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Abstract

The adsorption of water and substrate on immohiligandida antarcticalipase B was
studied by performing adsorption isotherm measunesneand using Inverse Gas
Chromatography (IGC). Water adsorption isothermtttg immobilized enzyme showed
singular profile absorption incompatible with theEB model, probably due to the
hydrophobic nature of the support, leading to evy interactions with water. IGC allowed
determining the evolution withyaof both dispersive surface energies and aciditylaasicity
constants of immobilized enzyme. These results skothat water molecules progressively
covered immobilized enzyme, when increasipg Eading to a saturation of polar groups
above @ 0.1 and full coverage of the surface aboye@®25. IGC also enabled relevant
experiments to be performed to investigate the \aehaf substrates underahat they will
experience, in a competitive situation with watResults indicated that substrates had to
displace water molecules in order to adsorb oretteyme from @ values between 0.1 to 0.2,
depending on the substrate. As the conditions tmethese adsorption studies resemble the
ones of the continuous enzymatic solid/gas reaatowhich activity and selectivity of the
lipase were extensively studied, it was possibldirtk adsorption results with particular

effects of water on enzyme properties.



1 Introduction

Contrary to expectations that enzymes are onlyaati aqueous solutions, enzyme activity in
almost anhydrous media was demonstrated in thesl®&3® has been extensively explored for
the last decades [1, 2]. These media include amtmgs organic liquid, supercritical fluids,
solvent-free, ionic liquids and gas phase systems.

These non-conventional almost anhydrous reactiodianpossess great advantages over
classical aqueous ones, such as shifting of theynasdic equilibrium in favor of synthesis
over hydrolysis and allowing easier recovery ofducts. However a small amount of water is
required for catalytic action of enzyme, as sonsgdueal bound water are absolutely essential
for maintaining the enzyme active conformationaltestand for promoting flexibility of
enzyme, by acting as a lubricant [3, 4].

The quantity of required water varies dependingach individual case. The optimal amount
depends on several parameters, including, poladgty enzyme active site, solvent
hydrophobicity, substrate and reaction conditioims.any case, the activity, stability and
specificity of enzymes in non-conventional media greatly affected by the level of water
present in the medium.

The best way to quantify the availability of waterthe biocatalyst in non-conventional media
is to use the parameter “thermodynamic water agtiaw), which describes the effect of
mass action of water on the equilibrium and iséf@e a better measure of the effect of water
than the water content [5].

Many studies were performed in organic solventgaaying ay. Nevertheless, the influence
of water on biocatalysis, remains unclear and néede further elucidated. In particulag
general trend has been found for the dependensel@ttivity, especially enantioselectivity,

on ay [6, 7].



For several years, we have been working with cootisugas phase reactors for performing
enzymatic reactions. In this type of reaction madia solid packed enzymatic sample is
percolated by a carrier gas, which simultaneouslyi€s gaseous substrates to the enzyme
and removes gaseous products. In this systemythie the reaction medium can be perfectly
controlled and fixed independently of the other cteen medium components, by
incorporating water in the inlet gas at the corrmaciar fraction. If the gas phase is assumed
as idealay is then obtained by dividing the partial pressofrevater by its saturation pressure
at the operating temperature. In case of organiarfeowever, thealculation of g requires
the knowledge of activity coefficients, whose estiion is far from being straitghforward.
The solid/gas reactor is therefore a powerful foolstudying accurately the sole influence of
ay on biocatalysis [8, 9].

The effect of @ on different types of reactions catalyzed by lgpBsfromCandida antarctica
has been studied extensively in our laboratoryydigg solid/gas reactor. \ltas observed that
water had a very complex role, and could simultasBoact as a lubricant, by change in
enzyme flexibility and increase of enzyme activiagg a competitive and enantioselective
inhibitor, as a competitive substrate, and by axteéng with all reactants, free enzyme,
transition state and products, like solvent molesulo in liquid media [10-13].

In our different studies performed in solid/gasctess, all these different effects of water
have been assessed as a functiowahahe reaction medium, but could not be reliedeal
hydration state of the enzyme. This is unforturegesuch knowledge is essential to gain a
fundamental understanding on the effect of wateemmryme catalysis. At whichyaprotein
charged groups are they likely to be surroundedilsters of water molecules? Above which
ay is a water monolayer retained on the enzyme seiraarrounding both charged and polar
groups of the enzyme? Above whicky, das the substrate to displace water molecules

adsorbed to the enzyme to interact with it? Thewango this last question is not only



dependent ona level allowing water monolayer formation, but alsa the ability of
substrate to compete with water for adsorptionhenimnmobilized enzyme.

