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EXPERIMENTAL  

Section S1. Characterization of the N-terminal Ni(II)-ATCUN complex 

The effect of the N-terminally bound Ni(II) was investigated using UV-Vis absorption 

spectrometry. Low intensity peaks dedicated to the Ni(II)-ATCUN complex were observed in 

the Vis wavelength range around 420 nm [1], and the 280 nm absorbance value was increased 

by ~20% as well, due to the N-terminal complex (Fig. S1 a). 

The kinetics of Ni(II)-removal by EDTA from the Ni(II)-ATCUN complex was 

extremely slow, it took around 2 weeks to reach the endpoint in the presence of 66 eqs EDTA 

at 25 °C which suggested, that this metal complex wouldn’t interfere with the investigation of 

the Zn(II)-binding of ZF units (Fig. S1 b). 

This measurement was strengthened by CD-followed EDTA titration of holo-1MEY# 

ZFP, where instant decrease of the 190 nm positive peak was visible resulting a rather sharp 

breakpoint around 3.2 eqs EDTA (Fig. S8). If Ni(II) had been removed by EDTA first, no 

change would be visible during the titration up to one equivalent, and if Ni(II) and Zn(II) were 

removed at the same time, we would have a break point at 4 equivalents. 

Despite these results, the titrations with (Mg)-EDTA followed by ITC and CD were 

carried out with Ni(II)-free 1MEY# ZFP protein, as well. Removal of Ni(II) could be achieved 

by >500 eqs EDTA during 50 °C 5 hour incubation in the presence of ~100 eqs TCEP in 10 

mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES, pH 7.4) buffer. Then, the 

EDTA concentration was decreased below 1 μM by buffer exchange to 100 μM TCEP, 10 mM 

HEPES (pH 7.4) buffer using Amicon 3K 15 ml filters (Merck) at 14000× g, 4×5 min, 15 °C. 

Thereafter, 500 μM Zn(II) (final concentration) was added to the sample, which was followed 

by buffer exchange to 10 mM HEPES (pH 7.4) as described previously. The successful removal 

of Ni(II) was confirmed by UV-Vis measurements. 
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Section S2. Gene construction 

The 1MEY# zinc finger protein (ZFP) described earlier in ref. [2] was expressed using 

a pETM11-SUMO3 vector, which was kindly provided by Dr. Milan Kožíšek (IOCB Prague, 

Proteases of Human Pathogens Research Group). The ZFP gene was recloned from the original 

pET-16b-P-1MEY# plasmid into the new vector by standard cloning procedures. The 303 bp 

long P-1MEY# gene was amplified in polymerase chain reaction (PCR) by DreamTaq 

polymerase (Thermo Scientific) using the 5’-aaaaggatcCGGCCATATCGAAGGTC-3’ 

forward and 5’-ttttctcgagTCCTTAAGAGGTTTTTTTACCAG-3’ reverse primers allowing for 

BamHI and XhoI recognition sites (underlined) in the amplified gene at its 5’ and 3’ termini, 

respectively (Fig. S3). The resulted DNA fragments were double digested by BamHI and XhoI 

restriction endonucleases (Thermo Scientific) and treated by FastAP thermosensitive alkaline 

phosphatase (Thermo Scientific). In parallel, the pETM11-SUMO3 plasmid was also digested 

by the same enzymes. The digested DNA mixtures were purified by extraction with phenol-

chloroform mixture and a subsequent precipitation by ethanol [3]. The insert and the vector 

were mixed in ~ 100:1 molar ratio and ligated by T4 ligase (Thermo Scientific). E. coli DH5α 

cells were transformed, plated and cultured in 5 mL LB medium. The resulting DNA was 

purified using EZ-10 Spin Column Plasmid DNA Miniprep Kit (BioBasic). The success of the 

mutagenesis was verified by standard DNA sequencing procedure.  

