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Abstract

A series of water-in-oil microemulsion systems formulated without surfactant were used to solubilize lipas@&fi@micor miehei and
Candida antarctica B. The effect of the system’s composition on the velocity of enzymic reactions was investigated following a model esterificatiol
reaction. The interaction between enzymes and the microemulsion environment was studied by steady state fluorescence spectroscopy. The
localization of the enzyme within the different microdomains of the dispersed phase was investigated by applying the fluorescence energy trar
technique. To determine the properties of the interface of water in organic solvent surfactantless microemulsion systems the Electron Paramag
Resonance (EPR) spectroscopic technique was applied. The results indicated that even at low water content, water-rich structures are for
This was confirmed by conductivity measurements. By the addition of enzyme it was observed that when the aqueous phase of the surfactar
microemulsion systems exceeds 2% (v/v) the enzyme retains its catalytic activity, as it is located within the water pools that protect it from t
organic solvent. These confined water phases show a propanol rich interface with hexane and their structure depends on the system’s compo:s
© 2005 Published by Elsevier B.V.

Keywords: Biocatalysis; Microemulsion; Lipase; Spin probe; Energy transfer

1. Introduction systems, the enzyme molecules are entrapped into aqueous Gav-
ities of spherical reversed surfactant micelles and thus protected
Lipases (EC 3.1.1.3) are importantindustrial enzymes, whiclirom denaturatiofi6, 7]. However, practical applications by w/o s
catalyze the hydrolysis of fats and oils and can also play a rolenicroemulsions may be hindered by the necessity of reusing the
in the synthesis of various useful estgty However, water is catalyst and separating the surfactant from the reaction prod-
not the ideal medium for reactions catalyzed by lipases, as thects. These difficulties may be avoided by using surfactantless
activity of these enzymes is greatly increased at the lipid—watemicroemulsion systems consisting of hydrocarbon, alcohol and
interface, a phenomenon known as interfacial activafgjn  water. a3
One of the models proposed to explain the interfacial activa- These ternary mixtures (also known as surfactantless
tion suggests the conformational change of the lipase, whichicroemulsions) consisting of a non-polar organic solvent, a
depends on its environmel3 and is usually triggered in water- short chain-alcohol and water represent thermodynamically sta-
in-oil (w/0) microemulsiong4]. Thus, w/o microemulsion$] ble and optically transparent aqueous dispersions in the hydre-
have been used as ideal media for lipase catalysis. In thesarbon solvent and have been shown to serve as appropriate
media for enzymatic catalysig—8]. These ternary systems 4
have the ability to dissolve both hydrophobic and hydrophilie
** Corresponding author. Tel.: +30 2651 097 360; fax: +30 2651 097 064. reagents, are presumed to possess a Slgmflcan.t interfacial atea
E-mail addresses: hstamati@cc.uoi.gr (H. Stamatis), and can be prepared from inexpensive non-toxic solvents. An
arisx@eie.gr (A. Xenakis). important advantage of using such systems as a reaction mediam

* Corresponding author. Tel.: +30 210 72 73 762; fax: +30 210 72 73 758.

0927-7765/$ — see front matter © 2005 Published by Elsevier B.V.
doi:10.1016/j.colsurfb.2005.11.012
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is that the separation of the reaction products as well as the 1-propanol
enzyme reuse may be facilitated as compared to classic reverse
micellar systems. In addition, the solubility of relatively polar
compounds in such systems is high due to the presence of large
amounts of the polar alcohol.

The aim of this work was to study the catalytic behavior of
lipases fromRhizomucor (former Mucor) miehei (RmL) and
Candida antarctica B (Cal) in surfactantless microemulsion
systems consisting of-hexane, 1-propanol and water, in rela-
tion to the microstructure of the dispersed phase. The choice
of the specific lipases was based on the interface activation of
the enzyme exhibited by the RmL one and not by the Cal.
The literature concerning the structure and the microenviron-
ment of such surfactantless microemulsion systems is quite
scarce[9]. Thus, our intension was to enrich our knowledge
on some structural aspects of such surfactantless microemul-
sion systems in relation to the localization of lipases and their
catalytic activity in these systems. We applied, thus, fluoresrig. 1. A triangular phase diagram of the systefhexane/1-propanol/iwater.
cence spectroscopy including steady state and energy transfesmpositions are given in mole fractions. Region B corresponds to monophasic
measurements, Conductivity measurements, as well as the EPpstems. The lines within the region B represent the samples Tabk ().
spectroscopic techniquy#0,11].

