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MATERIALS

Chemicals and solvents were of HPLC-grade or better and were obtained from Sigma-
Aldrich, USA. Reagents for SPR biosensor: HBS-EP+ buffer (150 mM NaCl, 10 mM
HEPES, 3mM EDTA, 0.005% Surfactant P20, pH 7.4); 10 mM acetate buffers (pH 4.5);
tiol coupling reagents kit; 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC); N-
hydroxysuccinimide (NHS); 2-(2-pyridinyldithio)-ethaneamine (PDEA), were obtained
from GE Healthcare Life Sciences, USA. Synthetic peptides (purity > 98%, checked by
RP-HPLC) were purchased from Biopeptide Co., LLC, USA:

ACABHG: Acetyl-DAEFRRDSGYEVHHQK-Amide (for ITC and NMR);

A°HBR-AB1.16: Acetyl-DAEFRRDSGYEVHHQK-Amide (for SPR, ITC, NMR);
H6R-APB;1-16: DAEFRRDSGYEVHHQK-Amide (for ITC and NMR);

A°HBR-AB1.16-G4-C: Acetyl-DAEFRRDSGYEVHHQKGGGGC-Amide (for SPR).

N- and C-termini of the peptides were protected with acetyl and amide, respectively. N-
terminus of HE6R-APB1.16 was not protected. The amino acid sequence of peptides was
confirmed on an ultra-high resolution Fourier transform ion cyclotron resonance mass-
spectrometer Bruker 7T Apex-Qe (Bruker Daltonics, USA) using a de-novo sequencing
approach based on collision induced dissociation (CID) fragmentation. The lyophilized
peptides were dissolved in buffer before each experiment. The final peptide
concentrations were determined by UV absorption spectroscopy using the extinction
coefficient of 1450 M™* cm™ at 276 nm (from Tyr 10 of AB).

METHODS

Isothermal titration calorimetry (ITC)

Thermodynamic parameters of zinc binding to “°Api.16, “°“H6R-AB1.16 and HBR-AP1.16
(Fig. 1, Table 1) were measured using a MicroCal iTC200 System (GE Healthcare Life
Sciences, USA) as described previously (1). Experiments were carried out at 25°C in 50
mM Tris buffer, pH 7.3. Aliquots of ZnCl, solution (2 ul) were injected into the 0.2 ml cell
containing solution of peptides to achieve a complete binding isotherm (Fig. 1). Peptide
concentration in the cell ranged from 0.25 to 0.75 mM and the ZnCl, concentration in the syringe
ranged from 5 to 15 mM. Heat of dilution was measured by injecting the ligand (ZnCl,) into the
buffer solution; the values obtained were subtracted from the heat of reaction to obtain the

effective heat of binding. The resulting titration curves were fitted using MicroCal Origin
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software. The association constant (K;) and binding stoichiometry (N) were determined by a

non-linear regression fitting procedure.

Surface Plasmon Resonance (SPR) Biosensing

SPR measurements were performed with biosensor Biacore-T200 (GE Healthcare Life
Sciences, USA) and the standard optical chips CM5 using Biacore Control v.3.1 and
BiaEvaluation v.4.1 software for instrument operation. HBS-EP+ buffer was used for surface
regeneration in SPR measurements. The running buffer was either 50 mM HEPES (pH 6.8) or
the same buffer with 100 uM ZnCl,. Molecular interactions were registered as real time records
of biosensor signals in resonant units (RU). Peptide immobilization on the optical chip was
carried out according to a standard Biacore protocol for tiol coupling reagents kit (Sensor surface
handbook, GE Healthcare Life Sciences, USA). The peptide HER-AP;16-G4-C was
immobilized in FC2 channel of the biosensor. The channel FC1 has been left blank for the
correction of nonspecific effects. The peptide A°H6R-A[31_16 was dissolved in the running buffer
at different concentrations (2, 5, 10, 15, 20 uM) and injected at a flow rate of 5 ul/min for 5 min.
Additionally the control experiment was carried out for different peptide concentrations (2, 5, 10,
15, 20 uM) dissolved in the running buffer without ZnCl..

