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Abstract CzrA Motif Motif Analysis

We investigate the role of induction effects in a zinc ion mediated second-shell = Analyzed several other motifs for similar effects
hydrogen bond that plays a critical role in the mechanism of allosteric regulation

in the paradigm sensor protein Staphylococcus aureus CzrA. These effects have 1PBO 1A1F 1A73
been observed at other metal binding sites (MBSs). Natural Bond Order (NBO) % . e
and Symmetry-Adapted Perturbation Theory (SAPT) calculations on MBSs Rey” . N R
adopted from various proteins find that charge transfer (CT) effects withdraw ' 93 - ® L
greater charge from atoms participating in hydrogen bonding in the presence of ‘g0
Zn(ll) than in the apo state. Polarization may play a significant role in helping . ’: &f i
strengthen the metal ion mediated hydrogen bond in CzrA and other metal | . ‘. ‘f‘
sensor proteins. Furthermore, we find that ligand identity has an effect on 2M30 Truncated Model Atoms of Interest T HHCC HCCC
second-shell hydrogen bonds.
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Metal ion binding attenuates the conformational sampling of the 1.5 — ! I [
paradigm zinc sensor protein Staphylococcus aureus CzrA, helping i 7 g J Mz
regulate its allosteric mechanism of trascriptional repression. o 17 i >’ ol “H o [l i 2 I B I I
This effect is propagated from the MBS to the DNA binding site viaa | | £, [ 1 [UHE e TEIE 82 e 1 ol L ke 1 - e 1 - e
hydrogen bond network only observed in the metal bound state > | l | | ) | gier
A second shell hydrogen plays a critical role in this mechanism. S 0 Mo62x 6-31g** LC-Mo6L 6-31g™* 15
The role of electrostatics and induction in the formation of these bonds | | & | I_I H " ' - et | _ . I
_ o _ _ _ L i+ i i+ - O Interaction energy Electrostatics Exchange Induction Dispersion
in CzrA and other metal binding proteins is examined. 051 - I 3 5 | - _
. . . e . . . - - 16 05 : Inductive and Charge Transfer Effects
We aim to identify MBS motifs in nature that are likely to utilize similar Zn _ ON eN H O UH UH =
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= B3LYP-D/jun-cc-pvdz and 6-31g** used for CzrA = 10} aubord g_;_ - ¥
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MBS ligands are modeled in the metal binding protonation states S LI H [0 "0F e : S mmar
10 ns constant pH calculations performed using AMBER 15 510 1 Bsf - u a y
chj'“"_‘ ] L%-G— - Metal ion binding tends to promote second shell hydrogen bond interactions in
. ig 1 these metal binding site motifs.
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Protonation States of CzrA = Experiments indicate = Electrostatics and Exchange are dominant effects in interaction energy

: that Zn(ll)-binding results = CT effects do not account for the entirety of inductive effects
: in a +1 change in charge - - = Key trends in CT and natural charge unaffected by functional and basis set
| atthe MBS Sampling Conformational Space Additional Mofifs -
j I We find that Chain A = Cys residues tend to reduce second-shell hydrogen bond interactions
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His97 is commonly or I e o, = Electrostatics and Exchange also dominate these motifs

positively charged for x in range(0,32) : = Inductive effect varies greatly between bound and apo state

X = round((x * 0.1), 3)
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for y in range(0,32): @ s = Dispersion effects remain relatively constant across states
00 \ 86 | 9 97 100 \ | y = round((y * 0.1), 3)

Chain A Chain B for z in range(0,32): Second-shell CT effects fail to capture the entirety of the induction effect and

Residue and Chain z = round((z * 0.1), 3) ¥ T @ may be overshadowed by polarization or first shell CT effects

1f (((x**2) + (y**2) + (z**2)) <= (d**2)) and (((x**2)
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