Enzymes are proteins that contain na’[ura"y occurrinQNaS obtained from Molecular Probes, OR. Stock solutions
fluorophores, with tryptophan being the most highly fluorescen®f PNA in surfactantless microemulsions were prepared and
amino acid in their molecule, which accounts for about 90%stored at—20°C in the presence of 0.1 mg/ml BHT (2,6-di-uo
of the total fluorescence of enzymgk2]. This fluorescence tert-4-methylphenol) as antioxidarftL6]. The spin-labeled iu
is sensitive to the polarity of the tryptophan surroundingfatty acid 5-doxyl stearic acid [5-(1-oxyl-2,2-dimethyl-u.
environment. This allows conclusions about the enzyméxazolidin) stearic acid], 5-DSA, was purchased from Sigmas
localization to be drawn by applying steady state fluorescenc@ll other reagents were of the highest commercially available

H,0 n-hexane

spectroscopy. Moreover, specific information concerning théurity. 115
topology of the enzyme in relation to the various microphases
of the system can be retrieved by applying the fluorescenc22. Preparation of the microemulsion systems 116

energy transfer techniqy&2]. Information about the structure

of the interface between the aqueous and the organic phase The surfactantless microemulsion systems were prepared
of such microheterogeneous systems can be monitored Hyy mixing the required volumes oef-hexane and 1-propanol.us
applying EPR spectroscop¥3]. Additional information about Then, the aqueous phase (Tris/HCI buffer, pH 7.5) containing
the structure of the system in the presence and in the absenttee enzyme was added and the final water content of the system
of the enzyme can be obtained by conductivity measuremenigsas adjusted by addition of the required amount of buffer. In ail

[14,15] cases, the final volume was 1 ml. The mixture was shaken using
a vortex until transparency appears. No further equilibratian

2. Experimental of the systems was needed. The compositions of the systams
examined were chosen to correspond to the monophasic atea

2.1. Materials (area B) of the phase diagram that is presentelign 1 The 12

lines indicated as Systems 1-4 correspond to the systesms
Lipase fromR. miehei was supplied by Fluka (as lipase examined. The exact compositions of these systems are givensn
from Mucor miehei). The enzyme preparation used in the Table 1 120
various experiments had a specific activity of 2.1 Uthg
of protein (LU corresponds to the amount of enzyme which
liberates Jumol butyric acid per minute at pH 7.5 and 40  Table 1
using tributyrine as substratell. antarctica lipase B was Composition of the surfactantless microemulsions

supplied by Fluka. The enzyme preparation used in the variouseries n-Hexane/1-propanol (v/v) Water (%, VIV)
experiments had a specific activity of 9.2 Umgof protein

e System 1 47.2/50.8 1-10
(LU corresponds to the amount of enzyme which I|berate§ystemz 53.4/43.4 1-5
1pmol butyric acid per minute at pH 8.0 and 8D using  system 3 55.7/39.7 1-5
tributyrine as substrate). The enzymes were solubilized irsystem 4 71.1/27.7 1-2

0.2 M Tris/HCI buffer, pH 7.5 and stored frozen.‘l'ryptophan In each series the volume ratishexane to 1-propanol is kept constant while

was supplied by BHD biochemicals. 99¢s-parinaric acid  the water content of the prepared microemulsions varied as described in every
[9,11,13,15]cis,trans,trans cis-octadeca-tetraenoic acid (PNA) case.
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2.3. Lipase-catalyzed reactions The excitation wavelength for tryptophan and lipase was 280 nm.
Emission was recorded between 300 and 500 nm. 178
The determination of lipase activity was based on the mea-
surement of the initial rate of lauric acid ester synthesis. Lauri@.6. EPR spectroscopy 179

acid of a fixed concentration of 0.2 M was added to solutions of

n-hexane and 1-propanol. The composition of the systems exam- In order to obtain the desired concentrations of 5-DSA in the

inedis giveninTable 1 The reaction was initiated by the addition »-hexane/1-propanol/water surfactantless microemulsion sys-
ofthe enzyme solution. The reactiontook place &tG0Atfixed  tems tested, 1 ml of each system was added to a tube into
time intervals, samples of 10 each were withdrawn and ana- which the appropriate amounts of 5-DSA had previously been

lyzed by GC. An HP-5 capillary column (30m0.32mm i.d., deposited. This was done by placingdloof a 7.8x 103M  1a

0.25um film thickness) mounted on a Hewlett-Packard (HP)ethanol solution in the tube and by further evaporating the

