Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2016

Supporting Information for

"The unusual metal ion binding ability of histidyl tags and

their mutated derivatives"

Davide Brasili,? Joanna Watly, ? Eyal Simonovsky, ¢ Remo Guerrini,” Nuno A. Barbosa, ?

*
Robert Wieczorek?, Maurizio Remelli?, Henryk Kozlowski?™ and Yifat Miller<d

9 Department of Chemical and Pharmaceutical Sciences, University of Ferrara, via Fossato di
Mortara 17, 1-44121 Ferrara, Italy. E-mail: rmm@unife.it

b Department of Chemistry, University of Wroclaw, F. Joliot-Curie 14, 50-383 Wroclaw,
Poland. E-mail: henryk.kozlowski@chem.uni.wroc.pl!

¢ Department of Chemistry and “llse Katz Institute for Nanoscale Science and Technology,
Ben Gurion University of the Negev, Beer-Sheva 84105, Israel. E-mail: ymiller@bgu.ac.il



mailto:ymiller@bgu.ac.il

Table S1: Complex-formation constants for the ligand L1 with Cu(ll), at T = 298 °K and / = 0.1 mol-dm™3 (KCl). Standard
deviations on the last figure in parentheses.

Species Log S pK,
[CuLH;]* 25.68 (6) 4.3
[CuLH,]* 21.38 (3) 5.19

[CuLH] 16.19(4)  6.82

[CuL] 937(6)  7.87
[CuLH.]> 1.50(7) 825
[CULHL]*  -6.75(8)  10.05

[CULH ]~ -16.8 (1) _




Table S2: Complex-formation constants for the ligand L2 with Cu(ll), at T = 298 °K and / = 0.1 mol-dm™3 (KCl). Standard
deviations on the last figure in parentheses.

Species Log B pK,
[CuLH4]* 32.26 (5) 4.44
[CuLH;]* 27.82 (4) 4.58
[CuLH,]" 23.24 (3) 591

[CuLH] 1733 (4) 643
[CuL] 10.90 (5) -
[CULHL]*  -5.16(6)  9.40

[CULH ;%  -14.56 (8) :




Table S3: Spectroscopic parameters at different pH values for the system Cu(ll)/L1; C°cy)= 5-:10~* mol-dm™3; M/L ratio =

1.1.1.
UV-Vis CD EPR
pH Species Aam &Mlem! Amm Ae/Mlem?! AR (G) gn
2
45 [[%LI‘JLngfz]]f 663 41.1 254 0.15 164 232
5.0 [[Cc‘%gﬁ 635 672 328 103163 166 2.8
[CuLH,]* 536 021
5.6 [CuLH] 622 80.8 252 2.17
62  [CuLH][CuL] 610 87.7 34712 208295 173 227
[CuL] [CuLH] 570 20.25
677 010
_ 557 0.
75 [C%]L[Igu]%m 603 92 457 0.06
ULt 341 -0.13
250 3.47
640 0.21
_ 548 0.44
8.0 []Cz‘}%éu[LCI‘JJL%: 596 106 478 0.99 188 223
1 2 336 1.07
250 477
633 0.44
N 551 -0.46
8.6 {gﬁ{”} 577 123 474 0.16
2 335 172
252 5.41
S
5 55 0.
9.1 {83%51}3 562 140 474 0.16 188 2.23
2 335 172
254 5.59
8 %
N 5 0.
9.6 {83%11}2%4 558 130 402 0.16
3 337 124
254 5.96
i
N 7 0.7
10.3 {83%%—2}4_ 530 128 402 0.06 186 222
3 345 0.53
260 6.12
B
1
. 402 0.02
112 [CuLH.;] 521 135 10 002 193 2.19
294 -0.19
258 6.78




Table S4: Spectroscopic parameters at different pH values for the system Cu(l1)/L2; C°¢y)= 5-10"* mol-dm=3; M/L ratio =
1.1.1.

