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Proteome adaptation to high-pressure in Archaea is still an open debate. Genomic studies were not able to
determine a clear adaptation pattern among the order of Thermococcales (unpublished data), and pressure
adaptation is often considered as a crossover adaptation, that is, a concomitant process with another, more
important, process' (e.g. the adaptation to high-temperature). However, recent studies on whole cells*?
highlighted the differences in proteome dynamics between Thermococcus barophilus (Tba) and Thermo-
coccus kodakarensis (Tko), two closely related species that grow at the same optimal temperature (85°C')
but differ only for the optimum pressure (400 bar for Tba, 1 bar for Tko)*. Such choice of organisms
permits to focus only on pressure adaptation.
The observed results could arise from two causes:

genomic differences, which would bring about the

difference in dynamics of the two proteomes and their ° o IMTMAO 293K
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different interaction with intracellular water, or the
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existence of a protective mechanism put into oper-

ation by the cell itself, e.g. the production of or-
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ganic osmolytes®. After investigating the first hy- 0014

pothesis®, we focused here on the second. We per-

formed Elastic Incoherent Neutron Scattering to study

the dynamics of the protein Phosphomannose Iso- 0001 T T T T x

merase (PMI) from the two organisms in presence of 14 o (A

trimethylamine-N-oxide (TMAQ). This approach per- o Tba PMI 1M TMAO 293 K 1 bar
Total fit

mits to characterize in detail the dynamics of the two —— Two-state model
—— TMAO Background

proteins without the complications of a whole-cell en-

vironment.
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The experiment was performed on IN13 at the
elastic scattering position (A\ = 2.23A and ~ 8ueV

FWHM resolution, corresponding to a time window

of ~ 100 ps), in a temperature range of 283 — 363 K 001

at two pressure points (1 and 400 bar) for the protein O ) o 3:—2) : ’
alone, and three pressure points (1, 150 and 400 bar) Figure 1: Fit examples for TMAO at 293 K (upper panel),
after addition of TMAO. The samples consisted of and for Tha PMI with 1 M TMAO at 1 bar and 293 K
lyophilized protein powder dissolved in D»O at a con- (lower panel). The different fit components are highlighted.
centration of 120 mg/ml, and the total sample vol-
ume was 1 ml. For the measurements with the osmolyte, 100 pl of a 10 M TMAO solution were added
directly to the sample cell, giving a final concentration of 1 M within a 10% error. Since hydrogenated

TMAO was used, a temperature scan of a 1 M TMAO solution in D>O was also performed to estimate
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Figure 2: Distance between potential wells (right panel) and entropy difference (left panel) for the two samples with (full
symbols) and without (empty symbols) TMAOQO.

its contribution on the protein measurements. Spectra were acquired every 10 min during a temperature
ramp done at 0.09 K /min. Raw data were corrected for empty cell scattering, transmission, normalized to
a vanadium standard and binned in 20 K steps. The same treatment has been done on the DyO and TMAO
measurements as well, in order to subtract their contribution. The reduction has been carried out on LAMP,
the reduced data has then been analysed and fitted by GNU Octave scripts. The TMAO scattering curves

were interpreted as a sum of two three-site jump contributions’ (fig. 1):
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where e~27°¢ ig the Debye-Waller factor, j, is the zeroth-order spherical Bessel function, and r; and 75
are the radii of the two motions. It is well known that TMAO has a structuring effect on the surrounding
water molecules®, and this likely leads to the emergence of a potential that hinders the free rotation of the
molecule, and only allows three-site jumps. In fact, we find that the value for r; is consistent with rotation
of the methyl groups of the molecule as expected (0.9+0.1A), while 7 (1.740.1A) is consistent with 120°
jumps of the whole molecule about its ('3 axis (passing through the N-O bond). The fitted curves for TMAO
alone at each temperature were then used as a fixed background for the protein measurements, analysed in
terms of the two state model® (fig. 1):

S(g,0) = e 487" {1 —2pipy (1 - —Si“;f)ﬂ ©)

We performed a global fitting by assuming an Arrhenius behaviour for the transition probabilities (p; /ps =
exp(—AH/RT + AS/R)), which gives the T-dependent Az? and the T-independent parameters d, AH
and AS. Figure 1 shows a fit example and highlights the two components. Figure 2 reports two of the
extracted parameters. The addition of TMAO has an opposite effect on the two proteins: it increases d and
reduces AS for Tko PMI, while the opposite is true for Tba PMI. In previous work ®, we have shown that the
decrease in d and increase in AS under high pressure for Tko PMI correspond to a general stiffening of the
protein and to the loss of structural stability, therefore, TMAO seemingly helps the recovery of flexibility for

Tko PMI, consistently with the hypothesis that the osmolyte could preserve protein function under pressure.



The opposite effect it has on Tba PMI is probably due to the very different surface charge arrangement of
this protein from its piezosensitive counterpart, as it is known that TMAQO does not interact directly with

proteins, but its effect is mediated by water®.
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