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TTP 103 RYKTELCRTFSESGRCRYGAKCQFAHGLGELRQANRHPKYKTELCHKFYLQGRCPYGSRCHFIHNPSE 170 

TIS11d 153 RYKTELCRPFEESGTCKYGEKCQFAHGFHELRSLTRHPKYKTELCRTFHTIGFCPYGPRCHFIHNADE 220
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Figure S1: A: NMR solution stru
ture of TIS11d (pdb entry: 1RGO). The side 
hains of

the Zn

2+
-
oordinating residues are shown. Sulfur atoms are depi
ted in magenta, nitrogen

atoms in blue and Zn

2+
in bla
k. B: Sequen
e alignment of the tandem zin
 �nger domains

of TIS11d and TTP is shown. Zn

2+
-
oordinating residues are depi
ted in red, 
onserved

phenylalanines at position Cys

1
+3 are depi
ted in blue. Boxes indi
ate ea
h zin
 �nger. C:

Equilibrated stru
tures of TIS11d (gray) and TTP (red) from MD traje
tories. The side


hains of the Zn

2+
-
oordinating residues of TIS11d are shown. Sulfur atoms are depi
ted in

magenta, nitrogen atoms in blue and Zn

2+
in bla
k. Overall RMSD between the equilibrated

stru
tures of the two proteins is in average 8.8 Å, whereas ZF1 and ZF2 show a RMSD < 1
Å and < 1.5 Å, respe
tively.
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Figure S2: Classi
al polarizable 
harge-transfer model approximates environmental depen-

den
e of ele
trostati
 
harges in the zin
 �ngers of TTP/TIS11d throughout mole
ular dy-

nami
s simulations. In order to evaluate the a

ura
y of the zin
 �nger model of Sakharov

and Lim

1

in 
lassi
al mole
ular dynami
s simulations of TTP and TIS11d, �ve 
on�gura-

tions of ZF2 in TTP were extra
ted from a single traje
tory to represent di�erent states of

zin
 
oordination (these 
on�gurations are visualized at the top of the �gure above), ranging

from fully 
oordinated by the CCCH residues (leftmost three 
on�gurations) to partially 
o-

ordinated (rightmost two 
on�gurations). As a referen
e, the 
harges were 
omputed using

density fun
tional theory with the B3LYP approximate ex
hange-
orrelation fun
tional

2�4

using Gaussian09

5

, after trun
ating the protein ba
kbone atoms from the 
ysteine and histi-

dine residues to form methanethiolate anions and a 4-methylimidazole mole
ule, respe
tively.

The 
harges from the CHARMM27

6

for
e �eld are 
ompared with those from the polariz-

able 
harge-transfer model of Sakharov and Lim

1

along with the natural bond orbital (NBO)


harges

7�10


orresponding to a series of di�erent basis sets. The 6-31+G

∗
basis set was used

in the parameterization of the CHARMM27

6

for
e �eld, along with that of the Sakharov and

Lim

1

model. Shown for 
omparison are the 

-pVDZ and 

-pVTZ basis sets. Agreement

among the di�erent basis sets suggests that these 
hoi
es are adequate, as basis set expan-

sion yields very small 
hanges in the 
harges. Panels (a-
) report the 
harges on the sulfur

atom of the methanethiolate anion, panel (d) reports the 
harge on the zin
-
oordinating

nitrogen atom of the 4-methylimidazole mole
ule, while (e) reports the 
harge on the zin



ation. In ea
h 
on�guration, the polarizable 
harge-transfer model represents an improved

approximation to the �xed-
harge model.
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Table S1: Values of RMSD for the equilibrated stru
tures of the protein and ZF1 and ZF2,


al
ulated for six traje
tories 100 ns long of TIS11d and three traje
tories 100 ns long for

TTP. Values are shown as mean ± STD.