UV-Vis CD EPR
pH Species Amm &Mlem! /hm  Ae/M!em’! (IGH) gn
[CuLH, T
47 [CuLHs]>* 659 361 252 0.63 164 231
[Cul H ]
[CuLH, 2"
52 CulHr 639 520 249 1.30 169 2.8
[CuLH,]*
6.2 [CuLH] 607 681 246 1.75 ] ]
[CuL]
[CuLH]
6.7 Culp 607 693 246 2.00 173 227
72 [CuL] 602 734 247 2.44
_ 635 0.07
77 [CuL] = 5gg 826 557 0.19 182 2.5
[CuLH-] 251 275
636 0.20
_ 549 0.39
8.4 [CuL] = 579 898 476 0.09 186 221
[CuLH-] 335 121
247 441
632 0.40
. . 548 -0.58
8.8 [CuLH-)" 556 1006 202 0.02 _ _
[CulH-3] 336 176
249 591
624 0.83
. . 517 0.42
10.0 [CuLH-1" 537 10506 404 0.10 188 2.20
[CulH-3] 339 0.96
256 6.37
624 1.18
485 -0.99
109  [CuLHoJ 522 1085 370  oay 191 2.20
294 0.25
259 6.46
626 1.04
489 113
115 [CuLH-]* 518  109.3 %gg '(?-8176 _ _
294 0.16

261 6.84




Table S5: Metal-ligand interactions (L1a and L1b complexes).

X Cu-X [A]
Lla
His7 1.832
His11 1.835
L1b
His5 2.440
His7 1.849

Hisl1 1.841



Table S6: Metal-ligand interactions (L2 complex).

His4
His6
His10

Cu-X [A]
L2
1.875
2.130
1.901



Table S7: Hydrogen bonds of L1a and L1b complexes. Fragments marked with star supply hydrogen bond with atoms form

side chains.

Residue

D2.HI11
D2.HI11
A6..A8
A6..H9
Ac..D2
Ac..D2

HS5...A12
El.HI11
H7.H9
A6..A8
D2..D3
Ac..A6

H..PA PD-H..PA  Fragment HB type

[A]  [deg]
Lla
1.604 162.3 C=0%*. H-N*
1.637 170.6 C=0%*..H-N
2.195 157.8 N-H..O=C  3-10 helix
2.105 151.3 C=0..H-N*
2.005 153.8 C=0(Ac)..H-N
1.828 1684 C=0O(Ac)..H-N
L1b
1.878 166.2 N-H*..0=C
1.703  163.0 N-H..O=C*
2.461 162.7 C=0..H-N  3-10 helix
1.905 167.1 C=0..H-N  3-10 helix
1.950 168.6 C=0%*..H-N
1.847 162.5 C=0(Ac)..H-N



Table $8: Hydrogen bonds of S2 complex. Fragments marked with star supply hydrogen bond with atoms form side chains.

Residue

El..D3
D3..H4
D3..A5
H4..H6
AS.A7
H6..H8
A7..A9
A7..NH,
H4..G13

H..PA PD-H..PA Fragment

[A]  [deg]
S2

1.987  150.7
1.180  153.6
1.679 167.9
2.001 165.6
1.788  165.0
2.181 1649
2.095 156.2
2.079  158.8
1.704 1623
154.2

HI10..A11 1.670

N-H..O=C*

C=0*_H-N*

O=C.N-H
O=C..N-H
O=C..N-H
O=C.N-H
O=C.N-H
O=C..N-H,
N-H*..0=C
N-H..O=C

HB type

3-10 helix
3-10 helix
3-10 helix
3-10 helix
3-10 helix



Table $9: Conformational energies and populations obtained from the GBMV and Monte-Carlo calculations.

Peptide Averaged Standard error of the averaged Populations
conformational energy conformational energy values (%)
[kcal/mol] [kcal/mol]
Lla -819.9 0.7 27
L1b -861.0 0.6 73
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Figure S1. Species distribution diagram for the protonation equilibria of the ligand L1; C°, = 6:10"* mol-dm™3.
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Figure S2. Species distribution diagram for the protonation equilibria of the ligand L2; C°, = 6:10™* mol-dm™3.
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Figure S3. ESI-MS spectrum of the system Cu(l1)/L1; C°¢yqy = 5:1074 mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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Figure S4 ESI-MS spectrum of the system Cu(ll)/L1; C°¢yuy = 5-10™* mol-dm=3; M/L ratio = 2.1; pH = 5; negative ion mode.
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Figure S5. Experimental (up) and simulated (down) ESI-MS spectrum for the complex [CuLH,]* (CuCsgH77N2,059, MW =

