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ABSTRACT

Publishing

Preferential solvation/hydration is an effective way for regulating the mechanism of the
protein destabilization/stabilization. Organic solvent/water sorption and residual enzyme activity
measurements were performed to monitor the preferential solvatié{m)%ion of hen egg-white

lysozyme at high and low water content in acetonitrile at 25 0%obtained results show that

the protein destabilization/stabilization depends essenti IT?)on ¢ initial hydration level of
T—
thre

lysozyme and the water content in acetonitrile. Therefare” omposition regimes for the dried
lysozyme. At high water content, lysozyme has(hjg&xa.[gnity for water than for acetonitrile.
The residual enzyme activity values are close 10@/? At the intermediate water content, the
dehydrated lysozyme has a higher afﬁnw onitrile than for water. A minimum on the
residual enzyme activity curve wa okemﬁ\m this concentration range. At the lowest water
content, the organic solvent lecu?a% preferentially excluded from the dried lysozyme,
resulting in the preferential d"s&a& e residual catalytic activity is ~80%, compared with that
observed after incubatien.in pure water. Two distinct schemes are operative for the hydrated
lysozyme. At high and inn)iiate water content, lysozyme is preferentially hydrated. However,
ro{ein, at the intermediate water content, the initially hydrated lysozyme

£
in contrast to %ﬁf
has the i:@;l{ preferential hydration parameters. At low water content, the preferential

binding of the acetonitrile molecules to the initially hydrated lysozyme was detected. No residual

- 4

enzyme ac%iv was observed in the water-poor acetonitrile. Our data clearly show that the initial

h‘y\drat%o evel of the protein macromolecules is one of the key factors that govern the stability of

Vhe tein-water-organic solvent systems.
-
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Organic solvents are widely utilized in biochemical physics, biotechnology, and biomedicine
to selectively modulate the protein properties. In particular, organic solvents may stabilize the
partially folded conformations of proteins (amyloid fibrils and mo(eh%ﬂes).]s These protein

states may be responsible for the numerous debilitating diseases Das Parkinson’s disease, type

II diabetes, and Alzheimer’s disease. ‘)
T—
Protein-water interactions play a key role in fdetermining the structure, functions, and

stability of the enzyme molecules in the presenﬁand fice of organic solvents.”'* Enzyme

activity is an intricate function of the water comtent Q)rganic liquids. Typical functions of the
li

enzyme activity on the water concentratio@' quids can be delineated into three parts:'™
\

17

(A) The mixtures with hig wate?m‘tént constitute the first concentration region. One can
observe hydrolytic activity ~&h's<n e. However, numerous industrially important reactions
including transesterification and peptide synthesis are suppressed in aqueous solutions as a result
of the unfavorable if;t/ O\Bion equilibria.

(B) A sh dechi e/ in the enzymatic activity was observed after a certain threshold
concentrati n@the organic solvent had been reached. The position of this minimum depends on
the ph§sicochemical properties of the solvent.' Organic solvents may perturb the protein
st cta?e bg ering the electrostatic interactions of the polar protein groups, by direct interaction
with tl;)e tocatalysts, or through weakening of the hydrophobic interactions.

S ~ ) The third concentration range corresponds to the water-poor mixtures. The dried

6,13,14,18,19
S Due to the reduced

nzymes are in a glassy-like state at low water content.
conformational flexibility in organic solvents with low water content, the enzymes remain in the

active conformation. There are numerous advantages in employing nonaqueous organic liquids,
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including the catalysis of the industrially important synthetic reactions (peptide synthesis and

Publishing

wransesterification), the suppression of undesirable side reactions caused by water, the high
solubility of hydrophobic reagents, and the enhanced thermostability.'>