The pETM11-SUMO3 system introduced an N-terminal hexa-His-SUMO3 tag instead 

of the previously applied deca-His tag [2]. This allowed the protein to be purified by Ni(II)-

affinity chromatography in the same way as before, but now the affinity tag could be removed 

not only by the previously described Ni(II)-promoted hydrolysis [2], but also by the ULP1 

protease which selectively cleaves the sequence after two glycines following the SUMO3 

domain [4]. The applied ULP1 protease itself also has a hexa-His affinity tag so it can be 

purified with Ni(II)-affinity chromatography.  
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Section S3. Protein expression and purification 

The 1MEY# protein and the ULP1 protease was expressed in E. coli BL21 (DE3) cells, 

cultured to OD600 ~ 1.0 at 37 °C for 8 h, when the protein expression was induced by IPTG 

(isopropyl β-D-1-thiogalactopyranoside) at 0.2 mM final concentration, at 25 °C for 8 h. Cells 

were cultured in standard Lysogeny Broth (LB) medium [5] containing either ampicillin 

(100 μg/ml final concentration) or kanamycin (50 μg/ml final concentration). Cells were 

harvested by centrifugation at 4000× g for 15 min at 4 °C, yielding ~ 10 g wet cells / 1 L of the 

bacterial culture. 10 ml 1× binding buffer (500 mM NaCl; 100 mM HEPES (pH 8.2); 5 mM 

imidazole; 0.1 v/v % Triton X-100) was used to resuspend 1 g of the cell pellet. Cells were then 

lysed by ultrasonication at 50% amplitude (10 × 30 s) using a VCX 130 PB (130 W) ultrasonic 

processor equipped with a 129 mm long titanium probe with a 13 mm tip diameter. The extract 

was centrifuged at 4000× g for 35 min at 4 °C.  

The soluble fraction of the lysate was mixed with 1/20× bed volume of Ni(II)-loaded 

His•Bind resin (Novagen) preequilibrated with 1× binding buffer and then equilibrated for 

additional 1 h at 4 °C. The resin was washed three times with 2× bed volume 1× wash buffer1 

(500 mM NaCl; 100 mM HEPES (pH 8.2); 50 mM imidazole), and 3 times with 2× bed volume 

1× wash buffer2 (150 mM NaCl; 100 mM HEPES (pH 8.2); 60 mM imidazole). At this point 

the resin portions loaded with 1MEY# and ULP1 were mixed together. Zn(ClO4)2 was added 

to the suspension at 50 µM final concentration followed by rotation at 16 °C for 12 h to cleave 

the hexa-His-SUMO3 affinity tag. Zn(II)-excess was applied to make it sure that the protein 

remained in its holo-form during the whole procedure and thus, to protect it from the oxidation 

at cysteine residues. After this incubation, 100 mM HEPES (pH 7.4) was added to the resin to 

reach final imidazole concentration of ~ 20 mM. The rotation was continued for 1 h at 16 °C 

and then the supernatant containing pure 1MEY# protein was separated from the resin together 

with the resin-bound hexa-His-SUMO3 affinity tag and ULP1 protease. The above purification 

steps were monitored by SDS PAGE (Fig. S4). The buffer of the purified 1MEY# sample was 

exchanged to 10 mM Cl⁻-free HEPES (pH 7.4) using Amicon 3K 15 ml filters (Merck) at 

4000× g, 8×30 min at 15 °C followed by filtration through a 0.22 µm, Ø = 13 mm PES filter 

(Merck). 
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Section S4. ITC enthalpy evaluation 

Section S4.1. Evaluation of the Zn(II) – EDTA reference ITC titrations 

As it was indicated in the manuscript, the enthalpy of the Zn(II)–EDTA binding process 

was determined experimentally under the same conditions (10 mM HEPES (pH 7.4)) applied 

in the competition reaction. ZnCl2 was titrated with EDTA in the same buffer mentioned above. 

EDTA to buffer titrations were performed to obtain the dilution heat in HEPES buffer and this 

was subtracted from the Zn(II)–EDTA titration to obtain the baseline corrected enthalpy 

(ΔHITC = −16.2 kJ/mol).  

