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Experimental Methods 

Materials.  Peptide samples were suspended either in a H2O or D2O buffer containing 5 

mM 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid  (HEPES), pH/pD 7.5,  to give 1 mM 

solutions. Acetic acid (VWR, Radnor, PA)/sodium acetate (Thermo Fisher Scientific, Inc., 

Waltham, MA) and sodium borate (Mallinckrodt, Paris, KY)/NaOD were used to make buffers at 

pD 5 and pD 11, respectively.  The pH/pD was adjusted using NaOH or NaOD.  HEPES, histidine, 

and tyrosine were purchased from Sigma-Aldrich (St. Louis, MO), and D2O and NaOD were 

purchased from Cambridge Isotopes (Tewksbury, MA, 99.9% D). The pD is reported as the 

uncorrected meter reading, because the small solvent isotope shift effects on weak acid pKa values 

are compensated by the D2O-induced change in response of the glass pH electrode1.  In some 

experiments, ZnCl2 (Alfa Aesar, Tewksbury, MA), CuCl2 (Alfa Aesar, Tewksbury, MA), MnCl2 

(ICN Biomedicals, Aurora, OH), CaCl2 (EMD Millipore, Billerica, MA) were used in buffered 

solutions. 

UV-Vis Spectroscopy. UV-Vis absorption spectra were recorded on a Shimadzu UV 

1700 spectrometer. The slit width was 1 nm, the resolution was 1 nm, and the scan speed was 6.5 

nm/s.  The peptide concentration was 500 μM.  The zinc concentration ranged from 500 μM (1:1 

Peptide to Zn ratio) to 4 mM (1:8 Peptide to Zn ratio). The buffer contained 5 mM HEPES, pH 7.5 

or pD 7.5.  The spectra were averaged from two independent measurements.  

Circular Dichroism (CD). A Jasco J-810 CD spectropolarimeter equipped with a Peltier-

type cell was employed. Spectra were collected from 250 nm to 193 nm in 1 mm quartz cells. Eight 

accumulations per scan were averaged in three to nine independent measurements for each of the 

conditions. Parameters used were: sensitivity, 100 mdeg; data pitch, 2 nm; scan speed, 50 nm/min; 

response time, 1 s; bandwidth, 1 nm. 
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UVRR Spectroscopy.  The spectra were obtained at room temperature using a 244 nm (3.4 

to 3.7 mW) probe beam.2-3  The probe beam was generated from an intracavity frequency-doubled 

Argon ion laser (Cambridge LEXEL 95, Fremont, CA) and was coupled to a Raman microscope 

system (Renishaw inVia, Hoffman Estates, IL) equipped with UV-coated, deep depletion charge-

coupled device.  The spectral resolution was 6 cm-1 and the separation between the data points was 

3.8 cm-1.  The peak positions are reported to a precision of ±2 cm-1.  Peptide samples (1 mL) 

were recirculated using a peristaltic pump through a nozzle (~120 µm inner diameter) to prevent 

sample damage due to UV irradiation. The flow rate was 4.5 mL/min, and the pump was plumbed 

with silicone tubing.  The spectra were averaged from at least two independent measurements. 
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Figure S1. UV absorption spectra of Peptide J (A and B) and Peptide P (C and D) with increasing 
concentrations of Zn2+ (500 μM, dark purple and dark brown; 1mM, purple and brown; 2 mM, 
light purple and orange, 3 mM, pink and light orange; 4 mM, light pink and yellow) at pH 7.5 (A 
and C) and pD 7.5 (B and D). The analyte concentration was 500 μM. The buffer contained 5 mM 
HEPES. The spectra were averaged from two independent measurements. 
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Figure S2. UV absorption spectra of Peptide P (A and C) (green) and difference absorption spectra 
obtained by subtracting the Peptide P spectrum from that of Peptide P and Zn2+ solution with 
variation in the Peptide:Zn2+ stoichiometry ratios, 1:1 (dark brown), 1:2 (brown), 1:4 (orange) and 
1:6 (light orange), 1:8 (yellow). The difference spectra (baseline corrected) are expanded in panels 
B and D.  The measurements were performed at pH 7.5 (A and B) and pD 7.5 (C and D). The 
peptide concentration was 500 μM. The buffer contained 5 mM HEPES. The spectra were 
averaged from two independent measurements. 
 