Preferential solvation/hydration is an effective way for revealing the mechanism of the
protein destabilization/stabilization in water-organic mixtures.”’® Ogganic solvent and water
molecules exist preferentially in the protein solvation shell. “Chis difference in the solvent
components between the solvation shell and bulk solvént has been described as preferential
solvation.'* Preferential solvation is a thermodyflamic quantity that describes the protein
macromolecule occupancy by the organic solvefit“and “watér molecules. This is related to the
actual numbers of organic solvent/water moléeules in-€ontact with the protein’s surface.”>*-°
Preferential hydration is the excess of wateg at'the protein surface relative to the water content in
the bulk solvent. The preferential hydratien does not always stabilize the native proteins.’® The
preferentially hydrating solvent&ystems‘can be divided into two groups. The first group always
stabilizes the protein structure. The dominant interaction in the first group is the organic
component exclusion. Fhe protein remains essentially inert. The preferential interactions in the
second group are détermingd by the chemical nature of the protein surface. This gives rise to a
precise balancg between Ahe binding and exclusion of the organic solvent. The preferential
binding depends strongly on the chemical nature of the organic solvent/water interface.”’ The
protein{ may adserb and unfold at this interface. The exposure of the additional protein
hydrophobjc groups can be enhanced by the protein unfolding.”!

The atm of our study is to simultaneously monitor the preferential solvation/hydration of the
protein molecules at high and low water content in organic liquids at 25 °C. Our approach is
based on the analysis of the organic solvent/water sorption and residual enzyme activity data.

One of the most important advantages of our approach is the determination of the preferential

interaction parameters in the entire range of water content in organic liquids.
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Hen egg-white lysozyme was used as a model protein. This protein is one of the most applied
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and studied in biophysical and biotechnological investigations.”>>> Lysozyme is a small
monomeric protein of 129 amino acid residues. The physiological role of lysozyme is to
hydrolyze polysaccharide chains.**~

The choice of acetonitrile was determined by the following readb\

A) Acetonitrile (AN) is a water-miscible organic solvent. Defore, the effect of this low

molecular weight substance on the hydration and functi n‘syf lysezyme can be studied in the
T—

entire range of water content. qﬂd
B) Acetonitrile is able to form hydrogen bo@wit ious hydrogen donors. In contrast to

water, however, it has no hydrogen bond donat&ﬂxabi& .
Il. EXPERIMENTAL \\\

.

A. Materials \
Hen egg-white lysozy XLU; crystallized three times, dialyzed, and lyophilized)

MO, USA). The e

and dried Micrococcusdysodeikticus cells were purchased from Sigma Chemical Co. (St. Louis,
&)Q ght of the protein was taken as 14300 Da. Acetonitrile (analytical
£

grade, purity &N pﬁriﬁed and dried according to the recommendations.** Water used was

doubly di ill@ All "water-organic mixtures were prepared gravimetrically using a Precisa

balanc€ (Swiss) with a precision of 0.00001 g.

NV
)

itial protein states

\ ried protein. The lysozyme powder was placed on the thermostated cell as shown in Fig.
~

(a) and dried using a microthermoanalyzer “Setaram” MGDTD-17S (+0.00001 g) at 25 °C and

0.1 Pa, until a constant sample weight was reached as shown in Fig. 1(a). The dried protein’s

water content was estimated as 0.002 + 0.001 g water g’ protein using the Karl Fischer titration
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AI P method, according to recommendations (Fig. 1(a)).”> This value for lysozyme implies that at the
Publishing
zero hydration level there are about two water molecules strongly bound to each protein

molecule.