RMSD(protein) (Å) RMSD(ZF1) (Å) RMSD(ZF2) (Å)

TIS11d r1 7.388± 2.320 0.808± 0.123 0.587± 0.117
TIS11d r2 7.136± 2.226 0.693± 0.151 0.675± 0.173
TIS11d r3 3.293± 0.565 0.520± 0.112 0.512± 0.108
TIS11d r4 3.767± 1.697 0.526± 0.103 0.627± 0.236
TIS11d r5 5.353± 2.505 0.568± 0.147 0.601± 0.128
TIS11d r6 1.638± 0.721 0.568± 0.118 0.499± 0.136
TTP r1 5.216± 1.214 0.520± 0.126 1.410± 0.354
TTP r2 7.540± 1.770 0.605± 0.133 0.663± 0.147
TTP r3 4.314± 2.678 0.595± 0.156 0.596± 0.159
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Figure S3: RMSD as a fun
tion of time for a representative 100 ns long traje
tory of TIS11d.

RMSD for the overall protein is depi
ted in bla
k, for ZF1 in red and for ZF2 in blue.
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Figure S4: The geometry of the zin
 
oordination in both zin
 �ngers of TIS11d and in ZF1

of TTP is monitored. The angles between the zin
 ion and the zin
 
oordinating atoms are

shown for a representative 100 ns long traje
tory of TIS11d and for the 100 ns long traje
tory

of TTP where zin
 
oordination is lost: ∡SCys1
-Zn

2+
-S

Cys2
in bla
k, ∡SCys1

-Zn

2+
-S

Cys3
in

blue, ∡SCys1
-Zn

2+
-N

His4

ε in red, ∡SCys2
-Zn

2+
-S

Cys3
in green, ∡SCys2

-Zn

2+
-N

His4

ε in 
yan and

∡SCys3
-Zn

2+
-N

His4

ε in magenta.
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Figure S5: The geometry of the zin
 
oordination in the C-terminal zin
 �nger of TTP is

monitored. The angles between the zin
 ion and the zin
 
oordinating atoms are shown for

the �rst traje
tory of TTP, 150 ns long: ∡SC147
-Zn

2+
-S

C156
in bla
k, ∡SC147

-Zn

2+
-S

C162
in

blue, ∡SC147
-Zn

2+
-N

H166
ε in red, ∡SC156

-Zn

2+
-S

C162
in green, ∡SC156

-Zn

2+
-N

H166
ε in 
yan and

∡SC162
-Zn

2+
-N

H166
ε in magenta. Sta
king distan
e between F150 and H166 is shown as a

fun
tion of time. The distan
e between the aromati
 rings was 
al
ulated as the distan
e

between the 
enters of mass for the heavy atoms of the two side 
hains. The running average

of the angles, 
al
ulated for a window of 100 datapoints, is shown as a bla
k line (white for

∡SC147
-Zn

2+
-S

C156
) within ea
h plot.
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Figure S6: The geometry of the zin
 
oordination in the C-terminal zin
 �nger of TTP is

monitored. The angles between the zin
 ion and the zin
 
oordinating atoms are shown for

the se
ond traje
tory of TTP, 150 ns long: ∡SC147
-Zn

2+
-S

C156
in bla
k, ∡SC147

-Zn

2+
-S

C162

in blue, ∡SC147
-Zn

2+
-N

H166
ε in red, ∡SC156

-Zn

2+
-S

C162
in green, ∡SC156

-Zn

2+
-N

H166
ε in 
yan

and ∡SC162
-Zn

2+
-N

H166
ε in magenta. Sta
king distan
e between F150 and H166 is shown as

a fun
tion of time. The distan
e between the aromati
 rings was 
al
ulated as the distan
e

between the 
enters of mass for the heavy atoms of the two side 
hains. The running average

of the angles, 
al
ulated for a window of 100 datapoints, is shown as a bla
k line (white for

∡SC147
-Zn

2+
-S

C156
) within ea
h plot.
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Figure S7: Aromati
 side 
hain sta
king of phenylalanine and histidine in ZF1 of TTP (top)

and TIS11d (bottom). Probability distribution of the sta
king angle (left), 
al
ulated as

the angle between the normals of the two aromati
 rings (the planes for the side 
hains

are de�ned by atoms Cδ2 , Cε1 and Nε2 for histidine and Cζ , Cε2 ,Cδ2 for phenylalanine).