NMR experiments

Peptides at concentration 0.2-2 mM were dissolved in 10 mM bis-Tris-dig (2,2-
Bis(hydroxymethyl)-2,2’,2"-nitrilotriethanol-d;s with 98% °D enrichment) buffer solution (pH
6.8). Sodium salt of 3-(trimethylsilyl)propionic-2,2,3,3-d, acid (TSP) at concentration of 20 -
100 uM was added as a standard to all NMR samples. To avoid pH variation upon zinc addition
in NMR titration experiments, both peptide and ZnCl, were dissolved in 20 mM bis-Tris-d1g
solution followed by the adjustment of pH to 6.8. NMR spectra were measured at the
temperature range between 274 K and 308K either in DO or in 90% H,0/10% D,0O on a Bruker
AVANCE 600 MHz spectrometer equipped with a triple resonance (*H, *3C and **N) pulsed field
z gradient probe (Bruker Biospin, Germany). 1D NMR spectra were processed by TopSpin 2.0
and Mnova NMR (Mestrelab Research, Spain). 2D NMR spectra were processed by NMRPipe
(3) and analyzed using SPARKY (4). Precision of the chemical shift measurement for well
resolved signals in the 1D spectra is ~0.001 ppm, and in the 2D spectra ~0.005 ppm. Chemical
shifts in Job’s titration experiments were measured using the line shape NMR signal fitting by

Mnova NMR program. Precision of the chemical shift measurement in this case was better than
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~0.0005 ppm. Precision of the measurements of integral intensities in 1D spectra is better than
3%, and in 2D spectra is better than 10%.

NMR signal assignment. The *H, >N and **C signal assignments of the human “°H6R-
AP1-16 peptide and its complex with zinc were obtained using the following 2D spectra: DQF-
COSY, TOCSY (mixing time of 70 ms), NOESY (mixing time of 200, 225 and 250 ms), *C-H
HSQC and °N-'H HSQC. Heteronuclear experiments were measured at the natural abundance of
the *C and N isotopes (Fig. S1). **N resonance assignments were obtained for free peptides
only, as the substantial zinc-induced signal broadening complicates collection of the
heteronuclear correlation spectra at natural abundance of *°N. However resonance assignments
for nearly all *H and **C nuclei were determined for all studied peptides and their complexes
(Table S1-S3).

NMR titration experiments. Zinc binding to “°H6R-Ap:.1¢ was elucidated using two
types of NMR titration experiments. In the first series of experiments 1.1 mM peptide solution in
90% H,0/10% D,0 and 10 mM bis-Tris-d;g (pH 6.88) was titrated by the 4 mM solution of
ZnCl, dissolved in the same buffer with identical pH value. TSP at concentration of ~ 40 uM was
added as a standard. Molar ratio of zinc/peptide in these experiments was successively increased
from 0 to 10. For each titration point 1D proton NMR spectra were recorded at 283K.

RMSD for the chemical shifts changes between the free and zinc-bound peptides for
residue k were calculated using the following equation (1):

Np ) ) 2
i i
5cornplex_'gfree
A
i=0 1
- 1)

where N, — number of measured resonances for the residue k, A - normalization factor (1 for *H

RMSDy =

and 4 for **C shifts) to take into account the difference in chemical shift ranges between *H and
13C resonances.

Titration experiments of the second type were carried out using the method of continuous
variations (5) in order to determine stoichiometry of zinc binding to “°H6R-ABy.16 peptide.
Experiments involved preparation of the series of samples containing peptide and ZnCl; in
varying proportions but at a fixed total concentration ([peptide] + [zinc] = 0.6 mM). Changes of
the peptide chemical shifts or integral intensities of the signals were analyzed. Plot of the product
of change of the measured parameter and portion of the peptide (Ppeptide:AS) versus portion of
zinc (Pzinc) for each sample forms a curve with a maximum at P, which corresponds to the

stoichiometry of the complex (5).
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Figure S1. *H-">N HSQC spectrum of “°H6R-AP1.16 recorded at a natural abundance of the **N
nuclei at 283K. The peptide concentration was ~2.5 mM. Spectrum was recorded in H,O in the

presence of 10 mM bis-Trid-d;9 buffer, pH 6.8.
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Figure S2. Aliphatic region (0.0 — 4.75 ppm) of the *H NMR spectra of the human “°H6R-AB1.1¢ peptide in the presence of half mole
equivalent of ZnCl,. Spectra shown in black, blue and red correspond to the peptide concentration of 0.6, 1.1 and 2.2 mM and TSP
concentration of 30, 60 and 60 uM. Spectra were recorded in H,O, 10 mM bis-Trisgg, pH 6.8, 283K and 600 MHz. Intensity of the signal at
~0.2 ppm is proportional to the content of the dimeric form of the zinc-peptide complex Zn-(“*H6R-AB1.16)>.