Hydrated protein. The hydrated protein preparation was obtained by adding 50 mg of pure

C. Organic solvent and water sorption meas e‘n)e\nb\
T—
TEV1

The lysozyme samples were prepared as describéd p sly.*® The initially dehydrated as

water to 10 mg of the dried lysozyme.

prepared in Fig. 1(a) or hydrated lysozyme saimples ¢ presented to water-organic vapor
mixtures. The water-organic vapor mixture ﬂomg consecutively through a thermostated
saturator filled with the water-organic ﬁs@ d a cell containing the lysozyme sample.
Protein samples (7-10 mg) each were N water — organic vapor mixtures until no further
mass changes were detected as descr>dheviously.3 % Typically, the sorption equilibrium was
reached after 6 h at 25 °C. \uem nts of the protein-bound water (A;) were conducted by
Karl Fischer titration with.a Metrohm 831 KF coulometer. Organic solvent content of lysozyme
(A3) was calculate astb% rence between the total sorption uptake (A;+Aj3) and water content
(A1). The totg/ sorpti nfﬁptake (A1+A3) was measured by microthermoanalyzer “Setaram”

MGDTD- S.ﬂgmresents the schematic representation of the experimental setup. The water

activity_(a;)(in vapor phase was adjusted by altering the water content in the liquid water-

ture.

-/
aceotonitri

)

S . Residual enzyme activity
~

Residual enzyme activity was determined by measuring the enzyme activity after storage in

37,38

water - organic mixtures as described previously. The lysozyme activity was determined as

follows. The dried/hydrated lysozyme was immersed in an aqueous-organic mixture of required
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FIG. 1. Sch ti%tation of the experimental setup of the sorption measurements. The
components t%rl ental setup: (a) 1 — air pump; 2 - thermostated glass tube with P,Os; 3

— microthe nalyzer “Setaram” MGDTD-178S; 4 — thermostated cell; 5 — Karl Fischer titrator.

£
= a undp; 2 - thermostated glass tube with P,Os; 3 — microthermoanalyzer “Setaram”

D-D’S; 4 — thermostated cell; 5 — Karl Fischer titrator; 6 — thermostated saturator; 7 —

ater §organic mixture.

<
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composition and was incubated at 25 °C for 3 h. This time period exceeded the time
Publishing
corresponding to the completion of the calorimetric heat effect accompanying the interaction of
the dehydrated proteins with pure organic solvents and water-organic mixtures.” The
concentration of lysozyme in the water-organic mixtures was 1 mg/ml. Adding 100-pl aliquots of
the lysozyme solution in the water-rich acetonitrile (or the lysozy s)sw\nsion in the water-poor
acetonitrile) to the aqueous solution of the substrate (Micrococcus lysodeikticus cells (2.9 ml, 0.3
mg/ml) in 0.1 M potassium phosphate pH 7.0), we initiat: fhj enzyanatic reaction. Change in the
—

absorbance at 450 nm was recorded using a Perkit@:; mbda 35 double-beam scanning

spectrophotometer. The reaction was followed“for 500 s. Each kinetic curve was

reproduced not less than three times. \ L.‘,)

i\
lll. RESULTS AND DISCUS

.

A. Water and organic so&%&t\ rption

Fig. 2 presents the watery(41) and organic solvent (A3) vapor sorption isotherms for the

dried and hyd?é%ye at 25 °C. The acetonitrile and water sorption depends markedly on
the initial h draﬁio\n‘lqel of lysozyme. Three distinct effects were identified:

(1) At }/1ig ater content (water mass fraction in acetonitrile, w;=0.9-1.0), the A; and A5
valfies are similar for the dried and hydrated protein.
o (i1) At the intermediate water content, at a given wy, the A4 values are higher for the initially
\?y.irated lysozyme. The A5 values are higher for the dried lysozyme.
(ii1)) At low water content (w;>0.1), the water sorption is lower for the initially hydrated

lysozyme. The A3 values are higher for the dried lysozyme.
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(35 Water (A,) sorption isotherms for lysozyme at 25 °C: 1 — Dried lysozyme; 2 —

ydrabad lysozyme. (b) Organic solvent (A;) sorption isotherms for lysozyme at 25 °C: 1 —
\oe.tonitrile sorption by the dried lysozyme; 2 — Acetonitrile sorption by the hydrated lysozyme.
he standard errors of estimation of the water/organic solvent sorption were 0.001-0.002 g/g.