Model GC-6890 was used for the analyKig]. ethanol[19,20] 186
EPR spectra were recorded at room temperature usings:a
2.4. Steady state fluorescence spectroscopy Bruker ER 200 D spectrometer operating at X-band. Spectsa

were accumulated and treated using the DAT-200 software fer

In order to monitor the steady state fluorescence emissioRC (University of Lubeck). The samples were contained in an k-
spectra, a series of surfactantless microemulsions was prepar248 cell. Typical settings were: center field, 3460 G; scan widtf,
using different hexane to 1-propanol volume ratios that corre100 G; time constant, 0.5 s; scan time, 100 ms; microwave fte-
spond to the monophasic area of the phase diagkagn 7). In  quency, 9.76 GHz; modulation amplitude, 1 G. 103
each case, the aqueous phase of the system was constituted byThe rotational correlation time parametag, can be used to 1o
Tris—HCl buffer pH 7.5 containing the lipase. The measurementgionitor the dynamics of a spin probe and is calculated using the
were made right after the addition of the enzyme. The excitatiofiollowing Eq. (3) [21]: 106
wavelength was 280 nm while the emission wavelength varied 12 12
between 300 and 400 nm. All experiments were carried out af, _ g » 10-10 [(ho> n (ho> B 2] AHos) (3) 1
25°C. The fluorescence emission spectra were monitored using hi1

h_1
a Jobin Yvon-SPEX fluorometer at 26. ) -
Hereh+1, ho andh_4 are the intensities of the low, center anaks
high field peaks of the EPR spectrum, respectively, A 19
is the width of the central line. E@3) is applicable in the fast 20
Energy transfer was examined by measuring the effect Orf)wot|<1r1llreg|on, i.e. forgrotanonal correlation times in the range:
. . . of 107 <1r<3x 10 7s[19]. 202
the concentrations of PNA on lipase fluorescence. To obtain the ' .
) . . Furthermore, from the EPR spectra the hyperfine couplirg
desirable concentrations of PNA, appropriate amounts of stock . .
o constantyy of the spin probe can be calculated as the distange
solutions:n-hexane/1-propanol/PNA anghexane/1-propanol

. ) . . : . between the low and center field peaks at the baseline level. This
were previously mixed. This procedure was carried outin aseries

of microemulsions Table 7 with different volume fractions param_eter reflects the polarity of the immediate environment.af
of the aqueous phase. The concentration of PNA ranged frofe SPin probe. =
0.9x 10-°t0 3.6x 10~°> M. The concentration of the lipase was .

kept constant (% 106 M). The effect of the PNA concentration 2/~ Conductivity measurements 208
on the energy transfer efficiency has been studied for the lipase - . :

as well as for free tryptophan. The energy transfer efficienc The conductivity measurements are carried out with -a
() between the donor—acceptor pair was determined from th etro_hm 644 conductometer. The samples are_preparedzlas
reduction of the donor (tryprophan residues or free tryptophan escribed aboye and the me_asurements are possible d_ue tathe
fluorescence intensity in the presence of different concentratio esence of Tris/HCI buffer in the systems. The experiments

2.5. Fluorescence energy transfer

of acceptor (PNA), as described by Edj) [18]. took place at 28C. The cell constant, was equalto 0.1 cmt.  zs
T—1-— F Q) 3. Results 214
Fo

Fo andF refer to the fluorescence intensity of the donor in3-1- Lipase-catalyzed reactions 2

the absence and presence of acceptor, respectively. drseF

distance can be calculated by &8). In order to study the effect of the aqueous phase volume

fraction on the initial rate of enzymic reactions, a series af
RS ternary systems was prepared with the aqueous contents rang-

= RG 1 /6 () ing from 0.6 to 4.6% Table 1. The enzyme concentration wass

0 2x107°M for RmL and 10.8< 10°M for CaL. The reac- 2o

wherer represents the distance between donor and acceptor atidn studied was the esterification of lauric acid with 1-propanei
Rothe Forster distancf 2], calculated from the spectral overlap, contained as a constituent in all surfactantless microemulsien
J, and the quantum yieldpq, determined independentf§2]. systems. It should be mentioned here, that the consumption.ef
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Table 2 350
Effect of the aqueous phase ratio on the initial rate of Laurie acid propyl ester ~  }— — — — — — — — — — — — —
synthesis catalyzed by Cal and RmL lipases in three surfactantless microemul- 345 4
sions (compositions given ifable )
Aqueous  Candida antarctica Rhizomucor miehei 340 A A
phase (%) lipase lipase A

335 +

System1l System?2 System3 System1l System2 System3 A
=
0.6 80 51 43 49 330 1 A
1.0 20 7 37 /2 £ el
2.0 24 18 20 44 22 22 wt B o o o ©
3.0 40 24 42 71 &% o
3.2 21 83 3204+ A
4.0 66 58
4.6 45 122 315 : f ¥
0 5 10 15 20

