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Supplementary Methods

Sample preparation

Antifreeze glycoproteins are purified from the blood of the antarctic notothenioid toothfish,
Dissostichus mawsoni, as previously described!. Proteins were dissolved in borate buffer,
which consists of a heavy water solution of 0.3 M boric acid (purity>99.97%) and ~0.25 M
NaOH to adjust the pH to 9.0, or in magnesium sulfate buffer, which consists of a heavy
solution of 1 M magnesium sulfate. We chose these salt concentrations because for these added
concentrations the effect on the antifreeze activity of AFGP has been reported in the literature.>3

Linear spectra

All linear absorption measurements were performed using a Bruker Vertex 80v FTIR
spectrometer equipped with a liquid-nitrogen-cooled-mercury-cadmium-telluride (MCT)
detector. The spectra were recorded under nitrogen atmosphere at a wavelength resolution of 3
cm!. For every spectrum 100 scans were averaged. In all the measurements, a path length of
100 or 75 um was used. The temperature-dependent FTIR measurements were performed using
a Peltier-cooled temperature cell (Mid-IR Falcon, Pike technologies). The temperature was
ramped from 5 to 70 ‘C at arate of 1 ‘C /min. The background measurements on neat D20 were
performed using the same ramping parameters.

2DIR spectra

In the 2DIR experiments, we perform one color experiments by pumping and probing around
1630 cm! and two color experiments by pumping at 1630 cm™!' and probing at 1450 cm™!. The
home-built setup that we use has been described before*>. The excitation is performed with a
pair of femtosecond mid-infrared pulses. This excitation pulse-pair induces transient absorption
changes that are monitored by a probe pulse that is delayed by a time 7,,. After transmission
through the sample, the probe pulse is sent into an infrared spectrograph and detected with an
infrared mercury-cadmium-telluride (MCT) detector array, thus yielding the transient
absorption spectrum as a function of the probe frequency. The dependence of the transient
absoption spectrum on the excitation frequency is determined by measuring transient spectra
for many different delay times between the two excitation pulses. By Fourier transformation of
these spectra, we obtain the dependence of the transient absorption spectrum on the excitation
frequency. By plotting the transient absorption spectrum as a function of the excitation and the
probing frequency, we obtain a two-dimensional infrared (2D-IR) transient absorption spectrum
for each delay time 7.

All the measurements are performed under N, atmosphere in a standard sample cell with a path
length of 100 um. The temperature of the protein is kept constant by using a Peltier element
with an active feedback loop. Since the long time required for the measurement (5 hours) due
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to the low signal-to-noise because of HDO absorption and low sample signal, the starting
temperature was 0 C, and then it was raised to 5,23 and 40 C.

All the 2DIR spectra reported show the isotropic signal for a time delay of 0.5 ps.



Supplementary Information

Assignments
1628 cm! band

In FIG. S7 we show the linear infrared absorption spectrum of the sugar N-acetylgalactosamine
in the frequency region of the amide II and amide I vibrations. It is seen that the amide I
vibration of N-acetylgalactosamine absorbs near 1628 cm!, which is the same frequency as the
central frequency of the second subband that is observed for solutions of AFGP, and that has
been assigned to the amide I vibrations of the protein part of AFGP with an extended
conformation -8, The observed band for AFGP shows a distinct temperature dependence, which
is not observed for the amide I vibration of N-acetylgalactosamine, as seen in Fig. S7. Hence,
the observed band at 1628 cm! likely contains contributions from both the amide I vibration of
N-acetylgalactosamine and the amide I vibration of the protein part of AFGP with an extended
conformation.

1655 cm! band

The coupling of the amide I modes in an a-helix leads to two delocalized modes, defined as A
and E. The transition dipole moment of A is directed parallel to the helix, while the transition
dipole moment of E is oriented perpendicular to the helix °. In the linear infrared spectrum and
in the isotropic 2DIR spectrum these two modes cannot be resolved, and give rise to a broad
band centered around 1660 cm'. However, since A and E are perpendicularly oriented to each
other, we can enhance the visibility of a cross-peak between the A and E modes '° by subtracting
the parallel signal from three times the perpendicular signal. This procedure reveals the
presence of two bands, at 1655 cm™! and at 1665 cm™' (FIG.S8). The frequency splitting of the
A and E modes is around 10 cm™!, in agreement with values reported in the literature '!. The
relatively small frequency splitting of the 1655 cm! and at 1665 cm! modes, and their
frequency values exclude an assignment of these modes to an 3¢-helix!%13,
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Figure S 1: Normalized infrared spectra for solutions of AFGP 1-5 at a concentration of 2% in water and heavy water
solution.
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Figure S 2: 2D-IR spectra for AFGP 1-5 solutions in heavy water at a concentration of 2 wt%. The 2D-IR spectra were
collected by starting the measurement at 0 °C and then increasing the temperature.
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Figure S 3: Anti-diagonal slices for solutions of AFGP 1-5 and 7-8 at a concentration around 2%. The anti-diagonal slices are
taken for a T= 0.5 ps
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Figure S 4:2D-IR spectra for AFGP 7-8 solutions in heavy water at a concentration of 2%. The 2D-IR spectra were collected
by starting the measurement at 0 °C and then increasing the temperature.
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Figure S 5: a) Anti-diagonal slices for solutions of AFGP 7-8 at a concentration of 2% for different temperature. Raw data are
represented by circles, and fit data by continuous line. In addition, there are reported the Gaussian-shaped five different bands
used to fit the data. The centre frequencies are allowed to shift 0.05 cm™!/ °C to take in account of the temperature effect!“.
The raw data shows slight differences in intensity though it is the same sample. This is due to the long time (72 hours)
required for the complete set of measurements. b) and ¢) Normalized areas of the five bands reported in a) for different

temperatures.



a)

b)

4]

absorption

absorption

absorption

045
0.4
035
0.3
0.25
0.2
0.15
0.1

0.05

0.3

0.25

0.2

0.2

0.15

o
il

0.05

AFGP 7-8 '

—5C
—23¢

40C
——60C

AFGP 1-5+SB '
—s5C
—23C
—31C
——a0C

50°C
——60'C
—70C

1680 1700

AFGP 1-5+MS l

—5 C
—23C

40C
——60C

1640 1660 1680 1700
v (cm '1)

Figure S 6: Linear infrared spectra for solutions of AFGP 7-8 and AFGP 1-5 with 1 M of magnesium sulfate and
AFGP 1-5 with 0.3 sodium borate at a concentration of ~2%. The raw data are represented by the dashed lines,
and the fit data by the continuous lines. In addition, there are reported the six Gaussian-shaped bands used to fit
the data. The centre frequencies are allowed to shift ~0.05 cm!/ °C to take in account of the temperature effect.
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Figure S 7: Linear infrared spectra of N-acetylgalacosamine at a concentration of 6%. Dashed lines indicate the position of
the amide II and the amide I vibrations.
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Figure S 8: 2D-IR spectrum for solution of AFGP 1-5 at a concentration of 2% at 2 °C. The 2D-IR spectrum is obtained by

subtracting parallel signal from 3 times the perpendicular signal. Dashed lines indicate the two different alpha-helix modes at
1655 and 1665 cm™!.
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Centre positions (cm™) FWHM (cm™)

159242 3343
1620+3 39+3
163043 3246
1642+2 28+3
1656+3 38+3
1668+2 38+3

Table S 1: Centre positions and widths obtained by globally fitting the linear infrared spectra of AFGP 7-8 as a function of
temperature
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