1441 1442 1443

1445 1446 1447 1448 miz

1440.6) in the system Cu(l1)/L1; C°cyy= 5-10* mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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Figure S6. Experimental (up) and simulated (down) ESI-MS spectrum for the complex [CuLH.;]? (CuCsgH74N2,050, MW =
1437.6) in the system Cu(ll)/L1; C°cyy= 5-:107* mol-dm=3; M/L ratio = 2.1; pH = 5; negative ion mode.
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Figure S7. Experimental (up) and simulated (down) ESI-MS spectrum for the complex [Cu,L]* (Cu;CsgH7sN,,0,9, MW =
1501.4) in the system Cu(ll)/L1; C°cyqy = 5:10"* mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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Figure S8. ESI-MS spectrum of the system Cu(l1)/L2; C°cyqy = 5:107% mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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Figure S9. ESI-MS spectrum of the system Cu(l1)/L2; C°cyqy = 5:107* mol-dm=3; M/L ratio = 2.1; pH = 5; negative ion mode.
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Figure $10. Experimental (up) and simulated (down) ESI-MS spectrum for the complex [CuLH3]?* (CuCsgHggN24020, MW =
1507.6) in the system Cu(ll)/L2; C°cyqy = 5:107* mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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1606.4) in the system Cu(ll)/L2; C°¢yqy = 5:10™* mol-dm=3; M/L ratio = 2.1; pH = 5; positive ion mode.
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Figure S12. EPR spectra at different pH for the system Cu(ll)/L1; C°cyy= 11073 mol-dm3; M/L ratio = 1.1.1.
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Figure S13. EPR spectra at different pH for the system Cu(l1)/L2; C°cymy= 1-1073 mol-dm3; M/L ratio = 1.1.1.
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Figure S14 DSSP calculations for each residue along the peptides along the time of the simulations.
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Figure S15 Populations of the simulated peptides L1a and L1b models. The populations had been estimated via Monte Carlo
simulations.
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Figure S16 The Cu(ll)-Ng (His) atom and Cu(ll)-O (carboxyl group) atoms distance distribution for each His residue obtained
from MD simulations for the structures L1la, L1b and L2. The vertical lines within each box represent the median distance
values.
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Figure S17. Synthetic network of hydrogen bonds in Complexes L1a, L1b and L2.
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Figure S18. Competition plot for a ternary solution containing equimolar concentrations (1 mM) of: (a) Cu(ll), L1 and Ac-
THHHHAHGG-NH, (H. pylori); (b) Cu(ll), L2 and Ac- THHHHAHGG-NH, (H. pylori).
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Figure S19. Competition plot for a ternary solution containing equimolar concentrations (1 mM) of: (a) Cu(ll), L1 and Ac-

PVHTGHMGHIGHTGHTGHTGHTGSSHG-NH, (zp-PrP63-87); (b) Cu(ll), L2 and Ac- PVHTGHMGHIGHTGHTGHTGHTGSSHG-NH,
(zp-PrP63-87).



)l . free Cu(ll)
90
] \
= 80 Cu(ll) - Ac-HHHHHH-NH,
3 704
o ]
.2 60—-
% 50-_
é 40
g 30—-
L ]
207 Cu(ll) - Ac-EDDAHAHAHAHAG-NH,
104
O ] 1 T 1 1 1 1 1 1 1
3 4 5 6 7 8 9 10 11
pH
(a)
100 -
i free Cu(ll)
90
] ~
= 80
= |
O 704
° ] /
o 604 Cu(ll) - Ac-HHHHHH-NH,
g 50-_
S 40
= i
€ 30
L _
S 20
1 Cu(ll) - Ac-EDDHAHAHAHAHG-NH,
104
0 - I I I v I I 1
3 4 5 6 7 8 9 10 11
pH
(b)

Figure S20. Competition plot for a ternary solution containing equimolar concentrations (1 mM) of: (a) Cu(ll), L1 and Ac-
HHHHHH-NH, (Hise-tag) ; (b) Cu(ll), L2 and Ac-HHHHHH-NH, (His¢-tag).