In the following study, we are trying to answer thiése questions, by studying adsorption of
both gaseous water and substrates on enzyme, th@arddsorption isotherm measurements
and the use of Inverse Gas Chromatography (IGCihwis a dynamic and very accurate
vapor adsorption technique, allowing accurate datareation of surface properties [14-16].

In IGC the roles of stationary (solid) and mobitarfier gas and vapor probe molecule)
phases are inverted from traditional analytical GAsomatography (GC). Indeed, in GC, a
standard column is used to separate and characteeizeral vapor molecules, whereas in
IGC, known vapor probe molecules are injected amtmlumn packed with the solid sample
under investigation, which is immobilized CALB inum case, and whose surface
characterization is performed.

There have been very few experimental studies adohg both water and substrates
adsorption on enzymes [17, 18], although theserptisn phenomena might be a way to
better elucidate enzyme kinetics and specificityecéhtly we have studied molecular
mechanism of hydration of free, deglycosylated, dadalted pure CALB in the gas phase.
We showed that hydration occurs in two phasesw@tber activities below 0.5, water initially
binds to well-defined water-binding sites at thetpin surface and then above 0.5, gradually
a spanning water network is formed [19].

Nevertheless these results cannot be directly ueeéxplain the reaction kinetics we
measured in solid/gas reactor, for which we hadse an immobilized CALB preparation on
silanized Chromosorb. Indeed, this porous diatosuggport allows a uniform carrier gas and
probe vapour flow through the enzymatic fix bedd @anbetter access of gas to the enzyme
surface. Moreover, it avoids large pressure drapsscthe column containing the enzyme

sample.



In the present paper, we show adsorption studieforpged with the same immobilized
enzymatic sample, in order to be able to overlagahadsorption phenomena and CALB-

catalyzed reaction kinetics in continuous solid/gesctors.

2 Materialsand methods

2.1 Enzyme and chemicals

Candida antarcticdipase B was a lyophilized preparation (Chirazy@g kindly supplied by
Roche Industrie (Penzberg, Germany). All probesduselGC experiments were of the

highest purity (99% minimum) and checked by gasweitatography before use.

2.2 Adsor ption of lipase onto a solid support
CALB adsorption was performed onto 60-80 mesh Clasorb P AW DMCS, (Acid Washed
DiMethylChloroSilanized; Varian, France), as preasty described [20], by using 30 mg of

lyophilized Chirazyme L2 per 6 g of support.

2.3 Measurement of biocatalyst water adsor ption isotherm

Water adsorption isotherm of Chromosorb alone aitkd mmmobilized lipase were measured
at 25°C by using a DVS Advantage automated moistweption analyzer (Surface
Measurement Systems Ltd., London, UK) between 0994 relative humidity. The samples
were initially dried for 10 h at 25°C under totalliyied flowing air in the DVS moisture
sorption analyzer to obtain the starting dry sammpéess. The required humidity is generated
by mixing dry and water saturated vapor gas flowthe correct proportions using two mass
flow controllers and one vapor humidifier. The mshent was run with dm/dt(m, masst,
time) set at 0.002% miihto reach the equilibrium. This means that thetiraahumidity will

remain constant until the mass variation falls ¢iestly below this threshold. Once this



condition has been reached, the relative humiditthefsystem will be raised or lowered to
the next level.

The water adsorption curve was modeled using thum&rer-Emmet-Teller (BET) [21] gas

adsorption equation (Eq 1).

@-a,)xm myxC  myxC

wherem s the mass of bound water (in mg per mg of dgyere),my is the monolayer water

coverage, @ the water activity and C a constant. From thedinegression of the plot of

%W versus @, the theoretical monolayer water coverage carabrifated:
(1-a,)xm

My = Qi % whereSis the slope antithey-intercept [22].

2.4 Inverse Gas Chromatography (I GC) measurements

Theory of IGC

IGC consists in measuring the retention times giovaprobes of known properties in a
column packed with the solid material of interaghich is immobilized CALB in our case.
The retention time of these probes is related & dfiinity of the probes for the support.
Measuring how this retention time changes as atifmmcof probe molecule chemistry,
column temperature and ambient relative humiditpwas obtaining a wide range of physical
properties of the solid under investigation.

