3.1(+) HyPer7 GeneScript Biotech,
Rijswijk, Netherlands

pcDNA3.1(+) NAPstar3b GeneScript Biotech,

Rijswijk, Netherlands




Supplementary Table 5: Plasmids generated for yeast expression.

Backbone Sensor Generated by
p413TEF NAPstarC GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstarl GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstar2 GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstar3 GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstard GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstar6 GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstar7 GeneScript Biotech,
Rijswijk, Netherlands
p413TEF NAPstar4.3 Restriction
digest/Ligation
p413TEF Peredox GeneScript Biotech,
Rijswijk, Netherlands
p413TEF PeredoxDS Site-directed
mutagenesis
p413TEF NERNST GeneScript Biotech,
Rijswijk, Netherlands
p413TEF HyPer7 GeneScript Biotech,
Rijswijk, Netherlands
p413TEF roGFP2-Grx1 Xbal and Xhol digest




Supplementary Table 6: Primers used in this study.

TCGGTGTCACTAatcgatgaattcgagctcg

CEN.PK113-1A

Number | Primer Sequence Purpose Company
Pri NAPstar3b_for TCGCGGTGGTTATATCGAACACGTCG | Generation of Merck KGaA,
plant/ in vitro Darmstadt, Germany
NAPstar3B
Pr2 NAPstar3b_rev ACCGGCCGACCAACCTTC Generation of Merck KGaA,
plant/ in vitro Darmstadt, Germany
NAPstar3B
Pr3 Peredox_D117S_fwd | GAATTGAGAGGTTTCTTTTCCGTTGATC | Mutagenesis for Eurofins Genomics
CAGGCATGGTTGGTAGACC .
generation of GmbH, Ebersberg,
PeredoxDS Germany
Pr4 Peredox_D117S_rev | GGTCTACCAACCATGCCTGGATCAACG | Mutagenesis for Eurofins Genomics
GAAAAGAAACCTCTCAATTC .
generation of GmbH, Ebersberg,
PeredoxDS Germany
Pr5 Peredox_D574S_fwd | CATTTGAATTAAGAGGTTTCTTTTCCGT | Mutagenesis for Eurofins Genomics
TGATCCAGGCATGGTCGG .
generation of GmbH, Ebersberg,
PeredoxDS Germany
Pré6 Peredox_D574S_rev | CCGACCATGCCTGGATCAACGGAAAAG | Mutagenesis for Eurofins Genomics
AAACCTCTTAATTCAAATG .
generation of GmbH, Ebersberg,
PeredoxDS Germany
Pr7 S1 ZWF1_fwd 2?/1//:2gg\iéi?éi@&l@ftﬁ?gﬁf;\i Deletion of ZWF1 Eurofins Genomics
in BY4742 GmbH, Ebersberg,
Germany
Pr8 S2_7ZWF1_rev ?fgg:%’;iig&gﬁgii’z;T:;CGgC Deletion of ZWF1 Eurofins Genomics
in BY4742 GmbH, Ebersberg,
Germany
Pr9 S1_TRX1 fwd &ﬁlﬂ&ﬁ;ﬁéﬁ;ﬁE;gggcggffgz Deletion of TRX1 in | Eurofins Genomics
BY4742 GmbH, Ebersberg,
Germany
Prio S2_TRX1_rev gﬁgggﬁ%ﬁ?ﬁ;ﬁ::t’g::tigfgﬁ?g Deletion of TRX1 in | Eurofins Genomics
BY4742 GmbH, Ebersberg,
Germany
Pri1 S1_TRX2_fwd :gi?g:;&c;?gf/:;CAT‘thTTAAATAAC Deletion of TRX2 in | Eurofins Genomics
gracgctgcaggtegac BY4742 GmbH, Ebersberg,
Germany
Pri2 S2_TRX2 rev ?/géggéli;ﬁigﬁifm@CGTTAATA Deletion of TRX2 in | Eurofins Genomics
gatgaaticgaeCtce | pya742 GmbH, Ebersberg,
Germany
Pri3 S1_HIS3 fwd gi;g?&i‘gg:%?fGCAAGATAAAC Deletion of HIS3in | Merck KGaA,
gracgctgcaggicgac CEN.PK113-1A Darmstadt, Germany
Pri4 S2_HIS3 rev ATATATCGTATGCTGCAGCTTTAAATAA | Deletion of HIS3 in | Merck KGaA,

Darmstadt, Germany




Supplementary Table 7: Yeast strains used in this study.

