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Abstract

Chaotropicity (order-destroying) describes the entropic disordering of lipid bilayers and other biomacromolecules which is caused
by substances dissolved in water. Solvents in water are defined as kosmotropic (order-making) if they contribute to the stability
and structure of water-water interactions. These interactions between brine solutions (water and salt) and ancestral proteins
(AncC ribonuclease) induce varying changes in the protein’s structure. Understanding how these brine solutions and early
protein structures interact provides insight into the origins of life and zones of habitability across the solar system. Here, we
used a molecular dynamics simulator to assess the reaction of an ancient protein (ribonuclease sequence) when exposed to .15M
and 1.5M concentrations of MgCIl2 and NaCl. The ancient ribonuclease structure responded uniquely to .15M NaCl and both
concentrations of MgCl2. Both the nature of the cation and concentration of the salt promote different responses and effects
in the secondary structures of the AncC protein. According to the Hoffmeister Series scale, sodium is more kosmotropic and
magnesium is more chaotropic. These two different salts with two different chao-kosmo properties create two different responses
within the protein structure in that particular brine. This observation speaks highly to the significance of chao-kosmo influences

on molecular level outcomes.
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Chao- and Kosmotropicity

Chao- and kosmotropicity is a relatively
understudied phenomenon that reflects an anion
or cation'’s abilty to affect the hydragen bonding
properties of water molecules in a brine solution
(liquid water and salt mixture). The ions present
in a solution affect the hydrogen bonding
properties of the water molecules in the Solution
and therefore weakens (chao) or strengthens
(kosmo) the hydraphobic effect. This in tum
affects the structure of the macromolecules in the
solution. Chaotropic substances destabilize
hydrophobic effects, which results in
denaturization of biomacromolecules such as
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Investigating the Chao- / Kosmo-
Response

This study will be undertaken using a
complementary combination of numerical
modelling (molecular dynamics) and experimental
simulations using Protein Mass Spectroscopy. It
is suspected that the specific properties of the
cation-anion combination will create their own
specific responses correlated with their hydrogen
bonding effects

The chosen salts for the brine solutions are
representative of the various salts found
throughout Earth and other planets. The chosen
salts are also representative of each portion of
the Hoffmeister Series scale: a neutral chao-
kosmotropic analog (NaCl), a more chaotropic
analog (MgCl), and a more kosmotropic

analog ((NH,)'SO,)

Using an MD simulator with CHARMM, the AncC
protein was exposed to varying concentrations of
each brine solution. These were 0.15 and 1.5 M
of NaCl and MgCI2, then 0.15 and 0.75 M of
(NH,)'SO, Protein-brine exposure time during
simdiation’ was approximately 100 nanoseconds
at 273K and 1 atm pressure

There are three regions of the protein structure
that undergo some change during brine
exposure. These areas are circled, with three
distinct regions displaying noticeable structural
change. These areas correspond with changes
seen in each of the varying concentrations.
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