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1. General information and instrumentation 
 

Solvents were purified by standard methods. All commercially available reagents and 
substrates were used as received.  

For the buffers, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES, Sigma) and 1,4-
Piperazinediethanesulfonic acid (PIPES, Sigma) were used without further purification. 
ATPF (2-aminopurine riboside-5-O-triphosphate) was obtained from BioLog Life Science 
Institute and used as received. The concentration of ATPF in the stock solutions was 
determined by UV spectroscopy (pH 7, ε254 = 8000 l.mol-1.cm-1). TPEN (N,N,N′,N′-
Tetrakis(2-pyridylmethyl) ethylenediamine was purchased from Sigma-Aldrich and used as 
received. Zn(NO3)2 and Cu(NO3)2  were analytical grade products. 

Au MPC 1 was synthesized and characterized as described elsewhere and conserved at 4°C in 
mQ water. S1  

Fluorescence spectra were recorded on a Varian Cary Eclipse Fluorescence 
spectrophotometer equipped with a thermostatted cell holder. 

                                                           

S1 G. Pieters, A. Cazzolaro, R. Bonomi, L. J. Prins, Chem. Commun. 2012, 48, 1916. 
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2. Surface saturation concentrations of ATPF 
 
Fluorescence titrations were performed by adding consecutive amounts of a stock solution of 
2-aminopurine riboside-5'-O-triphosphate ATPF (typically around 0.2 mM in mQ water) to a 
3-mL aqueous solution (HEPES or PIPES, [C] = 10 mM) of Au MPC 1/Au MPC 1•Zn2+/Au 
MPC 1•Cu2+ at 25°C. Fluorimeter settings: λex/λem = 305/370 nm; slit 5/5 

For each fluorescence titration, surface saturation concentrations were determined both via 
extrapolation of the linear part of the titration curve and via fitting of the curve to a 1:1 
binding model as described before.S1  

The calculated ATPF saturation concentrations on Au MPC 1, Au MPC 1•Zn2+ and 1•Cu2+ 
are given in Tables S1, S2 and S3 respectively, as a function of the pH. 

Table S1: ATPF saturation concentrations on Au MPC 1 as a function of the pH. 

 ATPF saturation concentrations on Au MPC 1 (µM) 

pH extrapolation curve fitting average 

6.0 1.9 1.9 1.9 

6.5 1.3 1.3 1.3 

7.0 0.8 0.8 0.8 

7.5 0.6 0.6 0.6 

8.0 0.2 0.2 0.2 

  

Table S2: ATPF saturation concentrations on Au MPC 1•Zn2+ as a function of the pH. 

 ATPF saturation concentrations on 1-Zn2+ (µM) 

pH extrapolation curve fitting average 

6.0 2.3 2.4 2.4 

6.5 2.2 2.2 2.2 

7.0 2.5 2.5 2.5 

7.5 2.2 2.2 2.2 

8.0 2.1 2.1 2.1 
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Table S3: ATPF saturation concentrations on Au MPC 1•Cu2+ at pH = 7. 

 ATPF saturation concentrations on Au MPC 1•Cu2+ (µM) 

pH extrapolation curve fitting average 

7.0 2.2 2.2 2.2 

 

 

 

Figure S1. Fluorescence intensity (370 nm) as a function of the amount of ATPF added to Au MPC 
1•Cu2+ at pH = 7.0. 
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3. Surface saturation concentration of ATPF in the presence of TPEN•Zn2+ 
 

In order to evaluate the influence of the presence of the TPEN•Zn2+ complex on the 
binding of ATPF to the surface of Au MPC 1 and Au MPC 1•Zn2+, the amount of free ATPF 
in solution was measured upon addition of increasing amount of TPEN•Zn2+ complex (Figure 
S2).  

The absence of fluorescence intensity upon the addition of up to 500 µM of 
TPEN•Zn2+ to a solution of ATPF (2 µM) and Au MPC 1•Zn2+ ([TACN] = 10 µM) indicates 
that under these conditions ATPF is not displaced from the surface of Au MPC 1•Zn2+ 
(Figure S2, blue trace) 

Likewise, the constant fluorescence intensity of ATPF upon the addition of up to 200 
µM of TPEN•Zn2+ to a solution of ATPF (2 µM) and Au MPC 1 ([TACN] = 10 µM) indicates 
that no back transfer of Zn2+ from TPEN•Zn2+ to Au MPC 1 occurs. 

 

 

Figure S2. Normalized fluorescence intensity at 370 nm as a function of the amount of TPEN•Zn2+ 
added to Au MPC 1•Zn2+ (blue) and Au MPC 1 (red) at pH = 7.0. 