Genotype Source
BY4742 MATa his3A1 leu2A1 lys2A0 ura300 Euroscarf
BY4742+p413TEF empty This study
BY4742+p413TEF PeredoxDS This study
BY4742+p413TEF NAPstarl This study
BY4742+p413TEF NAPstar2 This study
BY4742+p413TEF NAPstar3 This study
BY4742+p413TEF NAPstar6 This study
BY4742+p413TEF NAPstar7 This study
BY4742+p413TEF NAPstarC This study
BY4742+p413TEF roGFP2-Grx1 This study
BY4742+p413TEF NERNST This study
BY4742 Azwfl::natNT2 This study
BY4742 Azwf1+p413TEF empty This study
BY4742 Azwf1+p413TEF PeredoxDS This study
BY4742 Azwf1 +p413TEF NAPstarl This study
BY4742 Azwf1+p413TEF NAPstar2 This study
BY4742 Azwf1 +p413TEF NAPstar3 This study
BY4742 Azwf1 +p413TEF NAPstar6 This study
BY4742 Azwf1 +p413TEF NAPstar7 This study
BY4742 Azwf1 +p413TEF NAPstarC This study
BY4742 Agirl::kanMX4 Morgan et al., 2013
BY4742 Aglr1 +p413TEF empty This study
BY4742 Aglrl +p413TEF PeredoxDS This study
BY4742 Aglr1 +p413TEF NAPstar3 This study
BY4742 Aglr1 +p413TEF NAPstarC This study
BY4742 Aglrl +p413TEF roGFP2-Grx1 This study
BY4742 Agirl +p413TEF NERNST This study
BY4742 trx1::kanMX4 Atrx2::natNT2 This study
BY4742+p413TEF empty This study
BY4742+p413TEF PeredoxDS This study
BY4742+p413TEF NAPstar3 This study
BY4742+p413TEF NAPstarC This study
CEN.PK113-1A Kind gift from P. Kotter, Frankfurt
CEN.PK113-1AAhis3::hphNTI This study
CEN.PK113-1AAhis3 +p413TEF NAPstar4.3 This study
CEN.PK113-1AAhis3 +p413TEF Peredox This study
CEN.PK113-1AAhis3 +p413TEF HyPer?7 This study




NAPstar amino acid sequences.

Colour code in the NAPstar amino acid sequences:

Rex domain amino acids

Rex nucleotide-binding site mutations|

SAAGGHG = Linker sequences between the first, N-terminal Rex domain and cpTS

T = Linker sequence between cpT-Sapphire and the second, C-terminal Rex domain
GSGTGGNASDGGGSGG = Linker sequence between the C-terminal Rex domain and mCherry
Sequence for cpT-Sapphire

Sequence for mCherry

(59)

(VAS) amino acids only present in the bacterial and plant codon-optimised NAPstar constructs.

NAPstarl:

M(GS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GRLGSALADWPGFGESFELRG FFVG RPVRGGVIEHVDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQONTPIGDGPVLLPDNHYLSIOSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVGRPVRGGVIEHVDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVAVENVDFLAGLTRLSF
AILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar2:

M(CS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GRLGSALADWPGFGESFELRG FFVG RPVRGGVI EHEDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVGRPVRGGVIEHEDLLPQRVPG RIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVENVDFLAGLTRLSFA
ILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar3:

M(G5/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GRLGSALADWPGFGESFELRG FFVGRPVRGGVIEHDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVG RPVRGGVIEHHDLLPQRVPG RIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVENVDFLAGLTRLSFA
ILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*



NAPstar4:

M(GS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GELGSALADWPG FGESFELRGFFVG RPVRGGVIEHVDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVH RTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGELGSALADWPGF
GESFE LRGFFVGRPVRGGVIEHVDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVAVENVDFLAGLTRLS
FAILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPF
AWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLOQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASS
ERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar6:

M(GS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GRLGSALADWPGFGESFELRG FFVGRPVRGGVIEHVDLLPQRVPG RIEIALLT&PREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVGRPVRGGVIEHVDLLPQRVPGRIEIALLTHPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVAVENVDFLAGLTRLSFA
ILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar7:

M(GS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GRLGSALADWPGFGESFELRG FFVGRPVRGGVIEHVDLLPQRVPG RIEIALLTEPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYOQONTPIGDGPVLLPDNHYLSIOQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVGRPVRGGVIEHVDLLPQRVPGRIEIALLTEPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVENVDFLAGLTRLSFA
ILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar3b:

MKVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSAL
ADWPGFGESFELRG FFVGRPVRGGHIEHVDLLPQRVPG RIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVENVDILA
GLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKQKNGIKANFKIRHNIEDGGVQLADHYQQNTPIGDGPVLLPDNHYLSIQSKLSKDPNEKRD
HMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFS
YGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAAISRLITYLR
ILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFGESFELRG
FFVGRPVRGGVIEHDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVAVENVDFLAGLTRLSFAILNPKW
REEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQ
FMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPED
GALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*

NAPstar4.3:

M(G5/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GELGSALADWPG FGESFELRGFFVG RPVRGGVIEHVDLLPQRVPGRIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGRLGSALADWPGFG
ESFELRG FFVG RPVRGGVIEHHDLLPQRVPG RIEIALLTVPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVENVDFLAGLTRLSFA
ILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*



NAPstarC:

M(GS/VAS)KVPEAAISRLITYLRILEELEAQGVHRTASEQLGELAQVTAFQVDKDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGM
GELGSALADWPG FGESFELRGFFVG RPVRGGVIEHVDLLPQRVPGRIEIALLTPREAAQKAADLLVAAGIKGILN FAPVVLEVPKEVA
VENVDILAGLTRLSFAILNPTWSAAGGHGFTAHNVYIMADKOKNGIKANFKIRHNIEDGGVOLADHYQQONTPIGDGPVLLPDNHYLSIQSKLSK
DPNEKRDHMVLLEFVTAAGITHGMDELYKGGTGGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPW
PTLVTTFSYGVMVFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNTKVPEAA
ISRLITYLRILEELEAQGVH RTASEQLGELAQVTAFQVDEDLSYFGSYGTDGVGYTVPVLKRELRHILGLNRKWGLCIVGMGELGSALADWPGF
GESFE LRGFFVGRPVRGGVIEHVDLLPQRVPGRIEIALLTHPREAAQKAADLLVAAGIKGILNFAPVVLEVPKEVAVE NVDFLAGLTRLSF
AILNPKWREEMMGSGTGGNASDGGGSGGMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKGGPLPFA
WDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLODGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSE
RMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK*