In the present study, IGC was operated in the itefidilution regime, which means that a
very small amount of vapor probe was injected thcarrier gas stream through the column,
leading to a very low surface coverage by the didges. The retention volume of the probe is
thus independent of its concentration and the résal linear adsorption isotherm, which can

be described by Henry’s Law.



The specific retention volum¥s of vapor probes, normalized to a temperature & 5K
and 1g of supported enzyme was calculated using, Edheret (min) is the retention time of
the probeto (min) is the dead-time obtained with methaRémL.min™) the carrier gas flow
rate,m (g) the mass of immobilized CALB and (K) the temperature of the column. The
James and Martin compressibility factgnwvas calculated using Eq 3, whé&eandP, are the

inlet and outlet pressures, respectively.

iy (t-t,) Fx27315

Vo - = 2
._3 (P/R)*-1
RGO o

The specific retention volumé; of vapor probes is related to the variation offtee energy

of adsorptiomMG,qsin the following way:

AG,ys = —(RxT xInVg) +C

where C is a constant depending on the choicerefezence state of the adsorbed probe and
also on the total area of the solid accessiblaggtobe.

AG,4s takes into account two kinds of interactions: dispe interactions (corresponding to
London forces) and specific interactions, which sists mostly out of Lewis acid-base

contributions.

—_ Ad
Ac':‘ads - AGads+ AG;SS
To obtain the dispersive as well as the specifitspaf AG,q4s different apolar and polar vapor

phase probe molecules are respectively injected thatt specific retention volum&g

determined.

In case of apolar probes, like alkanes, which gdy imteract by dispersive interactionss is

related toAGY,, by Eq 4 :



1 1
AGY =-RTInVg +C =-2N()2)2a(yd)2 +C' (4)

Where N is the Avogadro constanR the gas constang the probe surface are;aﬂ the
dispersive component of the probe surface eney&y,e dispersive component of the solid,

and C’ a constant. If a series of alkanes is iejd:qtg can be derived from the slope of the

alkane line in a plot dRTINV versusa(yﬁ)l/z.

If amphoteric polar probe molecules are also im@ctthen specific interactions can be
measured. The experimental points for the polabg@roolecules are located above the alkane
line in the surface energy plot. The vertical dis& between each point and the alkane

straight line represents the specific contributdrihe interaction, which is expressed as the

specific free energyDWG>h_  (Figure 1). In the presentlgt the specific free enthalpy of

ads
adsorption and the dispersive component of theasarenergy of supported enzyme were

calculated using the constants given in Table 1.

The enthalpic part ofAGSY, AH R, ) can be calculated by perfog the experiment at

different temperatures, and calculating the sldpthe plot AG§§S/T versusl/T , according

to Eq 5, derived from the Gibbs equation:

AGSR /T =AH B /T -ASSE (5)

ads

These AH :35 values can then be converted into acid-pasemeters if acid-base concepts

are applied, which were developed by several asthiocluding Gutmann [23]. The Gutmann
approach involves a simple four-parameter equatiath an acid and base term for each

amphoteric polar probe according to Eq 6:

AHE

ads

=Ko xDN+Kgx AN* (6)



Ka is the acceptor (acid) number aikgis the donor (base) number of the solid surfdail.
and AN* are the donor and acceptor numbers of the aemphotapor probe molecules,
which are available from literature [24] and givarTable 1.

Ka and Kg can then be obtained by plottindH:?_/AN* versus DN/ AN* , withAH>?P

ads ads

obtained for several amphoteric probes.

For the determination ofAH_,. of pentan-2-ol and hexani;3it was assumed that the

S
adsorption enthalpy was independent on temperatrthe range studied\H,_ . wasen

obtained from a plot of IMg /T) versus1/T , according to Eq 7, derived from the Eilas+

dlnp

3 ] :—ﬂRSt , giving the differential isostéheat of adsorption
\Y

Clapeyron equatiorE
T

AHg, by plotting Inp versusl/T, applied to chromatographic data at infinite ddaof which
are necessarily isosteric (constant adsorbate ageesf zero) [25, 26].

In(Vg /T) =—AH 44/ RT+C (7)

Conditions for IGC measurements

Experiments were performed using an SMS-IGC2000amgips (Surface Measurement
Systems Ltd., London, U.K.), allowing fully autoradtdetermination of interactions of ten
different gas probe molecules with solid column kidg material under investigation
(Chromosorb alone or with immobilized CALB in owase), under a wide range of humidity
and temperature conditions. A complete explanatibthe design of this apparatus can be
found in reference [27].