Val12 Hy*
Val12 Hy1*

dimer

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
ppm

S7



40 UM TSP,

000000000000000000000

03£££A£D9.8.J£5.AS.37_211.0.
000000000000000000000000
o .

Trisdlg,

111111111111111111111

= = -=——===_—_=-_—_=

!Ii'i"'m"mﬁ'i

—— — — — — — ——— — ———

tion ~1 M) byZ Clz in HZO, 10 mM bis

e — — —_—— e e e —

= p e N S N R N N e = p— =

|.r||||-..|| —== |l.|||.|n|||1|.||.||||.lll|\ll..||nl.._| —

(a1
g7 :
m 2 -

f b
.|.|111HH|uW1H| o
.I N.....lfuv“rhm.lﬁ =———— I.LWhni.nhMIl T
_ 5 = _= __= “mm.'lﬂﬁﬁl%jll |
g M SRR SS 4m
e
m e
o e e e e e e ———
e =
x e ——
ff D I D T ol
N E u.'.. (
= WUWWWMMWMW —— |
= m SO S S esem—————————— ,
@ 5 3 S ——— e —————— |.“M| L %
Z 0
X
8 2
=g El-
o &
o o
wv [{o}
T &

gy

EEFFry = %&1 -

zz e
D JJJJ I ) ) D ) ) ) ) ) ) ) ) ) ) IR
= g%\‘ o

S8



Figure S4. Titration of the human “°H6R-AP1.16 peptide (initial concentration ~1 mM) by ZnCl,
in H,0, 10 mM bis-Trisg19, pH 6.8. Spectra were recorded at 283K and 600 MHz. Figure shows
aromatic and amide proton regions with the reduced intensity compared to Fig. S3.
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Figure S5. Titration of the human “°H6R-AP1.15 peptide (initial concentration ~1 mM) by ZnCl, in D,O, 10 mM bis-Trisd19, measured at pH
6.85. Spectra were recorded at 283K and 600 MHz.
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Figure S6. Changes of the chemical shifts of the signals Hel and H&2 of Hisl3 and Hisl4
residues during titration of the “°H6R-APy.16 peptide by ZnCl,. Initial concentration of the
peptide was 1.1 mM. Final ratio [Zn**]/[peptide] = 10.
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Figure S7. Fragment of ROESY spectrum of “°H6R-Ap,.16 in the presence of ZnCl,. Spectrum
was recorded at the peptide concentration 2.25 mM at 274K in H,0O, in the presence of 1.15 mM
ZnCly, 10 mM bis-Trisg19, pH 6.86. Signals of Val12 are shown. ROESY mixing time is 100 ms.
Positive cross-peaks (red) correspond to chemical exchange, negative cross-peaks (blue) arise
from through-space dipole-dipole interactions of nuclei.
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Figure S8. Comparison of 1D spectra of H6R-AP1.16 (A) and “°H6R-AP1.16 (B) in the presence of half mole equivalent of ZnCl,. Spectra were
recorded at the peptide concentration of 1.4mM at 278K in H,0O, in the presence of 10 mM bis-Trisq19, pH 6.8. TSP was used as internal standard at the
concentration of 20 uM (A) and 60 uM (B).

1 f
| \f‘ | LI I T e
VA | LN f I P‘ A N l\u ’l

l .'li| "..l || A A I Ao lll \ Jl‘u b LP' IM' lJ Ill'\-nIUJ l'l }|| X llll |'| TSP
A—— 7 WPV VA TV UV I\ AL