Using the pKa values of 2.07; 2.75; 6.26 and 10.34 [6], the protonation state of EDTA 

was simulated by PSEQUAD [7] at pH = 7.4. Accordingly, 93.4% is in H1EDTA, 6.5% in 

H2EDTA and 0.1% in non-protonated form. Thus, upon Zn(II)-complexation 1.064 equivalents 

of protons are released (charge states are not indicated): 

Zn(II) + 0.934 H1EDTA + 0.065 H2EDTA + 0.001 EDTA = ZnEDTA + 1.064 H+ (s1) 

These protons react with HEPES: 

H+ + HEPES = H1HEPES    (s2 ) 

Protonation enthalpy values for EDTA (ΔHK₁ = −22.3 kJ/mol; ΔHK₁ = −17.2 kJ/mol) [8], and 

for HEPES (ΔHH₁HEPES = −21.01 kJ/mol) [9] at 25 °C was taken from literature. The following 

equation was solved to obtain the enthalpy of the Zn(II)–EDTA interaction: 

Δ𝐻ZnEDTA = Δ𝐻ITC − Δn𝐻+ ∙ Δ𝐻H1HEPES − ΔnH1EDTA ∙ Δ𝐻𝐾1
− ΔnH2EDTA

∙ (Δ𝐻𝐾1
+ Δ𝐻𝐾2

) 

(s3) 

 

Section S4.2. Evaluation of the holo 1MEY# – EDTA competition ITC titration 

The refined Δ𝐻ZnEDTA enthalpy, was used to fit the competition titration data. EDTA to 

1MEY# flow through1 titrations were carried out to obtain the dilution heat, which was 

subtracted from the heat of the competition titration. The following equation was used for data 

fitting: 

Δ𝑄𝑖 = ΔnZn1MEY#’,𝑖 ∙ Δ𝐻ITC + Δn ZnEDTA,𝑖 ∙ Δ𝐻ZnEDTA (s4) 

where Δ𝐻ZnEDTA  referred to the previously determined enthalpy for the ZnEDTA complex 

formation and Δ𝐻ITC to all other processes in the system. From the fitted Δ𝐻ITC the reaction 

                                                 
1 Flow through was obtained during the ultrafiltration of 1MEY# ZFP to the measurement buffer (10 mM HEPES 

pH = 7.4) using Amicon 3K ultra filters as indicated in Section 2.5 in the manuscript. 
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enthalpy of Zn(II) binding to the ZF subunits of 1MEY# was calculated based on the following 

equation: 

Δ𝐻Zn1MEY#’ = Δ𝐻ITC + ΔnH1EDTA ∙ Δ𝐻𝐾1
+ ΔnH2EDTA ∙ (Δ𝐻𝐾1

+ Δ𝐻𝐾2
) + Δn𝐻+

∙ Δ𝐻H1HEPES + ΔnH1Cys ∙ Δ𝐻H1Cys 

(s5) 

where Δ𝐻Zn1MEY#’ is the enthalpy of the Zn(II)-binding to a single subunit of 1MEY# and the 

enthalpy of cysteine protonation is: Δ𝐻H1Cys = −29.7 kJ/mol  [10]. In this process, 1.064 

equivalents of protons dissociate from EDTA and beside the buffer, the free cysteine thiolates 

of 1MEY# can be protonated as well. In theory at pH 7.4 it would be expected, that the two 

cysteines takes up two protons, but Blasie et al., found experimentally that for the CP1 model 

peptide only ~0.5 cysteine per ZF subunit was protonated probably due to the positively charged 

sidechains close to cysteines [11]. Due to the high sequence similarity between CP1 and the ZF 

units of 1MEY# (Fig. 1 a) this result was accepted in the fitting procedure. The remaining 

protons were supposed to interact with HEPES. Thus, the following equation was solved: 