For each IGC experiment, DMCS treated 4 mm ID gladsmn packed with 500 mg of
support alone or immobilized CALB was used. Beforeasurements, column packed was

pre-conditioned for 10 hours at the initial tempera and @ studied.



To obtain the dispersive as well as the specifitase energies, different polar and non-polar
vapor phase probe molecules were injected and spetific retention volum¥s determined.
250 pL of each probe were injected with p/p°® wa®dito 0.025, where p and p° being
respectively equal to partial pressure of probehim gas and saturated vapour pressure of
probe, calculated by assuming an ideal gas typaehby p°(T)=&2"aPRD) at temperatures
comprised between 313 and 338K apdanging from 0 to 0.4. The carrier gas (heliurowl
rate was 10 mL/min. All measures of retention tiwvere triplicated.

To determine the enthalpies of adsorpticiH{4) of pentan-2-ol and hexan-3-ol on
immobilized CALB, 250 uL of pentan-2-ol or hexareBat p/p°® = 0.05 were injected at
varying temperature: between 308 and 324K ferd) < 0.15 and between 314 and 322K for

higher g values with pentan-2-ol; between 314 and 322 ifayavalues with hexan-3-ol.

3 Results

3.1 Water adsor ption by immobilized CALB, studied by water adsor ption isotherm

Water adsorption experiments were carried out Wwith silanized Chromosorb support alone
and the same support with immobilized CALB (Fig@ke Although the ratio of enzyme
CALB to support was only 1/200 (m/m), the presentenzyme on the support induced
significant changes: Support alone presented atdligtake of water in the total range §f, a
with an overall uptake of around 0.15% mass in&edsy = 0.9. Support with immobilized
enzyme adsorption isotherm showed an uptake ofrvoateveen 2 and 3 higher than support
alone, in the first part of the curvey(® to 0.35) and a water sorption exponential andmu
higher for g values above 0.35, reaching 0.92% mass increage=a0.9.

The water adsorption isotherm shape of Chromosatih mmobilized CALB differs from
the sigmoid shape of curves obtained with CALB al{itB], and more generally with isolated

proteins [28], which can be modeled by the BET ¢iqua



The BET model assumes the gradual recovery of seitig homogenous layers, characterized
by a constant C, associated to the energy of hypdratf the surface. It allows in particular
revealing the formation of a water monolayer asdneight, and the occurrence of free water
for higher g [17]. Yet, BET model is considered as a good nmagtecal tool to characterize
the water adsorption isotherm and to determinesittes of the monolayer for proteins, and this
for ay up to 0.4. Beyond this value, the BET model iswnoto gradually sweep from
experimental observations [21].

In our case, the curve which preseat#((1+aw)m) as a function of\a (Figure 3) does not fit
the BET model. This assumption is highlighted @at=20.2, where the curve displays a break
point whereas a linear curve is expected for ensyioiéowing the BET model [19].

These results suggest that Chromosorb support mpietiee possibility to evaluate the CALB
hydration with BET model. The water adsorption ligst we obtained, resembles type Il
isotherm, according to IUPAC classification propb&g Brunauer, Deming and Teller [29].
This uncommon isotherm suggests that interactiats/den water and solid are very low,
which is actually the case with silanized Chrombsairhydrophobic nature.

Thus, we used an alternative method, i. e. IGGnalyze the feature of CALB adsorbed on
support. IGC allows determining many parametersadid surface, such as dispersive and
specific surface energy. By following the evolutiohthese parameters with varying,ahe

hydration state of CALB can be estimated indirectly

3.2 Determination of aw allowing saturation of water binding sites on immobilized
CALB, by studying surface properties of immaobilized lipase by IGC
The saturation of water binding sites at the s@rfat immobilized enzyme CALB, when

increasing @, can be estimated by determining the surface ptiege like propensity to



adsorb apolar molecules or surface Lewis acid-lpasperties, as a function ofyaThese
investigations can be performed by IGC, which hasome a widely used technique to
characterize the surface properties of solid o@ompounds like natural fibers [30] and

food materials [31].