Each experiment was performed 3-4 times.
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The protein solvation shell is composed of two parts: (i) nonideal (due to preferential
solvation/hydration) and (ii) ideal. The nonideal effect of the solvatlon shell on the protein
properties (residual enzyme activity, water and organic solvent on) can be expressed in
terms of the excess functions, FZ,**** i.e., the difference bet e observed mixing function,
FM and the function for an ideal binary mixture, F

Deviations of the excess functions from zero in cé'} the tent to which the solvation shell
differs from the pure binary water-organic syste@ue t ferentlal interactions between water
(component 1), protein (component 2), and organic solyént (component 3).

The F® values were calculated usinghq\(
\

\Q\ F = PY - Rl 1)

The FJ; values c%&culated using Eq. (2):

\ = FM(w; = 0) + w;[FM(w; = 1.0) — FM(w; = 0)] (2)

vﬁe ; = 1.0) is the observed mixing function of lysozyme at w; = 1.0; FM(w; = 0)

is t 0bs&ved mixing function of lysozyme at w; = 0; w; is the water mass fraction in the
ﬁ

1nary water-organic mixtures; ws is the organic solvent mass fraction in the binary water-

wr‘g'anlc mixtures (w; + wz = 1.0).
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The Fi%'i values describe the situation when there are no preferential interactions between
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water, lysozyme, and organic solvent. In this case, the water mass fraction in the ideal part of the

protein solvation shell is the same as in the pure water-organic mixture.

C. Excess sorption <\

Fig. 3 presents the ZM (water mass fraction in the ly z%\ation shell) and Z¥ (organic
~
solvent mass fraction in the lysozyme solvation shellm function of water mass fraction.

values
The ZM and Z2! values were calculated using Eqg. (3) an

\ >
ZiVI = A\ (3)
&"4&.
SS .
\\ A{+A3 (4)
The simultan us?c%)f acetonitrile and water was characterized by the Z£ and Z£ values

(Fig. 4). Thes@ éon functions were calculated using Eqgs. (5) and (6):

{ ZE =27V -z}, 5)

~
b Z5 = Z3' — Zig s (6)
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AI P where Z {” is the mass fraction of water in the solvation layer for the real water-organic
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mixture. Z{y ; is the mass fraction of water in the solvation layer for the ideal water-organic

mixture. The Z %'1 values were calculated using Eq. (7):

Z%J =Z{"(wy = 0) + wy [Z](wy = 1 Wl = 0)] (7)
where ZM(w; = 1.0) is the water mass fraction in t

s@hell of lysozyme at w;=1.0;
—

ZM(w; = 0) is the water mass fraction in the solvatign shell at'w;=0; w; is the mass fraction of

water in organic solvent. Q .)

Z éVI is the acetonitrile mass fraction 1n%tlon shell for the real water-organic mixture;
Z %’3 is the organic solvent mass frﬂk\&the ideal water-acetonitrile mixture. The Z %’3

values can be calculated using E<8 S ~

Q

Zigs = 28 (w3 = 0) + w;3[Z} (w3 = 1.0) — Z' (w3 = 0)] (8)

%

zyme. As concluded from Fig. 4, the Z£ values are positive at high (w; = 0.9-1.0)

ﬂ.

Drledsly

and logv 1 = 0-0.2) water content. A considerable decline in the water sorption was found in the

Sint ediate range of water content. The Z¥ values are negative in this concentration region. The
N

ost pronounced suppression was observed in the water mass fraction range from 0.5 to 0.8. On

the other hand, the Z£ values are positive in the intermediate range.


http://dx.doi.org/10.1063/1.4984116

! I P | This manuscript was accepted by J. Chem. Phyk3Click here to see the version of record.

