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Abbreviations 

 

Boc: tert-butyloxycarbonyl; CD: circular dichroism; DCM: dicholoromethane; DIEA: 

N,N-diisopropylethylamine; DMF: N,N-dimethylformamide; ESI: electrospray 

ionization; Et2O: diethylether; Fmoc: 9-fluorenylmethoxycarbonyl; HCTU: 2-(6-

chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluoro-phosphate; 

HEPES: hydroxyethyl-piperazineethane-sulfonic acid; HPLC: high performance liquid 

chromatography; MeCN: acetonitrile; LRMS: low resolution mass spectrometry; 

NMRD: Nuclear Magnetic Relaxation Dispersion; Pd(PPh3)4: 

tetrakis(triphenylphosphine)-palladium(0); PyBOP: (benzotriazol-1-

yloxy)tripyrrolidino-phosphonium hexafluorophosphate; SBM: Solomon-

Bloembergen-Morgan; tBu: tert-butyl; TCEP: tris(2-carboxyethyl)phosphine ; TFA: 

trifluoroacetic acid; Trt: trityl ; UV-Vis: ultraviolet-visible 

 

 

 

 

Fig. S1: Sequence of LZF2Ln (Ln = Tb or Gd). 
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Fig. S2: HPLC chromatogram and ESI-MS spectra of ZFQE (A), ESI-MS spectra of ZFQETb 

(B) and ZFQEGd (C). 

 

 

Fig. S3: A and B) Evolution of the tryptophan fluorescence emission (ex = 280 nm) upon 

addition of Zn2+ in a solution of ZFQDTb (100 µM). C and D) Evolution of the tryptophan 

fluorescence emission (ex = 280 nm) upon Zn2+ addition in a solution of ZFQETb (20 µM). 

Samples were prepared in unbuffered water, pH adjusted to 7.4 for CD and in a HEPES buffer 

(10 mM, pH 7.4) containing 250 µM TCEP for luminescence. 
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Fig. S4: Absorption (blue) and time-gated Tb3+ luminescence excitation (black, em = 545 nm, 

delay = 0.1 ms) and emission (green, ex = 280 nm, delay = 0.1 ms) spectra of ZFQETb in 

HEPES buffer (10 mM, pH 7.4). 

 

 

Fig. S5: Plot of the Tb3+ luminescence decay rate constants kTb against the volume fraction of 

H2O in H2O/D2O mixtures for free (black) and Zn-loaded (red) ZFQETb (A) and ZFQDTb (B).1 

Decays were recorded in a HEPES buffer (10 mM, pH 7.4) containing 250 µM TCEP. 
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Fig. S6: Selectivity plot obtained by measuring the relaxivity of ZFQEGd (0.38 mM) alone (left) 

or in the presence of 1 eq. of Zn2+, to which 0.15 eq. or 1 eq. of Cu2+ have been added. All 

solutions were prepared in HEPES buffer solution (100 mM, pH 7.4, 25 mM TCEP). 

 

 

Table S1. Best-fit parameters obtained from the fitting of the 1H NMRD profiles to the SBM 

theory. 

Parameters ZFQEGd 

qa 1 

kex
298 (106 s-1)a 111 

H≠ (kJ mol-1)a 21 

ER (kJ mol-1) 22 ± 4 

R
298 (ps) 990 ± 50 

EV (kJ mol-1)a 1 

𝜏𝑉
298 (ps) 13 ± 3 

2 (1019 s-2) 0.09 ± 0.01 

a Fixed during the fitting procedure. 
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Fig. S7. Mean intensity of phantoms of ZFQEGd (⚫), Zn-ZFQEGd (◼) and HEPES (◆), and of 

background noise () measured on MRI images acquired at a fixed TE value of 9.9 ms, with 

9 different TR values ranging from 25 ms to 3000 ms. Images were acquired with a spin echo 

sequence at 9.4 T, with a BioSpec 94/20 Bruker spectrometer. An exponential fitting of these 

curves allows measurement of the T1 relaxation time constants of the phantoms. 

 

Equations used for the analysis of the NMRD data 

The measured longitudinal proton relaxation rate, 
obs

1R  is the sum of the paramagnetic and 

diamagnetic contributions as expressed in Eq. 1, where r1 is the proton relaxivity: 

Gd

dpdobs crRRRR +=+=
11111           [1] 

The relaxivity can be divided into terms of inner and outer sphere, as follows: 

1os1is1 rrr +=
         [2] 

The inner sphere term is obtained in Eq. 3, where q is the number of inner sphere water 

molecules.2  

m
H

1m

1is
T.

q
r

+
=

1

55551000

1

        [3] 

The longitudinal relaxation rate of inner sphere protons, 1/T1m
H is expressed by Eq. 4, where 

rGdH is the effective distance between the electron charge and the 1H nucleus, I is the proton 

resonance frequency and S is the Larmor frequency of the GdIII electron spin. 
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The longitudinal and transverse electronic relaxation rates, 1/T1e and 1/T2e are expressed by Eq. 

6-7, where V is the electronic correlation time for the modulation of the zero-field-splitting 

interaction, EV the corresponding activation energy and 2 is the mean square zero-field-

splitting energy. We assumed a simple exponential dependence of V versus 1/T. 
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The outer-sphere contribution can be described by Eq. 5 where NA is the Avogadro constant, 

and Jos is its associated spectral density function.3,4 
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The diffusion coefficient for the diffusion of a water proton away from a GdIII complex, DGdH, 

is assumed to obey an exponential law versus the inverse of the temperature, with an activation 

energy EGdH, as given in Eq. 11 
298

GdHD
 is the diffusion coefficient at 298.15 K. 
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