Influence of @ on the adsorption of apolar molecules on immobdiZALB

Figure 4 presents the evolution of the specifiemgbn volumes/s of five apolar probes-
undecane (Cl1h-decane (C10)p-nonane (C9)n-octane (C8) ana-heptane (C7) with the
ay of the carrier gas, through the column filled withmobilized CALB, at 313K. For the
longest alkanes)-undecane and-decane, it appears that the retention volumesedserand
then reach a plateau neay = 0.2.This same observation has been reported by Cetrdé

on glass beads fopa> 0.15, and was interpreted as coverage of thesidathe support by
water molecules [32].

Indeed water molecules progressively hide intepacsites from alkane probes and their
retention time decrease. When the specific reteantiolume becomes constant it may be
assumed that the surface of the immobilized CALBagered by a layer of water molecules.

Then the alkane probes adsorb on a film of watéerahan on supported CALB.
The value of yg for the immobilized enzyme followedetsame trend with increasing

humidity (Table 2), thus confirming the hypothesiswater coverage of the surface at this

water activity level.

Influence of @ on the adsorption of polar molecules
The use of polar probes allows evaluation of Leatsd-base interactions between these
probes and a solid support. First, the acid-baseacher of the immobilization support alone,

silanized Chromosorb, was determined by IGC \at=a0. Monopolar probes were used:



chloroform and 1,4-dioxane, being respectively lewcid and basic probes, in order to

obtain respectively a measure of the Lewis basmnity acidity of the support. It needs to be

emphasized thazt&jS'j’S values measured are not intrimsfepties of the support but depend

on the properties of the adsorbate as well. Neet#is results allowed to conclude that the

support presented predominantly an acidic or eleesiccepting character, as it presented a

much higher affinity for 1,4-dioxaneAG§§s = 9.5 kJ/mmot)) compared to chloroform (

AGSP = 5 kJ/mol/mg).This could be attributed to the presence of residilanol groups at

ads
the surface of the support after silanization trestt.
Moreover, the Lewis basicity and acidity of the gap with the immobilized CALB were
determined in the same conditions with both monaippiobes. It was found that support with
the enzyme and buffer salts has an acidic charaeten more pronounced than the
Chromosorb alone: the immobilized CALB affinity far4-dioxane is higheAGog, = 12.4
kd/mol.mg) and its affinity for chloroform even lew (AGzﬂs = 2.1 kJ/mol.mg). These
variations cannot be attributed to the immobiliaatbuffer salts (pH 7.5), they are probably
due to the presence of the enzyme. We assumerthab acids rather basic nature, such as
arginine, lysine and histidine, are in contact wille support (including residual silanol

groups) and become thus hidden. As a result, drdyamino acid with acidic side chain may

interact with the polar probes, resulting in a éase in basicity.

To determine the effect ofwaon Lewis constants for the immobilized CALRGS,,  of

different polar amphoteric probes (ethanol, acétbmiand ethyl acetate) were determined at

different humidity. Results obtained at 313K arewsh on Figure 5. It appears that values of

AGSE for the different probes strongly decrease wheneiasing & from 0 to 0.1 and then

stabilize. Such a drop in the specific free eneofysorption with increasingyaat low

humidity level, followed by a stabilisation at hegghay level, has been observed by Corate



al. for the adsorption of gaseous probes on minetalss{82]. This evolution was interpreted

as a progressive coverage of the surface by watkrames until polar sites were saturated.

The enthalpic part oGS, AHSh. , was calculated for eatthese probes by performing

these experiments at different temperatures foh @gc Figure 6 shows an example of the

curves obtained fory=0.2, between 313 and 338K.

Then, from the donor or acceptor character of edecof injected probes and frodH 35,

values K acceptor (acidity) andgthe donor (basicity) properties of the immobiliZ2dLB,

were evaluated. The Lewis aciditg{) and basicity Kg) constants decrease whepniacrease

(Table 2), following the same trend a8G3i. values. €hessults indicate that water

molecules are able to progressively mask polaraserfgroups of immobilized enzyme and
that these groups are completely covered by wat&y aequal to 0.1.
In accordance with the result obtained with monapakidic and basic probes, the supported

enzyme presented a higher Lewis acidity condfarthan Lewis basicity constaK.