Publishing

M M
Z1 or Z3

00 o 04 06 08 10
‘\ Water mass fraction
£

FIG. Q;?t(r mass fraction in the solvation layer of the dried lysozyme (ZM); 2 —

Organigfsolve ass fraction in the solvation layer of the dried lysozyme (Z3); 3 - Water mass

fragtion in élvation layer of the hydrated lysozyme (ZM); 4 — Organic solvent mass fraction
he

( }tion layer of the hydrated lysozyme (Z21).
w ~


http://dx.doi.org/10.1063/1.4984116

! I P | This manuscript was accepted by J. Chem. Phyk4Click here to see the version of record.

Publishing

00 ~02 04 06 08 10
‘\ Water mass fraction

S

FIG. @wa‘[er mass fraction in the solvation layer of the dried lysozyme (£ f );2—
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n
Excess waser ass fraction in the solvation layer of the hydrated lysozyme (Z f ); 4 — Excess
ﬁ

(@3 solvent mass fraction in the solvation layer of the hydrated lysozyme (Z f ).

Q\

lvent mass fraction in the solvation layer of the dried lysozyme (Z:E ); 3 —
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Hydrated lysozyme. As shown in Fig. 4, the ZF values are positive at high (w; = 0.9-1.0)
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and intermediate (w; = 0.3-0.9) water content. The most pronounced increase in the water content

was found at w; ~ 0.5. However, the Z¥ values are negative at low water content (w; = 0-0.2).

D. Residual enzyme activity / \

Fig. 5(a) shows typical kinetic curves for the enzym 1c%catalyzed by the dehydrated
—

and hydrated lysozyme preliminary incubated in fwater-acetonitrile mixtures. The catalytic
activity was characterized by the ratio of the ﬁent of“hydrolysis attained within 300 s with
lysozyme incubated in a water-organic mixtuwlt ame quantity measured using lysozyme
incubated in pure water (Fig. 5(a), curve

The residual activity values a pre m Fig. 5(b). As concluded from Fig. 5(b), AN
affects the catalytic activity of the hy ed and dried enzyme in a complicated way.

Dried lysozyme. At hig\ o ent (w1~0.9-1.0), the residual activity values are close to
100%. At w;<0.9, thergfis«a sharp transition from the water-rich region to the intermediate one.
The residual catalyfic jCBOf lysozyme changes from 100 to 0% in the transition region. A

minimum on th€resi eétivity curve was observed at w; of ~0.5 in AN.

incubationgn pure water.
H{ l‘Jsted lysozyme. At high and intermediate water content (w;~0.4-1.0), the residual
values are close to 90-100%. At w;=0.2-0.4, there is a sharp transition from the water-
ich region to the water-poor one. The residual catalytic activity of the hydrated lysozyme
changes from 100 to 0% in the transition region. At w;<0.1, the residual catalytic activity is close

to zero.
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_li /5. /(@) Typical kinetic curves for the enzymatic reaction catalyzed by dried and
h_}./“h ted lﬁozyme previously incubated in water-acetonitrile mixtures. Dried lysozyme. Water
ass f’action in AN: (1) 1.0, (2) 0.76, (3) 0.49, (4) 0.4. Hydrated lysozyme. Water mass fraction
\h\AN: (5) 0.39; (6) 0.23. (b) Residual activity of lysozyme in water-AN mixtures: 1 - Dried

lysozyme; 2 - Hydrated lysozyme. All values are the averages of three measurements.

Experimental errors were 1-1.5%.
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E. Excess residual enzyme activity
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Effect of the excess hydration (Z%) on the residual enzyme activity was characterized by the

the R values (excess residual enzyme activity). The R values wer?alculated using Eq. (9):

3N
RE = RM — Rl | ©)
=

where RM is the observed residual enzyme activity; R%S the function for an ideal binary
mixture. ( _)
-

The R values were calculated using (1%7\

N
RY = RWQNF wy [RM(w; = 1.0) — RM(w; = 0)] (10)