 

 



 S6 

 
 
Figure S3. UV absorption and difference spectra of Peptide J (green) at pH 7.5 (A) and pD 7.5 (C).  
Difference spectra, showing the effects of zinc addition, were obtained by subtracting the Peptide 
J spectrum from that of a Peptide J and Zn2+ mixture (A, pH 7.5 and C, pD 7.5).  The ratios were 
1: 1 (dark purple), 1:2 (purple), 1:4 (light purple), and 1:6 (pink), 1:8 (light pink).  The difference 
spectra are expanded in panels B and D.  The analyte concentration was 500 μM, and the buffer 
contained 5 mM HEPES, pL 7.5. The spectra were averaged from two independent measurements. 
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Figure S4. CD spectra of Peptide A (A, pink) and buffer (A, black) and Peptide A (B, peach) and 
Zn2+ and buffer (B, grey). Spectra were acquired at 20 °C (solid trace), then the samples were 
heated in the Peltier cell at 80 °C (dot-dashed trace), and subsequently cooled back to 20 °C 
(dashed trace). Tick marks denote 4 mdeg. Spectra were averaged from three replicates. The 
peptide concentration was 100 µM, and equimolar ZnCl2 was added where noted.  The buffer 
contained 5 mM HEPES pH 7.5.  Negative controls  acquired from HEPES buffer  or HEPES 
buffer plus zinc (no peptide) are shown in A and B in black and grey.  
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Figure S5. UV Raman spectra of 5 mM Histidine at (A.) pD 5, (B.) pD 7.5 and (C.) pD 11 The 
buffer contained 5 mM of acetate (pD 5), HEPES (pD 7.5) and borate (pD 11). The spectra are 
normalized with respect to most intense peak for each sample.  Each tick mark is 0.1 unit. 
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Figure S6. UV Raman spectra of 1 mM tyrosine at (A.) pH 8.5, (B.) pD 8.5, (C.) pH 11 and (D.) 
pD 11. The spectra are normalized with respect to the most intense peak. Each tick mark is 0.05 
unit. The buffer contained 5 mM of TAPS (pL 8.5) or 5 mM borate (pL 11). 
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Figure S7. UVRR spectra of Peptide P after the addition of two different concentrations of  ZnCl2. 
Samples: 1 mM Peptide P alone (A, blue), Peptide P with 1 mM ZnCl2 (B, orange),  and Peptide P 
with 2 mM ZnCl2 (C, purple) . The buffer contained 5 mM HEPES pD 7.5. The sample was 
recirculated using a peristaltic pump to prevent UV damage. Laser wavelength, 244 nm; laser 
power, 3.4 mW; scan time, 120 s; accumulations, 4. Data were averaged from at least two 
independent measurements.  The tick marks (y-axis) denote 500 units. 
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Figure S8.  UVRR spectra of Peptide J and Ca2+ (A, red), Peptide J and Mn2+ (B, light orange) and 
Peptide J (C, green) at pH 7.5.  In (D), Peptide J and Zn2+ pD 7.5 is reproduced from Figure 6 in 
the main text.  In A-C, the peptide concentration was 1 mM, when present, the calcium and 
manganese concentrations were 5 mM, and the buffer contained 5 mM HEPES in H2O (pH 7.5).  
In (D), the peptide concentration was 1 mM, and the sample contained equimolar Zn2+. The data 
were averaged from at least two independent measurements.  Tick marks denote 200 intensity 
units. 
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Figure S9. UVRR spectra of Peptide A in the presence (A, blue) or absence (B, black) of Zn2+ at 
pH 7.5. The peptide concentration was 1 mM, and the zinc concentration was 5 mM. The buffer 
contained 5 mM HEPES in H2O (pH 7.5). The data were averaged from at least two independent 
measurements. Tick marks denote 200 intensity units. 
 

 