3.3 Determination of competitive adsorption of substrates and water at the surface of
immobilized lipase by IGC

In our experiments with enzymes in gas phase, réffitepolar substrates were used, including
primary or secondary alcohols. These compounds coaypete with water for adsorption
sites on the immobilized enzyme. A way to invesigtnis competition is to measure the
enthalpy of adsorptionAH.q9 Of polar substrates, on immobilized enzyme atediint ay.
This parameter is a direct measure of the strewftinteraction between substrate and
supported enzyme and the evolution of this paranvath ay can be ascribed as site blocking

by water in a competitive adsorption situation.



The influence of @ on AH,q4s Of pentan-2-ol and hexan-3-ol on immobilized CAisBshown
on figure 7.

First, it can be observed that on the total rarfggyostudied, for both pentan-2-ol and hexan-
3-ol adsorption, AH.qd values are higher than the enthalpy of condemsatbeing
respectively equal to -52.6 kJ/mol and -43.4 kJ/midiis implies that the enthalpies of
adsorption are not only due to the heat of condemsaf the compound onto the solid, but
also to physic-chemical interactions between comgdand immobilized enzyme.

Secondly, it appears that the enthalpy of adsanatigpentan-2-ol and hexan-3-ol vary in two
stages with @. In the first stage AHaqd decreases rapidly with increasing. an the second
stage, it continues to decrease but with a very $tope. This stabilisation of th&Haqd
values corresponds to a decrease of alcohol retetithes, and to their lower variation with
temperature. This could be attributed to the cayeraf the immobilized lipase by adsorbed
water molecules, which hides binding sites fromohfds, in a competitive adsorption
situation. The @ corresponding to the breaking point between these parts of the

adsorption curve decreases from 0.2 to 0.1, whangihg from pentan-2-ol to hexan-3-ol.

3.3 Relation between hydration state and CALB activity and selectivity

The IGC study allows finding some correlation besweCALB catalytic activity at different
ay in gas phase, and water status (strongly or web&lynd). In our solid/gas enzymatic
reactor experiments, the optima| &ith respect to alcoholysis reaction was foundé¢oin
range 0.05 to 0.1 [33]. This corresponds to a watdivity level at which only stronger
adsorptive interactions with water occurs, and pglaups of immobilized enzyme are not
totally covered by water. This high catalytic attyivof CALB at very low g was also
observed by other authors in liquid media [34]cduld be assigned to the ability of the

dehydrated enzyme to keep essential water moleaulés structure by tight bonding. For



many other enzymes, it was shown that they begimetmin their catalytic activity at
hydration levels comprised between 0.12 and 0.2H¥@/mg protein, corresponding tqya
values much higher than 0.1 [35].

In our solid/gas experiments, we have extensivalgied the ability of CALB to resolve
racemic mixtures of secondary alcohols, and foumat the influence of @ on CALB
enantioselectivity was very significant. For exaenpl case of the CALB-catalyzed resolution
of pentan-2-ol or hexan-3-ol, through the estaiimn with methyl propanoate, the
enantiomeric ratio (E value) varied respectivelgnir 101 and 67 atyaclose to 0O, to a
maximum of 320 aroundya= 0.2 and 120 atyg= 0.1 [12, 13]. Above these optima} &alues
for enantioselectovity, E values decreased for Bettondary alcohols.

As far as pentan-2-ol is concerned, the pojntad.2 appears as a “turning point” where the
CALB enantioselectivity towards this alcohol staidsdecrease with increasing.aNe have
shown that the pointya= 0.2 corresponds also to a breaking point for ¢néhalpy of
adsorption of pentan-2-ol on immobilized CALB. Thabove @ 0.2, water molecules that
were trapped at the enzyme have to leave in ocderake room for the adsorption of alcohol,
and then gain motional freedoih.can be suggested that above this point, watisrraore as
a “solvent”, with high entropic effects, than as @mantioselective inhibitor, through very
specific steric effects, as it was shown for veny by values [12]. This can also be connected
to the large entropic term seen for enantioselggtiat high water activity. As CALB
enantioselectivity is disfavoured by entropy, tlesult is a decrease of E witly,afor ay >
0.2, and an increase of E at low where water predominantly acts through stericot$feby
binding in the stereospecificity pocket.

Concerning hexan-3-ol, enantioselectivity startsl¢éorease at a lowey,azalue equal to 0.1,
than for pentan-2-ol [13]. This gap between peritasi-and hexan-3-ol for Yaturning point”

may be explained by the bigger size and less phlaracter of hexan-ol, for which difficulty



in gaining access to non-wetted part of the surf#céhe immobilized biocatalyst is higher.
Indeed the change inywadependence for enantioselectivity coincides witlat tiof the

stabilization for the enthalpy of adsorption of Aex3-ol on immobilized CALB.