Δ𝐻Zn1MEY#’ = Δ𝐻ITC − 0.934 ∙ Δ𝐻𝐾1
− 0.065 ∙ (Δ𝐻𝐾1

+ Δ𝐻𝐾2
) + 0.564 ∙ Δ𝐻H1HEPES

+ 0.5 ∙ Δ𝐻H1Cys 

(s6) 
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Section S5. Effect of EDTA treatment on cysteine oxidation 

The ellipticity decrease cannot be addressed to cysteine oxidation, because as it was 

proved in earlier research, cysteine oxidation cannot occur while Zn(II) is coordinated, and after 

it is removed, it does not matter whether the free cysteines get oxidized. It is also demonstrated 

by other researchers, that the chelation reactions with ZFs can be slow [12]. 

 

Holo-ZFPs with high Zn(II)-affinity are not sensitive to Cys oxidation due to the 

protecting effect of Zn(II) [13, 14]. After Zn(II) removal (e.g. with EDTA) cysteines might 

become more sensitive therefore, it was investigated to which extent cysteines are oxidized 

during EDTA treatment if no anaerobic conditions are applied, but the samples are sealed from 

air to model the ITC reaction cell conditions. No detectable Cys oxidation occurred during 

EDTA treatment of 1MEY# during 60 minutes at room temperature in 10 mM HEPES (pH 7.4). 

under these conditions during the incubation time based on DTNB assay (Fig. S10). 
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Section S6. Simulation of zinc finger Zn(II)-affinity in the presence of DNA 

The determined Zn(II)-affinity (logβ’pH = 7.4 = 12.2 ± 0.1)2 of 1MEY# ZFP refers to the 

average Zn(II)-binding of one ZF subunit inside the protein if all subunits have identical Zn(II)-

affinity. 

If the protein's DNA binding and Zn(II) binding should be simulated at the same time 

during EDTA treatment, the following equations can be written: 

DNA(Zn31MEY#)1 ⇌ DNA + Zn31MEY# (s7) 

Zn31MEY# + EDTA∗ ⇌ Zn21MEY# + ZnEDTA∗ (s8) 

Zn21MEY# + EDTA∗ ⇌ Zn1MEY# + ZnEDTA∗ (s9) 

Zn1MEY# + EDTA∗ ⇌ ZnEDTA∗ +  1MEY# (s10) 

where EDTA∗ represents the actual protonated state of EDTA under the measurement 

conditions. 

In this case the subunits of 1MEY# cannot be treated identically, statistical 

considerations must be taken into account during the estimation of 𝐾′
Zn11MEY#, 𝐾′

Zn21MEY# 

and 𝐾′
Zn31MEY#. 

J. Bjerrum introduced the following equation to estimate the stepwise stability constants 

of a system:  

𝐾𝑗

𝐾𝑗+1
= 𝑓𝑗𝑥2   

(s11) 

where 𝑥 is the “spreading factor” and 𝑓𝑗 is the value of the quotient of the constants to be 

expected on a statistical basis [11, 12]. In this case the connection between the average 

determined stability constant 𝐾̅ and the stepwise stability constants 𝐾𝑗 can be written as: 

𝐾𝑗 =
(𝑁 − 𝑗 + 1)

𝑗
𝐾̅ ∙ 𝑥(𝑁+1−2𝑗)   

(s12) 

where 𝑗 is the number of occupied binding sites, 𝑁 is the total number of identical binding sites. 

If the binding sites are identical it can be assumed, that 𝑥 = 1, thus in case of 1MEY# the 

following equations can be written: 

𝐾′
Zn11MEY# =

(3 − 1 + 1)

1
𝐾̅ ∙ 1(3+1−2∙1) = 3𝐾̅ 

(s13) 

𝐾′
Zn21MEY# =

(3 − 2 + 1)

2
𝐾̅ ∙ 1(3+1−2∙2) = 𝐾̅ 

(s14) 

𝐾′
Zn31MEY# =

(3 − 3 + 1)

3
𝐾̅ ∙ 1(3+1−2∙3) =

𝐾̅

3
 

(s15) 

  

