Dynamics of water of hydration near disaccharides strongly depends on solute topology
MAPPING DENSITY FLUCTUATIONS, ROTATIONAL ANISOTROPY AND H-BOND EXCHANGE MECHANISM AROUND DISACCHARIDES
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1. MOTIVATION AND METHOD 3. RELATING DYNAMICS AND H-BOND EXCHANGE
BIOMOLECULAR SOLVATION STRUCTURE/ DYNAMICS CONCEPTUAL MODEL

——>[ after Laage, Hynes and coworkers]
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*Solvent structure and dynamics are important for biological function.

Experimental and computational studies of water structure near biomolecules
suggests solute amphiphilicity is key to controlling water structure through a
combination of solute functional groups /water interaction energy and solute

topology.

*Resolving these effects for large molecules is challenging. However,
disaccharides (because of a number of energetically identical OH groups)
potentially allow these effects to be disentangled.
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FEATURES OF HYDROGEN BOND EXCHANGE IN BULK H,O, NEAR AMINO ACIDS
AND TRIMETHYLAMINE N-OXIDE (TMAO):

1. Occurs via a rapid, large amplitude angular jump.

don
f

2. Jump occurs when fluctuations in the local H-bonding network lead to an over
coordination of the old acceptor and under coordination of the new.

MOLECULES AND METHODS 3. The transition state is transient and characterized by a bifurcated hydrogen bond

Classical Atomistic MD with equal distances between the donating H and the Os of the old and new acceptors.
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‘Changes in distance between donor
oxygen, old acceptor and new

1 acceptor oxygens are the same near

the linking oxygens of Kojibiose and

\Trehalose for water=»sugar H-bonds.
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Changes in jump angles during H-

bond exchange are quantitatively the

same for water=»sugar H-bonds near
Kojibiose and Trehalose.
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2. WATER STRUCTURE AND DYNAMICS ——— - i en TRENDS IN GEOMETRIC PARAMETERS )| noessvesr o oimame
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STRUCTURAL DYNAMICS

-If H-Bond dynamics slow down trends are the result of transition state excluded volume (f) changes we can RTAG
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_ waterwater H-bond, measured Equiprobability curves of the transition state

= watersugar H-bond, measured for OH rotation near different sugar oxygens
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4. CONCLUSIONS AND FUTURE WORK

*Slow down of water dynamics (translation and rotation) around Kojibiose and Trehalose correlates with local hydrophobicity.

*The rotational dynamics of water H-bonded to other waters and within 3.5 A of Kojibiose and Trehalose can be well understood by accounting for a reduction in the total
volume of the transition state and a broadening of the configurations making up that transition state relative to bulk water.

*The rotational dynamics of water H-bonded to Kojibiose and Trehalose can be understood only by accounting for a reduction in the total volume of the transition state, a
broadening of the configurations making up that transition state relative to bulk water and enthalpic differences between water=»sugar and water=>water H-bonds.