=

AN
where RY (w; = 1.0) isM ed residual activity of lysozyme at w; = 1.0; RM(w; = 0)
is the observed resi% ity of lysozyme at w; = 0; w; is the water mass fraction in
acetonitrile; W?%cyl ile mass fraction in the binary water-organic mixtures.
Fig. 6 p Q%M

In ideal<’:; mixtures (mixtures of two components, W [water] and S [organic solvent]) the
V.

dependencies of the R¥ values on the water mass fraction in acetonitrile.

ifiteractions in the solvation shell are the same as the average W-W and S-S

average
im&e@§ in the bulk solvent. Nonideal mixtures are composed of particles for which the W-W,
(w

W-S interactions are all different. As shown in Fig. 6, the R¥ values differ significantly
\&

om zero, indicating that the effect of the water-organic solvation layer on the residual enzyme
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ﬁra?tion in the solvation layer of the hydrated lysozyme (Z f ); 2 — Excess residual activity of the

hydrated lysozyme in water-AN mixtures.
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Publishing  activity is nonideal in the entire range of water content. It is worth noting that the Rf values
are consistent with the Z£ values (Fig. 6). Three different concentration regimes were observed
for the dried lysozyme (Fig. 6(a)):

(i) At w; > 0.8, the RE and ZF values are positive.

(i) At the intermediate water content (w; = 0.3-0.8), th@f values are negative.
th

Acetonitrile augments the irreversible inactivation of lyso ym&\ region for the dehydrated
protein. Q“H

-~
(iii) At low water content, the RY and ZE values S‘@ ve.

Two distinct regimes are operative for th h}gkafecﬂ)/sozyme (Fig. 6(b)):
L -
(i) The RE and ZE values are positive,at fatermédiate and high water content (w; = 0.2-1.0).

(ii) At w; < 0.1, the R and Zf é;\e negative. The acetonitrile-induced irreversible

inactivation was found at low water \nfanb the hydrated lysozyme.

G. Preferential interacﬁq\arameters
The prefe?t%a}tion parameters®' ™ (Egs. (11) and (12)) describe the extent to which

the protein 01321&0 hell differs from the pure binary water-organic system due to preferential
interactions ween water (component 1), protein (component 2), and organic solvent

(compenen 4‘ he preferential solvation of lysozyme was estimated using Eq. (11):

)

5 w3
wk\ (093/092) 1 p1,u3 = Az — W_1A1 (11)
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where A is the lysozyme hydration, expressed as gram water per gram lysozyme; A5 is the
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binding of acetonitrile, expressed as gram AN per gram lysozyme; Wy is the water mass fraction

in water-acetonitrile mixtures; Wy is the mass fraction of AN in water-organic mixtures (w; +

The preferential hydration was characterized using Eq. (12 3\
e
(091/992) T p1,us = _(_:)-L 3?"2)1;11,;13 (12)
The preferential interaction parameters caleulated using Eqs. (11) and (12) are presented in

Figs. 7 and 8. To show the reliabilit;%g indings, the (09:/092)r 1,3 and (0g3/
\

9] gZ)T‘“Lw values for the hydr ed\lgso me (Figs. 7(a) and 8(a)) were compared with the
o

published data for lysozyme diw water-acetonitrile mixtures.”> As concluded from Figs.

7(a) and 8(a), our results and thé'previously published findings exhibited strong agreement.

Gibbs energies (@sfer of water (Agi’ref) and AN (A Ggref) from water-acetonitrile

mixtures to th?;to yation shell were calculated using Egs. (13) and (14):

Glpref = uf (solvation shell) — p£ (binary mixture) (13)

£
Q /
Qs AGY™ = \iE (solvation shell) — & (binary mixture) (14)
\
The pf (binary mixture) and p& (binary mixture) values were estimated using Egs. (15)

and (16):
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ﬁ
Qﬁi 7. (a) The preferential hydration parameters as a function of water mass fraction in