 

 

 

 

 

N
or

m
al

iz
ed

 fl
uo

re
sc

en
ec

 in
te

ns
ity

 

[TPEN•Zn2+] 



7 

 

4. General procedure for the ‘catch-and-release’ of ATPF  

ATPF (30 µL of a solution of [C] = 0.2 mM in mQ water) was added to a solution of 
AuMPC 1 ([TACN] = 10 µM) in HEPES ([C] = 10 mM, V = 2955 µL) and after 5 minutes of 
equilibration at 37 °C the fluorescence intensity (λex/ λem = 305/370 nm) was measured every 
minutes for 10 min. Then Zn(NO3)2 (15 µL of a solution [C] = 1mM in mQ water), was 
added and the fluorescence intensity (λex/ λem = 305/370 nm) was recorded. After 10 min, 
TPEN (15 µL of a solution [C] = 1mM in mQ water) was added and the fluorescence intensity 
was measured until the complete release of the ATPF corresponding to the starting value.  
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5. Release rate of ATPF at different concentrations of TPEN 

ATPF (30 µL of an 0.2 mM stock solution in mQ water) and Zn(NO3)2 (15 µL of a 
1.0 mM stock solution in mQ water) were added to a solution of Au MPC 1 ([TACN] = 10 
µM) in HEPES (10 mM, pH = 7) and after 10 minutes of incubation at 37 °C, TPEN (15 µL 
(1 eq.); 30 µL (2 eq.); 60 µL (4 eq.) or 120 µL (8 eq.) of a 1.0 mM stock solution in mQ water 
was added and the increase in fluorescence intensity at 370 nm was measured for a period of 
12 minutes. 

 

 

Figure S3. Fluorescence intensity (370 nm) as a function in time after the addition TPEN (1 eq. in 
green, 2 eq. in blue, 4 eq. in red, 8 eq in purple) to a solution containing Au MPC 1•Zn2+ ([TACN] = 
10 µM ; [Zn2+] = 5 µM) and ATPF (2 µM) at 37 °C, pH = 7 . 



9 

 

6. Fitting of ATPF-release  

The release curves as reported in Figure 3c and Figure 4 of the manuscript were fitted using a 
kinetic model based on two first-order terms. The experimental points were fitted using the 
following model implemented in Micromath Scientist for Windows, version 2.01. 

// MicroMath Scientist Model File 
IndVars: T 
DepVars: P, HP1, HP2 
Params: x, k1, k2, HP0 
HP10=x*HP0 
HP20=(1-x)*HP0 
HP1'=-k1*HP1 
HP2'=-k2*HP2 
P'=k1*HP1+k2*HP2 
// 
T=0 
HP1=HP10 
HP2=HP20 
P=0 
*** 
In which HP0 is total amount of ATPF that is released during the kinetic course (fixed and 
normalized on 1), X is the relative ratio of the two kinetic components having K1 and K2 as 
the respective first order rate constants. 
The results of the fitting of the release curves of Figure 3d are reported in Figure 3e. The 
results of the fitting of the release curves of Figure 4 are reported in the following section of 
the SI. 

Notes: 
1) In order to illustrate that the release rate of ATPF requires 2 kinetic terms rather than 

1, the release rate at pH = 8 was fitted also using a model based on single first order 
kinetic term (Figure S4-blue line). The red line is the best fit using 2 kinetic terms. 
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Figure S4. Fits of the release curves of ATPF at pH = 8 using 1 (blue line) or 2 (red line) kinetic 
terms. 
 

2) Fitting was limited to a model based on 2 kinetic terms, since this generally well-
described the release rate. Occasionally (see for example S4, but also the following 
section) the presence of additional (minor) kinetic components could be distinguished. 
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7. Release of ATPF from a heterometalated surface 

 
Fitting of the release curves reported in Figure 4 using the kinetic model described in section 

S6 gave the following values for X, k1 and k2. 

 
Table S4. Results of the fitting of the release curves of ATPF from heterometallated surfaces (Figure 

4 manuscript).  

 

Zn:Cu X k1 

(x10-3 min-1) 

k2 

(x10-3 min-1) 

1:0 0.88 35.8 3.5 

3:1 0.57 19.2 3.6 

1:1 0.46 23.4 2.1 

1:3 0.30 24.2 1.4 

0:1 0.18 18.1 1.0 

  

A plot of the ratio of the two kinetic terms as a function of the mole fraction of Zn2+ gives a 

trend that to a satisfactory degree reflects the surface composition. The deviation from the 

(expected) straight lines originates from the presence of additional kinetic terms in the release 

rate (see for instance the 100% Cu2+ surface and the general discussion in the manuscript). 
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Figure S5. Relative contributions to the release rates of the two kinetic terms as a function of the mole 
fraction of Zn2+ on the surface. 