                                                 
2 In this chapter it will be labeled as 𝑙𝑜𝑔𝐾 for simplicity. 
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TABLES  

Table S1. logβ’ values related to the interaction of various ZF units with Zn(II) as summarized 

by Kluska et al. [14]. DT: spectroscopic direct titration; RT: spectroscopic reverse titration; 

PAR: spectroscopic measurement of the competition with PAR; CDc: competition with 

complexones monitored by circular dichroism spectroscopy; ITC: isothermal titration 

calorimetry; rITC: reverse isothermal titration calorimetry; Pot: potentiometry; TRT: 

spectroscopic three-step reverse titration. 

 

ZF Conditions logβ’ pH 7.4 Reference 

CP1 100 mM HEPES, pH 7.0, 50 mM NaCl 12.5 (RT)* [17] 

12.0 (RT)* [18] 

50 mM MOPS, pH 7.0, 100 mM KCl 15.7 (CDc)* [12] 

20 mM Tris, pH 7.4, 100 mM NaCl 14.49 (CDc) [19] 

CP1-Δ8 50 mM MOPS, pH 7.0, 100 mM KCl 11.4 (CDc)* [12] 

CP1 (2015) 20 mM Tris, pH 7.4, 100 mM NaCl 12.3 (CDc) [19] 

CP1 K/S 20 mM Tris, pH 7.4, 100 mM NaCl 14.0 (CDc) [19] 

TFIIIA-2 20 mM HEPES, pH 7.0, 50 mM NaCl 9.4 (RT)* [20] 

MTF1-1 50 mM HEPES, pH 7.0, 100 mM NaClO4 12.4 (CDc)* [21] 

 50 mM HEPES, pH 7.4, 100 mM NaClO4 11.4 (PAR) [22] 

100 mM HEPES, pH 7.0, 50 mM NaCl 11.3 (RT) [23] 

10 mM HEPES, pH 7.4, 100 mM NaClO4 8.9 (PAR) [24] 

MTF1-2 10 mM HEPES, pH 7.4, 100 mM NaClO4 9.9 (PAR) [24] 

MTF1-3 10 mM HEPES, pH 7.4, 100 mM NaClO4 9.3 (PAR) [24] 

MTF1-4 10 mM HEPES, pH 7.4, 100 mM NaClO4 9.4 (PAR) [24] 

MTF1-5 10 mM HEPES, pH 7.4, 100 mM NaClO4 9.8 (PAR) [24] 

MTF1-6 10 mM HEPES, pH 7.4, 100 mM NaClO4 9.3 (PAR) [24] 

WT1-3 50 mM HEPES-HCl, pH 6.5 10.5 (ITC)* [25] 

WT1-4 20 mM MES, pH 5.25, 100 mM KCl 8.9 (DT)* [26] 

Sp1-3 50 mM HEPES, pH 7.4, 100 mM NaClO4 12.7 (CDc) [21] 

 50 mM HEPES, pH 7.0, 100 mM NaCl 10.0 (RT)* [27] 

 500 mM Tris, pH 7.4 7.6 (ITC) [28] 

  8.2 (rITC) [28] 

 50 mM Tris, pH 7.0 10.4 (RT)* [28] 

Zn-F10 50 mM HEPES, pH 6.5 8.3 (ITC)* [25] 

ZF133-11 50 mM HEPES, pH 7.4, 100 mM NaClO4 12.5 (CDc) [21] 

 100 mM KNO3 12.5 (Pot) [21] 

ZF278-1 50 mM HEPES, pH 7.4, 100 mM NaClO4 13.0 (TRT) [21] 

*Recalculated to pH 7.4 by Kluska et al. [14]. 
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Table S2. Assigned fragments of 766 m/z precursor after the  MS/MS analysis of apo 1MEY#. 

