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Materials and Methods

Wako-Saitd-Muiioz-Eaton (WSME) Model The Ising-like WSME model,'* with
energy terms for packing, solvation,>* all-to-all native electrostatics® — all of which
are lumped into a stabilization free energy term (AG™) - and structure-dependent
conformational entropy,” was employed to characterize the differential scanning
calorimetry (DSC) profile of Cnu following the protocol prescribed before.® A 5 A
heavy atom cut-off including nearest neighbors was used to generate the contact-map
that is provided as an input to the model. The final parameters as noted in the recent
work on Cnu are®: van der Waals interaction (vdW) energy per native heavy-atom
contact (&= 78.9 J mol™), entropic cost for fixing a helical residue (as identified by
STRIDE) in the native conformation (ASco, = -14.5J mol™ K per residue) and ASconf
=-20.6 J mol K" per residue for all other residues (i.e. an excess conformational
entropy of ~6.1 J mol™ K™ per residue). The ionic strength was fixed to 0.17 M and
the protonation state of charged residues was fixed to that of pH 7.0, mimicking the
experimental conditions.

The chemical denaturant dependence was introduced as before following the
conventional linear denaturant dependence of the folding free energy.” In short, the
stabilization free energy of the WSME model that includes contributions from the
various energetic terms is assumed to depend linearly on urea concentration®” with a
proportionality constant determined by 7o, (=0.0017 kJ mol™ M per native contact)
that reproduces the apparent C,, of ~5.3 M at 298 K. A more detailed description of
the WSME model, its energy terms and the procedure employed to calculate the total

partition function and free energy profiles can be found in recent works.*>*!°
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Protein Expression and Purification Cnu and H-NS, .59 were over-expressed in E.
coli BL21 DE3 Star (Invitrogen), purified and then lyophilized following the protocol

described before.®

Equilibrium Spectroscopic Measurements All experiments were performed at pH
8.0 and 170 mM ionic strength conditions (20 mM phosphate buffer + 112 mM
NaCl). Far- and near-UV CD temperature-wavelength spectra were collected on a
JASCO J-815 spectropolarimeter coupled to a Peltier unit in 1 mm and 10 mm quartz
cuvettes, respectively. Protein intrinsic fluorescence was measured by exciting Cnu at
274 nm in a Chirascan-plus qCD instrument (Applied Photophysics Ltd.) using a
10x10 mm cuvette coupled with a Peltier system for temperature control. The protein
quantum yields (QY) were calculated using NATA quantum yield (excitation

wavelength 274 nm) at 298 K and pH 7.0 as a reference.

Simulations The all-atom coarse-grained model of Onuchic and co-workers
(SMOG'") was used to generate the starting files for simulations in GROMACS as
reported before.® Briefly, a heavy-atom contact map of Cnu was generated with a 6 A
cut-off and excluding up to 3 nearest neighbors; this was fed into the SMOG server
for generating a native-centric potential with default parameters. The simulations
were run for 10° steps with a 0.5 femtosecond time-step (as carbon mass =1 in
reduced units) for each of the temperatures in the range between 50 — 150 (in reduced
units). The resulting single-molecule trajectories were analyzed with GROMACS
commands and in-house codes in MATLAB. The resulting free-energy profiles and
the temperature dependence of the different observables can be found in supporting
reference 6. The all-atom MD simulations in explicit water were also performed

following the protocol in supporting reference 6.
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Hydrodynamic Measurements A GE Superdex 200 HR analytical size exclusion
chromatographic column was calibrated with five different proteins (Ferritin,
Aldolase, Conalbumin, Albumin & Ribonuclease) of known Stokes radii at 278 K.°
Cnu equilibrated at different urea concentrations was then passed through the column
and the elution time was used to calculate the Stokes radius using the standard graph

above.

Binding Studies The H-NS;.5o-Cnu binary complex formation was monitored by
tracking the fluorescence anisotropy changes of the sole tryptophan in Cnu (W67).
The experiments were carried out in a Chirascan-plus qCD instrument (Applied
Photophysics Ltd.) equipped with a fluorescence polarization (FP) detector and
temperature controlled cuvette holder in a 10 x 10 mm quartz cuvette. Cnu was
excited at 295 nm (2 nm bandwidth) and a 320 nm cut-off filter was placed in front of
the FP detector for filtering out the excitation light. Cnu (4 pM) was titrated with
increasing concentrations of H-NS_s9 and equilibrated for three minutes with stirring
at cach addition. The titration curves were fitted to a 1:1 (Cnu:H-NS;.s9)

thermodynamic model to calculate dissociation constants (Kp).
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Figure S1. The far-UV CD of Cnu in mean residue ellipticity (MRE) units of deg.
cm” dmol™ as a function of temperature at various urea concentrations. The urea
concentrations are 0 M (blue), 1 M (dark blue), 2 M (light green), 3 M (dark green), 4
M (cyan), 4.75 M (dark cyan), 5.5 M (orange), 6 M (red) and 7 M (black).
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Figure S2. a) Temperature dependence of the protein quantum yield upon excitation
of Cnu at 274 nm. b) The SVD amplitudes of the first component (Figure 3b in the
main text) is near-identical in relative magnitude and trend to the QY data in panel (a)
indicating that they capture the intrinsic temperature dependence of fluorescence quite

nicely.
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Figure S3. The distribution of C,-C, distances between Y40 and W67 (panel a) and
the probability (¢) of a fully formed H-NS binding interface involving helices 3 and 4
(i.e. a well-folded protein; panel b), from all-atom coarse-grained simulations at each
temperature. Note that the changes in the structure happen much earlier than the
thermodynamic midpoint (i.e. temperatures < 1.0 7,,) indicating that these represent
conformational fluctuations in the native ensemble that moves continuously in
response to perturbations.
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Figure S4. Temperature dependent mean residue ellipticity of the H-NS;_s9 fragment
at 222 nm as monitored by far-UV CD. The line is shown to guide the eye.
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