4 Concluding remarks

We have shown that water adsorption and IGC stuchesbe used successfully to monitor
hydration state of immobilized CALB, and also toéstigate the adsorption of substrates in a
competitive situation with water. As the conditiarsed for these studies resemble the ones of
the continuous enzymatic solid/gas reactor, in Whie have extensively studied activity and
selectivity of CALB, it was possible to link adstign results with particular effects of water
on enzyme properties. As a result, this study alewurther insight into the complex and as

yet not fully understood role of water on biocasisy
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and Research and the French National Agency fore&eb ANR (Program “Chimie et
Prcédés pour le Développement Durable”). Dr Majiddéri (Surface Measurement Systems
Ltd., London, U.K.) is thanked for water adsorptisotherm measurements of Chromosorb

alone and with immobilized lipase.
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Table 1: Characteristics ofalkane and polar probes used in IGC: moleculeasertiread),

surface tension (/E' ) at 20°C, Fowke’s acceptor nunpli*) and Gutman’s electron donor

numbers DN).

The two parameters AN (acceptor number) and DN ddommber) define the Lewis acidic
and basic nature of the probes. DN (kcal/mol) messthe energy of a coordinate bond
between a donor atom and the Lewis reference ati@lSin a solution of 1,2-
dichloromethane [23]. AN (dimensionless number)disrived from relative®’P NMR
chemical shifts of the basic referencgHfd, dissolved in the working acid. AN* (kcal/mol)

corresponds to AN corrected values, consideringvaNie of EtPO, equal to 40 kcal/mol

[36].
a (m°) VE /) AN* (kcal/mol) DN (kcal/mol)

acetonitrile 2.15 E-19 0.0275 4.7 14.1
1,4-dioxane 3.14 E-19 0.0250 0 14.8
ethyl acetate 3.3 E-19 0.0196 15 17.1
ethanol 3.53 E-19 0.0211 10.3 19
chloroform 4.4 E-19 0.0332 5.4 0
n-heptane 5.73 E-19 0.0203 - -
n-octane 6.3 E-19 0.0213 - -
N-nonane 6.9 E-19 0.0227 - -
n-decane 7.5 E-19 0.0234 - -
n-undecane 8.1 E-19 0.0246 - -




Table 2: Evolution of the dispersive componentwface energyyg , at 313K and acid-base

properties of immobilized CALB withya (n.d. for not determined)

aw 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Vg 26.47 | 2549 |25.305|25.3 25.02 | 245 24.38 | 24.67 | 24.08
+0.3 +0.4 +0.6 +0.54 | +0.6 +0.59 | +0.4 +0.5 +0.5

Ka 1.46 1.02 0.86 0.88 0.84 0.78 1.00 n.d. n.d

Ks 0.7 0.89 0.25 0.097| O 0.22 0.37 n.d. n.d.




Figurelegends

Figure 1: Determination by IGC of the dispersivenponent of the surface energy of the

solid (immobilized CALB)y¢ and the specific free energy of adsorptib@:>

ads

of polar

probes with the solid.

Figure 2: Water adsorption isotherm at 298K of @mwsorb alone/A) and with immobilized
Candida antarcticdipase B #) (5mg of lyophilized Chirazyme L2 per gram of Chrasorb)

(results from [13]).

Figure 3: BET plot for water adsorption at 298KiommobilizedCandida antarcticdipase B

(5mg of lyophilized Chirazyme L2 per gram of Chraso).

Figure 4. Evolution of specific retention volumé; of apolar molecules withya on

immobilized CALB at 313K : undecane)( decanetf), nonane A), octane §) and heptane

(0).

Figure 5: Variation of specific free energy of aggmn of ethanol §), acetonitrile A) and
ethyl acetaten() with ay on immobilized CALB at 313K. Standard deviationsrevtoo small

to be represented on the figure.

Figure 6: Determination of enthalpy of adsorptidnethanol ¢), acetonitrile A) and ethyl

acetate ) at av equal to 0.2, by plotting\GZ4/ T versusl/T for T comprised between 313
and 338 K.

Standard deviations were too small to be repredestdhe figure.



Figure 7: Evolution of enthalpy of adsorption ofnpen-2-ol A) (results from [13]) and

hexan-3-ol ¢) on immobilized CALB as a function of water actyi
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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