‘ V12 Hy*
. V12 Hy1*
His14 HN (dme

95 90 85 80 75 70 65 45 40 35 30 25 20 15 10 05 00
ppm

S13



Figure S9. Fragments of 2D NOESY spectra of H6R-AB1.16 (A) and “*H6R-AB1.16 (B) in the
presence of half mole equivalent of ZnCl,. Concentration of the H6R-A;.16 peptide is 1.1 mM,
concentration of “°H6R-APL.16 is 2.25 mM. Spectra were recorded at 600 MHz, 274K in H,0, in
the presence of 1.15 mM ZnCl,, 10 mM bis-Trisg19, pH 6.80 (A) and 6.86 (B). Regions of His14
HN resonance which belongs to the dimeric forms are shown. Identical NOE patterns indicate
identical properties of N-Ac and non-acylated peptides.
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Figure S$10. Comparison of 1D spectra of “°H6R-AP1.16 (A) and wild-type human “°Apy.16 (B) in the presence of half mole equivalent of ZnCl,.
Spectra were recorded at the peptide concentration of 1.4mM at 278K in H,0O, in the presence of 10 mM bis-Trisg19, pH 6.8. TSP was used as internal
standard at the concentration of 60 pM (A) and 40 uM (B).
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Table S1. Thermodynamic parameters of zinc ions binding to “°H6R-A 1.1 and H6R-Ap1.16 obtained by
ITC at 25°C in 50 mM Tris buffer, pH 7.3.

Peptide N2 Ki"x10% (M3 ¢ AH?(kcal M) TAS (kcal M™)
A"HBR-AP1.16 0.5 0.24 -5.6 -1
H6R-AP1.16 0.5 0.23 -3.1 15

Standard deviation does not exceed +10%.
bStandard deviation does not exceed +20%.

°Due to peptide dimerization, K, dimension is equal to M™.
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Table S2. Chemical shifts (ppm) of the *H, *3C and *°N signals of free peptide “*H6R-AP1.1s.

residue N Ca Cp other ®°C,®N | HN Ha Hp Hy other 'H
2.70
D1 | 126,72 | 5458 | 41.28 837 | 455
263
A2 | 12382 | 5302 | 1891 850 | 423 | 1.38
2.19
E3 | 11934 | 5680 | 2080 | 3615(Cp | 837 | 414 | 191 | 570
131.74 (C5%) a1 7.23 (Ho*)
Fa | 12000 | 5791 | 3027 | 13132(Ce¥) | 819 | 456 | Jov 7.33 (He*)
129.84 (C0) : 7.28 (HO)
2710 (Cy) .
RS | 12314 | 5594 | 3073 | 43.11(C3) | 820 | 4.22 %g e 37'13?7(5:58))
84.62 (Ne) : : :
27.03 (Cy) .
R6 | 122.83 | 56.04 | 30.60 | 43.11(C3) | 842 | 425 1?‘7‘ igg 37'1258(5:58))
84.55 (Ne) : : :
274
D7 | 12119 | 5422 | 4118 850 | 464 | 518
3.90
S8 | 11637 | 58.96 | 63.53 844 | 438 | 2
3.95
G9 | 11069 | 45.25 858 | Jor
133.13 (Co%) 3.04 7.09 (H5*)
Vo | 12018 | 5825 | 3875 | [o2(Ch.) | 804 | 450 | SO0 £ 80 o)
193 | 221
E1l | 12260 | 5647 | 3024 | 3615(Cy) | 846 | 420 | 125 | 22
20.69 (Cy1) 0.88
viz | 12121 | 6273 | 3246 | o050t | 815 | 3es | 1es | 050
119,54 (C52) 3.10 7.01 (H82)
His | 12223 | sse | 3025 | ;%) | 84t | 483 | Sod Fos o)
119,54 (C52) 3.12 7.01 (H52)
Hi4 | 12111 | 5601 | 3037 | ;00,0 | 835 | 459 | 30 o5 o
3354 (Cy) 211 7.65 (He21)
Qs | 12217 | 5573 | 2022 | odiD | 857 | 43l | fgo | 236 | (oo D)
24.84 (Cy) .
K16 | 12371 | 5619 | 3295 | 28.93(C5) | 859 | 4.26 138 i'jj éggﬁﬂi*i
41.77 (Ce) : : :
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Table S3. Chemical shifts (ppm) of the *H, *3C and *°N signals of the binary complex of peptide
A°HBR-AP1.16 With Zn*".