\aca'onitrile ((091/092)1u1,u3): 1 — Dried lysozyme; 2 — Hydrated lysozyme; 3 — Adapted

data from Ref. 23. (b) Gibbs energy of the transfer of AN (AG;’ ref ) from binary water-organic

mixtures to the solvation shell: 1 — Dried lysozyme; 2 — Hydrated lysozyme.
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FIG. ) The preferential solvation parameters as a function of water mass fraction in

\ata. from Ref. 23. (b) Gibbs energy of the transfer of water (AGlp ref ) from binary water-organic

ﬂ
ﬁ&g
%ﬁ'l e ((093/092)1pu1,u3): 1 — Dried lysozyme; 2 — Hydrated lysozyme; 3 — Adapted

mixtures to the solvation shell: 1 — Dried lysozyme; 2 — Hydrated lysozyme; 3 — Excess Gibbs

energy of water bound to lysozyme.'* Reference state is pure liquid water at 25 °C.
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uf (binary mixture) = RTIny,(binary mixture) (15)
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u (binary mixture) = RTIny;(binary mixture) (16)

Water activity coefficients (y; (binary mixture), the mass frwle; the reference state

is pure water) in water-acetonitrile mixtures were estimated uin\D (17):
o

¥4 (binary mixture) = 21 S (17)

m &5

-

Organic solvent activity coefficients (y;3( 'nary-stixture), the mass fraction scale; the

reference state is pure acetonitrile) in water: rgan lhfures were calculated using Eq. (18):
y3(binary % =l (18)
zm%cex«ﬂe activity (a3 ) were taken from the published data®**

Water activity (a4

based on the vapor; 1qu1

are presented %

The p sol ation'shell) and | (solvation shell) values were estimated using Egs. (19)

uilibrium. Additional details of the organic solvent and water activity

né Information.

and (20); /

ﬁ
&3 uf (solvation shell) = RTIny, (solvation shell) (19)

us (solvation shell) = RTIny;(solvation shell) (20)
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Water activity coefficients (y; (solvation shell), the mass fraction scale) in the solvation

Publishing

snell were calculated using Eq. (21):

Y1(solvation shell) = g—,:, / 21)
1

. . . . A
where Z is the mass fraction of water in the lysozyme sol t@bﬂ;ﬂ” =1 +1 i
1 3

Organic solvent activity coefficients (y3(solvation fk%iqmass fraction scale) in the

—~
solvation shell were calculated using Eq. (22): .
vs(solvatio ell)’= Z—; (22)
3

_A43
A +A3

AN
i&t lysozyme s

where Z2! is the mass fraction (&?\k
The A Glpref and A G;ref@resented in Figs. 7 and 8. As concluded from Figs. 7 and

8, the AGf el and AGF¥ f‘wﬂes correlate well with the preferential interaction parameters.
The AGlp el \élue > at wis0 (F ig. 8(b)) was compared with the excess Gibbs energy of water
4

bound to th W yme.'"* This Gibbs energy was obtained from the water sorption

olvation shell; Z3" =

experim in the absence of AN. As shown in Fig. 8(b), a good agreement was found between

our da a/nd )he previously published results. This result constitutes evidence that our
ﬂ

cal lations are reliable.
ﬁ

T!)e lysozyme destabilization/stabilization due to the preferential solvation/hydration was

Yhﬁacterized by the AGZ? el values (Fig. 9). The AGzp "¢/ values were calculated using the Gibbs-

uhem equation for ternary systems (Eq. (23)):
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f pref
i pref __ mlAGfre +m3AG,
Publishing AG, ™ = — (23)
AGY™ = \iE (protein in water — organic mixtures) — p& (pure protein) (24)

PR

NN

where pf, u, and pE are the excess chemical potentials o , lysozyme, and acetonitrile;

7

zymg, and AN.