Assignment was performed using Protein Prospector 

 

ATCUN  C-term 1st ZF 3rd ZF 1st and 2nd ZF 2nd and 3rd ZF 

b₃ a₁₀ y₈-H₂O b₄₀ a₄₀ y₂₇ a₇₄-NH₃ y₅₅ 

b₄ a₁₁ y₈-NH₃ b₄₂ a₄₄-NH₃ y₂₇-H₂O   y₇₃ 

b₅ a₁₄ y₁₅ b₄₂-H₂O a₄₅-NH₃ y₂₇-NH₃     

b₈ a₁₅-NH₃ y₁₅-H₂O b₄₂-NH₃ a₄₆-NH₃ y₂₈     

b₉ a₁₆-NH₃ y₁₅-NH₃ b₄₃ a₄₇-NH₃ y₂₈-H₂O     

b₉-H₂O a₂₄-NH₃ y₁₇-NH₃ b₄₅-H₂O a₅₀ y₂₈-NH₃     

b₁₀ a₂₆-NH₃ y₂₂ b₄₅-NH₃ a₅₅ y₃₀     

b₁₁ a₂₇-NH₃ y₂₃ b₄₆ a₅₆-NH₃ y₃₁     

b₁₁-H₂O a₂₉ y₂₄ b₅₂   y₃₁-H₂O     

b₁₁-NH₃ a₃₀-NH₃ y₂₄-NH₃ b₅₃-NH₃   y₃₁-NH₃     

b₁₃-H₂O  y₂₅-NH₃ b₅₃-H₂O   y₃₉     

b₁₃-NH₃   y₂₅-H₂O b₄₉   y₃₉-H₂O     

b₁₅-H₂O   y₂₆ b₅₉   y₃₉-NH₃     

b₁₉   y₂₆-H₂O b₅₉-NH₃   y₄₀     

b₂₁   y₂₆-NH₃ b₅₉-H₂O   y₄₂     

b₂₃-H₂O     b₆₀   y₄₂-H₂O     

b₂₃-NH₃         y₄₂-NH₃     

b₂₄         y₄₃     

b₂₅         y₄₅     

b₂₅-H₂O         y₄₆-H₂O     

b₂₅-NH₃         y₄₆-NH₃     

b₂₇         y₄₇     

b₂₉-H₂O         y₄₉     

b₂₉-NH₃         y₄₉-H₂O     

b₃₁-H₂O         y₄₉-NH₃     

b₃₁-NH₃         y₅₁     

b₃₂         y₅₂     

b₃₆         y₅₄     

b₃₆-H₂O         y₅₅     

b₃₆-NH₃               
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Table S3. Assigned fragments of 1451 m/z precursor after the  MS/MS analysis of 1MEY# in 

the presence of 12.5 eq EDTA 

 

ATCUN  C-term 1st ZF 3rd ZF 1st and 2nd ZF 2nd and 3rd ZF other 

  Ni²⁺     Zn²⁺    Zn²⁺  Zn²⁺  Zn²⁺  Zn²⁺  

b₇ b₇+Ni²⁺ ᵁ y₂₆ b₄₂+Ni²⁺ ᵁ - y₃₀ ᵁ y₃₁+Zn²⁺ ᵁ a₈₃+Zn²⁺ ᵁ y₅₈+Zn²⁺ y₉₈+Zn²⁺ 

b₈ b₈+Ni²⁺ y₁₅ b₄₃+Ni²⁺   y₃₁ y₄₂+Zn²⁺ b₈₆+Zn²⁺+Ni²⁺  y₅₈-NH₃+Zn²⁺ y₉₈-NH₃+Zn²⁺ 

b₉ ᵁ a₈+Ni²⁺ y₁₅-NH₃ b₄₆+Ni²⁺   y₄₂ y₄₂-H₂O+Zn²⁺ a₉₀+Zn²⁺ ᵁ y₅₉+Zn²⁺ ᵁ y₉₈-H₂O+Zn²⁺ 

