Water in heterogeneous/biological systems
Interfacial waterd from the ordered structures to the
single hydrated shell
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Introduction -Dielectric Spectroscopy

Dielectric spectroscopy is sensitive to relaxation processes
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Dielectric response on mesoscale

Dielectric spectroscopys sensitiveto relaxation processes
iIn an extremely wide range of characteristictimes(10°-10-1?s)

Broadband Dielectric Spectroscopy

Time Domain Dielectric Spectroscopy; Time Domain Reflectometry
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Dielectric Response in Biological Systems

Broadband Dielectric Spectroscopy

Time Domain Dielectric Spectroscopy
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Water as a marker in the dielectric spectroscopy measurements
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Water as a marker in the dielectric spectroscopy measurements




Water as a marker in the dielectric spectroscopy measurements

Hydrated sample
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Water innon organic systems:

1) Silica glasses

a. 62.6% SiO, 30.4%B,0,,7%Na,0

b. 70% SiO,, 23% B,0,, 7% Na,O,

Microporousand\MeseoporousMaterials
58 (2003)237-254
PRL (2010) Vol 105,/pp.3037 631

minerals with different doped ions (K, Co, Ni)

a. Montmorillonite
b. Kaolinite

Claysand Clay WMinerals (2014)yNoh262ppp2i- 73
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Porous glasses: Relaxation Mechanism
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Porous glasses: Relaxation Mechanism

Permittivity” []
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Porous glasses: Relaxation Mechanism
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Porous glasse Samples | Y R
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Porous glasse
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Porous glasse
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Pemittivity"

Aluminosilicates Montmorillonite Ni
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Aluminosilicates Montmorillonite Ni
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Fromnon organicto organic systems

Using the water as a marker in porous system we can find:

1) The dynamics of waten inthesiegime: of the tight/confinement

2) Theiinfluence of the:variousrions on the wateradynamic

3) Structurabproperties: ofitheisampleipéercolation: cluster, fractahdimension and
porosity

In organic systems additional effects appear:

Inert interfacial water as apposed to Specific structure of the
the actively solvating molecule protein surface

/ \

Concentration of the Anisotropic properties
hydrophilic centersin  Ordered structures
one place




Dielectric Responses of the confined water are similaigeeReuI)
in non organicand organic systems V.18, pp. 10992
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Water inorganic systems. Hydration shell dynamics in proteins

1) Hydration shell dynamics of a fibril protein
(Collagen type 1).

2) Hydration shell dynamics of a globular protein
(Lysozyme).

3) Hydration shell dynamics of a ring like protein
(Phycocyanin).



Introduction to collagen: General structure

Collagen is a protein consisted(of-Y-Gly)nrepeating sequences

Gly isthe Glycine X orY is theProlineor 4-HydroxyProline

O O O
(U\OH CT)[\OH HOACTJ\OH
NH, NH NH

Steric effect stabilizes the Hydrogen bondsGly: NHAAA O= Cstable ¥iple

extended nature of the leads to triple helixes organization helixes structure
individual chains
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Introduction to collagenWater bridges

Water molecules embed into triple helixes
creating water bridges, that stabilizzdlagen
structure[J. Bella et al Science, 19p4
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surface bridges surround the triple helixes.
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Introduction to collagenWater bridges

The hydration shells connect between each

other creating stabilized collagen filaments
[K. Kawahara et alBiochemistry, 2005

The problem: What is the differences
between hydration shell of globular
and fibrillar proteins
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Dielectric measurements of the hydrated collagen powder

Low temperature process

10

—
S

Dielectric losses, &"

Collagen powder, h=0.26 |
v T=144-156K, AT=3K

Excess wing——w-

il el el

10 10° 10° 10* 10° 10°

Frequency, /' [Hz]

Dielectric Losses

Temperature, [K]

S. A.Lusceacet al Proteinsand
Proteomics2010

3D plot of dielectric losses of the hydrated

collagen powders
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26




Dielectric measurements of the hydrated collagen powder S. AlLusceaget al J. NorCryst
Solids 201))

Ice process appears at high hydration level h>0.4  IC€ process Main process
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1. Main processdoesri dependon the shapeof the protein and is observedin
the various proteins.

It is attributed to the large-anglejumps of the water molecule

3. The presentmodelsare ignored the excessving at the high frequency
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New approach in the data description: Excess wing explanation

The proposedlarge-angle jumps can be correspondedwith the migration of the H-bond

networkdefect[l. PopovA. PuzenkgA. KhamzinandY. FeldmanPCCP2015
Orientation defect
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Collagen data treatment
10° 3
x De 10"k
e(WV = e—+ . 1 :
1+ Q(I Wo]:) r (|+ ionv), t° g 10° E
€ u 3
“w 10-1 .
Temperature, T [K] o[
(a) 280260 240 220 200 180 160 140 107 ¢ : .
10*F" & Uoharietal,iceth ' : hnaiaal : ; .
E B ST NE0.33 ice processes HW processes ,: 1 :
E 0« h=033 } d 10" F : .
Sk oA h=0.33 \i,g F : ",
10 W ¢ o~ h=026 .:: § [ l ] ] ] A Aol ! 1 1 A i
kO S IR0 s 1 10°  10° 10' 10° 10° 10 10°
= Torient™ Fmax h=0.16 "’;:' i E
10°F o Sa t-, E |Ogmf [Hz]
Ty F " T . @ ]
§ E' E 100_ T T T LELELLRAL | rorTTTT T rorTTTT rorTrTTTT
Tm,z;— ] Collagen powder, h=0.26 |
i "“,0 . _ B o T=144-156K, AT=3K :
10%F / | %
> 1 1 ] §
10 4 7 8 |o10"t :
1000/T [1/K] ‘B
ks
2
A
Excess wing;-,_
10° il .
10 10 10 10 10 10 10 10
Frequency, /' [Hz]




Relaxation in ice

I. PopovA. PuzenkgA. Khamzin
A andY. Feldman PCCR015
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Relaxation in ice

Independent defect migration

The low-temperature dynamic crossover in dielectric
relaxation behavior of icelh
Popov I.,Lunevl., KhamzinA., Greenbaumf, Feldman Yu.
(2017, Paper in preparation)
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Relaxation in ice

K.Gotoet al Japanesk
of Applied Phys(1986)
pp.351357

At low temperature the crack
appearancéeadsto the suppressiorof
the ionic defectand transitionbackto
the mechanism of the orientation
04 13 40 defect
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Collagen data treatment " /
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Relaxation by ionic defect cannot be faster than relaxation by orientation defect



DehydrothermalTreatment:

After Heating and Keeping the
collagenat 120 °C for 30 min, proton
hoppingmechanisnslowsdown

Chainstilting preventsthe
formationof thelong range
waterstructure

Relaxationoccursin local
compartments, where
contributionof the L-D and
lonic defectarecomparable
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