Probability distribution of the distan
e between the aromati
 rings (right), 
al
ulated as the

distan
e between the 
enters of mass of the heavy atoms of the two side 
hains. Data refer

to the 100 ns long unfolding MD traje
tory for TTP and to six 100 ns long MD traje
tory

for TIS11d.
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Figure S8: Box-and-whisker plots of the distribution of φ and ψ angles for residues 201

(A,B), 202 (C,D), 203 (E,F) of TIS11d and 151 (A,B), 152 (C,D), 153 (E,F) of TTP. Data

refer to the 100 ns long unfolding MD traje
tory for TTP and to six 100 ns MD traje
tories

for TIS11d. The outlier points in panels A and B for TIS11d, 
entered at φ = 50◦ and

ψ = −150◦, 
orrespond to a single event observed in one traje
tory where a hydrogen bond

within the α-helix is transiently lost.
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Figure S9: The T202L mutant form of TIS11d samples the Zn

2+
binding-in
ompatible state

with higher probability than wild type. Probability density distribution of the dihedral

angles χ2 of H178 and the sta
king distan
e of F162 and H178 in ZF1 of TIS11d (top left),

χ2 of H216 and the sta
king distan
e of F200 and H216 in ZF2 of TIS11d (bottom left), χ2

of H128 and the sta
king distan
e of F112 and H128 in ZF1 of TIS11d T202L (top right),

χ2 of H166 and the sta
king distan
e of F150 and H166 in ZF2 of TIS11d T202L (bottom

right). Data are taken from six 100 ns MD traje
tories of TIS11d wild type and from six

100 ns MD traje
tories of TIS11d T202L. The 
olor bars show the values of the probability

density 
al
ulated for χ2 and sta
king distan
e as the number of 
ounts normalized by the

total number of observations and by the area of ea
h bin.
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Figure S10: A: The χ2 dihedral angle of the side 
hain of H216 is shown as a fun
tion of time

for a representative 100 ns long traje
tory of the TIS11d T202L mutant. B: S
atter plot

of the sta
king distan
e between the aromati
 ring of F200 and H216 and the χ2 dihedral

angle of H216 for the TIS11d T202L mutant. The distan
e between the aromati
 rings was


al
ulated as the distan
e between the 
enters of mass for the heavy atoms of the two side


hains. Data were extra
ted from a representative 100 ns long traje
tory of the TIS11d

T202L mutant.
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Figure S11: Chemi
al shift di�eren
e between the

15
N-

1
H HSQC spe
tra of TIS11d T202L

and TIS11d wild type. ∆δ was 
al
ulated as

√

(

∆δ15N ·
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2
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Figure S12: Zn

2+
titration of TIS11d T202L followed by NMR spe
tros
opy. The

15
N-

1
H HSQC spe
tra 
orrespond to the protein in absen
e of zin
 (top left), protein with 0.5

equivalents of zin
 in solution (top right), protein with 1 equivalent of zin
 in solution (bottom

left) and protein with 3-fold ex
ess of zin
 (bottom right). Cross-peaks from ZF2 have low

intensities, 
lose to the noise.
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Figure S13: Zn

2+
titration of TIS11d T202L followed by NMR spe
tros
opy. Cross-peak

intensities from the

15
N-

1
H HSQC spe
tra are shown as a fun
tion of zin
 
on
entration.

Cross-peak intensities of residues 155-186 are depi
ted in bla
k, 187-220 in red. The overall

de
rease in intensity observed at high zin
 
on
entration is due to a small 
hange in pH upon

ZnSO4 addi
tion.
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Figure S14:

15
N-

1
H HSQC spe
tra of TIS11d T202L free (blue) and bound (green) to 5′-

UUUAUUUAUUUU-3′ RNA.
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1
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Figure S16: All atoms representation of the NMR solution stru
ture of TIS11d (pdb entry:

1RGO). Side 
hains of hydrophobi
 residues are depi
ted in blue, side 
hain of F200 in red

and side 
hain of H216 in green.
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Figure S17:

15
N-

1
H HSQC spe
tra of TIS11d F200A free (red) and bound (blue) to 5

′
-

UUUAUUUAUUUU-3
′
RNA 
ompared to the spe
tra of TIS11d wild type free (bla
k) and

bound (purple) to 5
′
-UUUAUUUAUUUU-3

′
RNA.
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