b₁₁ b₁₅+Ni²⁺ y₁₅-H₂O b₅₉+Ni²⁺ ᵁ   y₄₂-H₂O y₅₄+Zn²⁺ ᵁ  y₈₂+Zn²⁺ ᵁ y₉₆+Zn²⁺ 

b₁₈ b₁₈+Ni²⁺ y₈-H₂O     y₄₉ y₃₀+Zn²⁺    y₉₀+Zn²⁺ 

  b₁₀+Ni²⁺       y₅₄      y₈₆+Zn²⁺ 

                  y₈₆-NH₃+Zn²⁺ 

                  y₈₆-H₂O+Zn²⁺ 

                  

a₉₈-NH₃+Zn²⁺+Ni²⁺ 

ᵁ 

                  a₉₈+Zn²⁺ 

 

ᵁ indicates the uncertain fit of the fragments due to overlapping peaks. The assignment was 

performed manually in FreeStyle 1.6 (Thermo Scientific) 
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FIGURES  

 

 

 

Figure S1. a, UV-Vis absorption spectra of 1MEY# in the presence (green line) and absence 

(black) of Ni(II) in the N-terminal ATCUN motif. b, Time dependent removal of Ni(II) from 

the N-terminal ATCUN motif of 1MEY# using 66 equivalents of EDTA as monitored at 250 

nm by UV absorption spectrometry. c(1MEY#) = 25 µM in 10 mM HEPES (pH 7.4); l = 1 cm. 
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Figure S2. Impact of time between two subsequent injections on the measured heat in ITC 

experiments. These data were obtained from multiple EDTA–Zn(II) titrations. The data showed 

a strong negative Pearson correlation (r = –0.715), which justified the significance of this effect. 
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Figure S3. Construction of the pETM11-SUMO3-1MEY# plasmid. a, The cloning region of 

the new host plasmid pETM11-SUMO3. b, The pET16b-P-1MEY# plasmid used in our 

previous study. c, The oligonucleotide primers used for the amplification of the 1MEY# gene 

by polymerase chain reaction. d, The cloning region of the pETM11-SUMO3-1MEY# 

construct showing the cleavage site of the ULP1 protease. 
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Figure S4. Monitoring of the Ni(II)-affinity batch purification procedure by SDS PAGE. The 

following explanations are effective for both the ULP1 (left) and 1MEY# (right) gel images. 

M: 5 μl Thermo Scientific Unstained Protein Molecular Weight Marker. Lane a: 10 μl aliquot 

of the total protein fraction obtained after the pellet was resuspended in 10 mL 1× binding 

buffer. Lane b: 10 μl aliquot of the soluble protein fraction. Lane c: 10 μl aliquot of the insoluble 

protein fraction. Lane d: 10 μl aliquot of the supernatant after mixing with the Ni(II)-loaded 

His•Bind resin. Lane e: 1 μl aliquot of the resin after protein binding. Lane f: 10 μl aliquot of 

the supernatant after washing with 6th Wash solution portion. Lane g: 1 μl aliquot of the resin 

after washing. Lanes h and i only appear in the gel image of 1MEY#. Lane h: 10 μl aliquot of 

the supernatant after ULP1 cleavage. Lane i: 1 μl aliquot of the resin after ULP1 cleavage. 

Based on the SDS-PAGE analysis ULP1 is extremely poorly soluble in the reaction buffers, but 

that small amount – hardly visible on the gel (lanes e, f, and g) – could cleave ~50% of the 

hexa-His-SUMO3 affinity tag from 1MEY# during 12 h incubation (lane i). ~50% of the 

cleaved 1MEY# stuck to the resin as it was observed previously [29]. In general ~25% of the 

initial protein was purified in the supernatant as pure native 1MEY# ZFP (lane h). 60 mM 

imidazole concentration was optimal for batch affinity tag cleavage. This allowed for a small 

soluble fraction of hexa-His-SUMO3-1MEY#. Lane f shows that a small portion of affinity-

tagged 1MEY# can be found in the wash fraction under these conditions. 
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Figure S5. Mass spectra of the purified 1MEY#. a, The m/z spectrum of apo-protein. b, The 

m/z spectrum of holo-protein. c, Deconvoluted monoisotopic m/z spectrum of apo-protein 

(MH⁺ ion); d, Deconvoluted monoisotopic m/z spectrum of holo-protein (MH⁺ ion). No hexa-

His-SUMO3 neither ULP1 fragment was detected in the mass spectra by analysing the major 

peaks 
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Figure S6. Comparison of the CD spectra of holo 1MEY# ZFPs obtained by Ni(II)-promoted 

specific hydrolysis of deca-His-1MEY# and by ULP1 cleavage of hexa-His-SUMO3-1MEY#. 