my, m,, and m; are the masses of water, dried or hydrate ly-Sj)
~—

A

—
H. Effect of the preferential interactio o&h&l)sozyme activity and hydration
-

The enzyme activity and somtion@ts can be summarized as follows. Three
composition regimes were observed forx(:q{ﬂ?d-lysozyme:

(i) At high water content (w\}g-\l.O), lysozyme is in the native state. The (3g/
092)1,u1,u3 and R values Wive. On the other hand, the AGP™, AGY™, and (dg5/

092)1,u1,u3 Vvalues @Zve. Lysozyme has a higher affinity for water than for acetonitrile.
a

Our conclusi(71 in g/ree ent with the previously published results for the water-rich

acetonitrile mixturés, From the experiments on the equilibrium dialysis,” it was observed that
lysozymé is preferentially hydrated at room temperature.
(&/{memediate water content (w; = 0.4-0.8), the preferential binding of AN to the
&k@te\dslysozyme was detected. The AGP™, AGP™ and (dg3/0 92)T,u1,u3 values are

qji.w
positive. On the other hand, the excess residual enzyme activity (R¥) values are negative.

<
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(ii1)) The dehydrated proteins are in a glassy-like (rigid) state. At the lowest water

Publishing

content, the acetonitrile molecules are not effective in solvating the dehydrated lysozyme alone.

The organic solvent molecules are preferentially excluded from the dried lysozyme. This results

in the preferential hydration. Therefore, the (0g1/092)T u1, #3 values are positive (Fig. 7) at

the lowest water content. At w; < 0.2, the dried lysozyme r sﬁ\atalytlc activity after
incubation in the water-poor acetonitrile (Figs. 5 and 6). Theesi 1 catalytic activity is ~80%,

compared with that observed after incubation in pure watér. ‘) —~

.
Two distinct schemes are operative for the hydrated lysogy e:

(1) At intermediate and high water content, &AGYP)T values are negative. A deficiency of

-
acetonitrile exists near the lysozyme surfacewelative,to its bulk phase concentration. The residual

enzyme activity values are close to 90%

(i) At low water content (w;

- )Q preferential binding of the acetonitrile molecules

to the initially hydrated lysozyr&tﬁ{

water-poor acetonitrile. There the AGP™, AGP™ and (0g3/092)r i3 values are

positive. On the o@ AGP™ and (99,/092)7 w13 values are negative.

IV.C NE} Sl

und. No residual enzyme activity was observed in the

y.
- 4

We 'Sn stigated the preferential interactions of hen egg-white lysozyme with water-

— S
acetor%

Sthe solute values of the acetonitrile/water sorption. The degree of destabilization/stabilization
~

ue to the preferential interactions depends essentially on the initial hydration level of lysozyme

mixtures. Our approach is based on the analysis of the residual enzyme activity and

and the water content in acetonitrile:

Three concentration regions were observed for the dehydrated protein:
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AI P (1) At high water content, lysozyme is in the preferentially hydrated state.

Publishing (i1) At the intermediate water content, the dehydrated lysozyme has a higher affinity for AN
than for water The residual enzyme activity is minimal in this concentration range.

(iii) At low water content, the acetonitrile molecules are preferentlally excluded from the
protein surface, resulting in the preferential hydration. Dried ly Zyme shows a high residual
catalytic activity in the water-poor acetonitrile.

Two different regimes were found for the hydrated | oz hlgh and intermediate water
content, lysozyme shows the positive preferential h ion.“tlowever, in contrast to the dried
protein, the initially hydrated lysozyme has the i ;gﬂipﬁ rentlal hydration parameters at the

intermediate water content. At the lowest ater content, the preferential binding of the

acetonitrile molecules to lysozyme was 0 r data clearly show that the initial hydration

level of the protein macromolecul m\@hhe key factors that control the stability of the

protein-water-organic solvent S)M[&
SUPPLEMENT M%ER

Addltlona etaﬂ e organic solvent and water activity are presented as Supporting

Informati

. /
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