residue N Ca Cp other **C HN Ha Hp Hy | other'H
271
D1 | 12692 | 5451 | 4117 841 | as6 | i1
A2 | 12384 | 5321 | 1892 854 | 422 | 138
2.20
E3 | 11947 | 5695 | 2079 |35.95(Cy) 839 | 414 | 192 | 220
131.72 (Co%) a1 7.21 (Ho*)
F4 | 12012 | 5816 | 3018 |13L37(Ce¥) | 821 | 454 | oo 7.30 (He*)
129.80 (C0) : 7.26 (HO)
2732 (Cy) .
R5 | 12311 | 56.36 | 30.66 | 43.10 (Cd) 820 | 4.19 ﬂg igf %ggﬂiﬂ
84.42 (Ng) : : :
27.10 (Cy) .
R6 | 12267 | 56.11 | 30.55 | 43.10 (Cd) 839 | 4.23 1?2 igg %ggﬂg)
84.35 (Ng) : : :
276
D7 | 12131 | 5413 | 4077 849 | 465 | 510
391
S8 | 11690 | 58.90 | 63.45 845 | 435 | oo
G9 | 11080 | 45.12 857 | 3.92
133.11 (C5%) 3.04 7.07 (H*)
Yio | 12023 | 5824 | 3882 |ijveres.) | 8o | 449 | S8 £ o
1.92
E11 5508 | 2092 |3578 (Cr) | 847 | 420 | 120 | 2.0
20.63 (Cy1) 0.87
V12 62.62 208e (Gl | 82 | 393 | 15 | 05
6.97 (H52)
H13 55.94 841 | 461 e
3.15 6.97 (H32)
H14 55.96 819 | 457 | 310 8o (o
767
33.55 (Cy) 211 (He21)
015 s.60 | 2044 | Soor (0| esa | 4z | Soo | 237 | OO
(He22)
24.85 (Cy) »
K16 | 12383 | 5628 | 3294 | 28.98(Co) 863 | 425 | 1o | 10 %ggg:g*))
4173 (Ce) : : :
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Table S4. Chemical shifts (ppm) of the *H, *3C and *°N signals of the ternary complex of human
peptide “°HB6R-AP1.16 dimer with Zn**. Only the signals which have chemical shift values

different from the monomeric zinc-peptide complex are shown in the table.

residue | Ca Cp other °C HN Ha Hp Hy | other'H
G9 44,92 8.57 4.01
132.69 (C5*) 6.98 (H5*)
Y10 57.04 38.97 118.05 (Ce*) 8.18 4.75 2.79 6.76 (He™)
E11 56.37 8.23 3.99
0.23
V12 60.90 16.34 (Cy1) 7.78 4.61 2.19 087
H13 | 57.04 9.54 | 476 | 3.03 8.02 (Hel)
H14 8.02 (Hel)
2.12 2.27
Q15 33.34 (Cy) 879 | 436 | 500 | 220
K16 32.32 8.74 4.25 1.96
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Table S5. The data used for Job’s plot (Fig. 4). Total concentration of [peptide] and [Zn®*] was
kept at 0.6 mM in all samples. Spectra were recorded in D,O solution of 10 mM bis-Trisg;g, With
pH 6.9. TSP was used as internal standard for measurement of chemical shits. The values of
chemical shifts were determined by line shape fitting of the signals using Mnova NMR software

(Mestrelab Research, Spain). Relative Val12®™

intensity is the ratio of the well-resolved
integral intensity of the signal at ~0.2 ppm to the integral intensity of all signals Val12 for the

methyl groups (0.2 — 0.9 ppm).

Zn Peptide Csmei?slg]? ! Ad(His Relative
Sample | portion | portion : Hs), 10-A8-pP Val124mer AIV¥2.pp
His Haé, . . Val12
(pZn) (pP) ppm intensity (1™
ppm
1 0.000 1.000 7.0060 0.0000 0.0000 0.000 0.0000
2 0.125 0.875 7.0017 0.0043 0.0375 0.050 0.0438
3 0.250 0.750 6.9950 0.0110 0.0825 0.082 0.0615
4 0.334 0.666 6.9880 0.0180 0.1199 0.103 0.0686
5 0.375 0.625 6.9850 0.0210 0.1312 0.106 0.0663
6 0.500 0.500 6.9780 0.0280 0.1400 0.110 0.0550
7 0.625 0.375 6.9750 0.0310 0.1163 0.100 0.0375
8 0.750 0.250 6.9718 0.0342 0.0855 0.080 0.0200
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