Protein concentrations were normalized to 18.8 µM (10 mM HEPES (pH 7.4) l = 0.1 mm). 

 

  



18 

 

 

 

Figure S7. a, The fluorescence of the ZnFluoZin-3 complex in the presence of increasing 

amounts of holo-1MEY# (black dots). Reference measurements were also performed in 

parallel, in which equal amount of ZnCl2 instead of the holo-1MEY#, was added to FluoZin-3 

(yellow dots) yielding in high fluorescence intensity for comparison. The separately assembled 

samples (final concentrations: c(FluoZin-3) = 1.1 µM, c(holo-1MEY#) = 0 – 0.75 µM in 

10 mM HEPES (pH 7.4); final volume: 150 µl) were incubated for 12 h at room temperature 

and then the fluorescence was recorded. b, The percentage of the ZnFluoZin-3 complex in the 

presence of increasing amounts of holo-1MEY# (black dots) achieved by dividing the measured 

intensity values (black dots Fig. S7. a,) with the theoretical maximum intensity values (yellow 

dots Fig. S7. a,)). Comparison with simulated data was performed assuming that logβ’pH=7.4 of 

the Zn1MEY# complex is either 8 (green dots), 9 (light blue dots) or 10 (red dots). The 

simulations were performed by the PSEQUAD program [7].  
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Figure S8. a, CD spectra of Zn(II)-loaded 1MEY# in the presence of increasing eqs EDTA. b, 

190 nm ellipticity values versus EDTA to 1MEY# ratio. c(holo-1MEY#) = 16.4 μM, 10 mM 

HEPES (pH 8.2), l = 0.2 mm pathlength. Each sample was assembled separately and incubated 

for 5 min at 25 °C prior measurement. 
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Figure S9. Time-dependence of 1MEY# CD spectra in the presence of 600 eqs EGTA. Black 

dashed line: 1MEY# in the presence of 5 eqs of EDTA after 5 min incubation (c(holo-

1MEY#) = 9.3 µM in 10 mM HEPES (pH 7.4); l = 0.1 mm) 
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Figure S10. a, DTNB assay of 1MEY# ZFP before and after 200 equiv EDTA treatment. EDTA 

treatment conditions: 20 μL 20 μM Zn(II)-loaded 1MEY#, 400 μM EDTA, 60 min, 25 °C 

incubation in 10 mM HEPES (pH 7.4). Pre assay treatment: 20 μL 20 μM Zn(II)-loaded 

1MEY# + 5 μL 10 w/v % SDS + 2 μL 40 mM EDTA. Assay conditions: 400 μL 1 μM 1MEY# 

ZFP, 65 μg/ml DTNB, 100 mM phosphate buffer (pH 7.2) 5 min, 25 °C incubation. b, 

Determined absorbance at 412 nm and the determined cysteine concentrations inside the 

measured samples. 
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Figure S11. Mass spectra of a, apo-1MEY#; b, holo-1MEY# in the presence of 12.5 eqs. of 

EDTA. In panel a, all peaks with higher than 5% relative abundance were assigned. These peaks 

were all related to apo-1MEY# in multiple charge states. In panel b, all peaks with higher than 

10% relative abundance were assigned. These peaks were all related to Ni(II)1Zn(II)21MEY# 

and Ni(II)1Zn(II)11MEY#. “z” indicates the charge. Multiple peaks could be seen because these 

MS spectra were not deconvoluted. 
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