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Figure S1. Selection of a luminescence method to assess the probes’ discrimination. Plots show 
the emission spectra with PAP (red) and PAPS (blue) superimposed on a plot of the PAP/PAPS 
emission ratio for each wavelength (grey) demonstrating that, for each complex, emission at 613 nm 
offers the best combination of discrimination and intensity (and therefore sensitivity). The tables show 
that in every case the PAP/PAPS emission ratio at 613 nm was superior to the ratio of total emission 
and to the ratio of the (ΔJ=2)/(ΔJ=1) emission. ΔJ=1 band defined as 585-605 nm, ΔJ=2 band defined 
as 610-627 nm.
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Figure S2. Binding titrations with PAPS (A) and PAP (B) conducted using 5 µM probe, 50 mM TRIS, 
pH 7.4, 295 K. Plots are representative examples of two independent experiments; logKa values are 
averages ± standard deviation.
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Table S1. Full lifetime data (expressed in ms) for complexes with added anions. Experiments were 
conducted in 50 mM TRIS using 50 µM complex and 1 mM anion; λex = 322 nm, λem = 620 nm. a very 
short lifetimes prevented accurate estimation of q value. 
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Figure S3. Absorbance data for complex EumNH2. (A) Absorption spectra at increasing 
concentration of complex. B) Absorbance maximum (322 nm) plotted against concentration. 
Experiments conducted in water at 295 K. 
 
 
 
 
 

 
 
Figure S4. Absorbance data for complex EuBn.  (A) Absorption spectra at increasing concentration 
of complex. (B) Absorbance maximum (322 nm) plotted against concentration. Experiments conducted 
in water at 295 K. 

0

0.02

0.04

0.06

0.08

0.1

0.12

270 290 310 330 350 370

A
bs

or
ba

nc
e

Wavelength (nm)

0

0.02

0.04

0.06

0.08

0.1

0.12

0 0.00002 0.00004 0.00006

A
bs

or
ba

nc
e 

at
 3

22
nm

Concentration (M)

A 

Increasing
[EumNH2] 

B 



 6 

 

 

Figure S5. The effects of pH on the absorption and emission spectra of EumNH2. (A) Emission 
intensity at 613 nm of EumNH2 is strongly pH-dependent but constant in the relevant range 6 – 7.8. 
(B) lmax (322 nm) remains unchanged across the pH range and a high energy band centred at 292 nm 
emerges at higher pH. (C) Spectral form is unchanged in the pH range 2.6 – 7.8 (D) Above pH 7.8 
spectral form changes are observed suggesting co-ordination of hydroxide. Experiment conducted 
using 5 µM probe in 50 mM TRIS at 295 K. 
  



 7 

 

 
 
Figure S6. Emission of EumNH2 in H2O (A) and D2O (B). Emission from the unbound complex (grey) 
is 2.9 times higher in D2O but enhanced less by the addition of anions consistent with water 
displacement, rather than blocking PET, being the main pathway of emission enhancement. 
Experiments conducted using 5 µM probe, 250 µM in 50 mM TRIS, pH 7.4/pD 7.8, 293 K
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Figure S7. (A) Phosphate, but not other selected inorganic ions, gives significant enhancement in 
emission intensity of EumNH2. (B) Adding phosphate to EumNH2 gives similar spectral form changes 
to those observed with PAPS and PAP. Experiments conducted using 5 µM probe, 1 mM anion in 50 
mM TRIS at pH 7.4 and 295 K.  

0

2

4

6

8

10

12

14

Bla
nk

Ph
os
ph
ate

Su
lfa
te

Nit
rat
e

Ch
lor
ide

Bic
arb
on
ate

La
cta
teR

el
at

iv
e 

flu
or

es
ce

nc
e 

in
te

ns
ity

 a
t 6

13
nm

Anion (1mM)

0

5000

10000

15000

20000

25000

30000

550 600 650 700

Em
is

si
on

 in
te

ns
ity

Wavelength (nm)

Complex Phosphate

A B 



 9 

 
 
 
Figure S8. Phosphate, rather than phosphosulfate or hydroxyl groups are required for significant 
emission enhancement from EupBOH2 (A) or EuBn (B). Experiments conducted using 5 µM probe, 
250 µM anion in 50 mM TRIS at pH 7.4 and 295 K.  
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Figure S9. Effects of heparin on emission from EumNH2. The addition of heparin does not significantly 
affect the emission from EumNH2 either in the absence of anion (A) or the presence of either anion of 
interest (B, C). Experiments conducted using 5 µM probe, 250 µM anion, 500 µM heparin in 50 mM 
TRIS, pH 7.4, 293 K. 
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Figure S10. Enzyme simulation experiments confirm the ability of the probes to signal the 
PAPS/PAP ratio. Emission of the probes with mixtures of PAPS and PAP in varying proportions show 
linear correlations (r2 = 0.965, 0.907 and 0.974 respectively). The gradients (1.6, 1.4 and 1.9, 
respectively) reflect the discriminatory power of each probe, which are consistent with emission 
experiments (Figure 1 of main article). All experiments conducted at 5 µM probe, total [anion] 250 µM, 
5 mM MgCl2 in 50 mM TRIS at pH 7.4 and 295 K. Data points are mean ± SEM of at least three 
independent experiments conducted in triplicate. 
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Figure S11. Expression and purification of GST-HS3ST1. The supernatant after cell breakage by 
sonication was applied to a glutathione resin column and the eluted fraction was applied to a heparin-
affinity column. Samples were analysed by SDS-PAGE and Coomassie blue staining.  P, bacterial 
pellet; S, supernatant following cell breakage; FT, unbound flow through fraction from the glutathione 
affinity column; E(G) eluate from the glutathione affinity column; E(H) eluate from the heparin affinity 
column.  
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Figure S12. Partial 1H NMR spectra showing conversion of PAPS to PAP by GST-HS3ST1. All 
samples were in 50 mM phosphate buffer and 170 mM NaCl, pH 7.4. A) the spectrum of 100 µM PAPS 
(8.462 ppm) and 1 µM GST-HS3ST1; B) the spectrum of 100 µM PAP (8.529 ppm); C) the spectrum of 
100 µM PAPS, 2 mg/mL heparin and 1 µM GST-HS3ST1 after mixing; D) the spectrum of 100 µM 
PAPS, 2 mg/mL heparin and 1 µM GST-HS3ST1 after overnight incubation.  
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Figure S13. Atom numbering scheme for new compounds  