The initial rate was expressed @st/min. % aqueous phase

Fig. 2. Effect of the systems aqueous phase volume fraction on the fluores-
1-propanol during this process does not affect the stability ofence emission for RmLA) and CaL (O). The horizontal lines indicate the

the systems. Both enzymes retained their catalytic ability in théuorescence emission of (- —) RmL and (- - -) Cal in aqueous solution.
systems studied and the effect of the aqueous volume fraction

on the reaction’s initial rate is presentedTiable 2 microemulsions was examined by measuring the fluorescence
The initial rate of the enzymatic esterification examined heref lipase in the absence and in the presence of various PNA
not only depends on the enzyme used, but also on the compgoncentrations at constant aqueous phase volume fractions s
sition of the system. For a given system, in the case of Cal, The results showed thatas the concentration of PNA increases
increasing the water content up to 2% the initial rate decreaseghe fluorescence of the lipase decreases. This can be attributed
whereas beyond that value the reaction rate is increased. In the Forster type energy transfer as already shown for systemssin
case of RmL, the initial rate has the tendency to remain unathomogeneous med[&2]. As can be seen iRig. 3, for certain -
fected by the increase of the water content up to the same poiFNA concentrations, the energy transfer efficiency decreases
(2%, vlv, water) and then increases in a similar way. We can alsgpon increase of the water content of the system. This leads
observe that, for a given catalyst, the initial rate of the syntheto the conclusion that the distance between the donor and the
sis is affected by the composition of the system. At low wateracceptor pair becomes longer. 2
content, the enzyme'’s catalytic activity is higher in the system Table 3shows the values of the determined parameters used
with high propanol content (System 1) and much lower in thefor the calculation of the &rster distanceRo, as well as the cal- 2
system with the less propanol (System 3). Furthermore, whegulated donor—acceptor distaneéEq. (2)). As it can be seen, 2
the water content increases above 2% (v/v) a general tendengye distance: within each series of systems examined appears

of the initial rate to increase is observed. to increase slightly upon water content increase, with this incre-
ment being 1A for System 1, 2 for System 2, 3 for System 27
3.2. Steady state fluorescence spectroscopy 3 and 3A for System 4. 278

The emission spectra of CaL and RmL were recorded in a
series of surfactantless microemulsions using different com-
positions. In the case of RmL, we can observe a fluorescence
emission shift to higher wavelengths when the aqueous phase 5,
in the system increases, tending to reach the value obtained

60

(=]
in an aqueous solutiorF{g. 2. However, in the case of CalL = 40
the emission maxima do not vary significantly being close to =
the emission maximum value determined in wakgg(2). The “f 30
horizontal lines correspond to the emission maxima of the two T
lipases recorded in water: 348 nm for RmL and 328 nm for CalL. 20

3.3. Fluorescence energy transfer

A considerable overlap occurring between the absorption 0 5 0 s 20
spectrum of PNA and the emission spectrum of lipase was [cPNAJ/[MmL]

observed (data not shown) suggesting that fluorescence ener
( ) sugg 9 9}5 3. Fluorescence energy transfer efficieriEyfor RmL in the presence of

. . I
t.ranSfer between the pair PNA and tryptophan residues qyarious PNA concentrations in System 4: 71.1/27.7 (uAaexane/1-propanol.
lipase occurg9,10]. The fluorescence energy transfer betweenyater content in the system: 0.6%f; 0.9% (1); 1.2% ©): 1.5% (x).

PNA and the tryptophan residues of the RmL in the presenfLipase]=2x 1076 M; iex =280 nm;rem=300-500 nm.
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Table 3 0.6
Calculation of the donor—acceptor distancé&om the energy transfer efficiency,
T, measured for RmL in three surfactantless microemulsions 05
System  Aqueous g M- lem®) Ro(A) T r (&)

phase (%) 0.4
1 0.6 0.011 1.x101 23 0.616 21 —
1 4.0 0018 1x10%8 25 0.681 22 £ 034
2 0.6 0.012 1.%10°13 25 0.586 24 =
2 3.2 0.015 2.x10°13 26 0.496 26 0.2 [
3 1.0 0.007 1.6x10°13 21 0.468 21 <
3 4.6 0.015 1.3%10°13 24 0.499 24 0.1 3
4 0.6 0.020 1.6c10°13 26 0.447 27
4 1.5 0.029 1.%1013 29 0.453 30 0

T T T T T
Compositions as describedTable 1 0 2 4 6 8 10 12
a Jis the spectral overlagby is the quantum yieldt2]. % water

Fig.5. Variation of the rotational correlation tims, of the 5-DSA as a function
3.4. EPR spectroscopy of water content in the-hexane—1-propanol-water surfactantless microemul-
sion systems,(0)) System 1; [(J) System 2; ¢) System 3 (compositions given

_ _ _ : o) O A > osit
To determine the properties of the interface between th&! 1abe 3. [S-DSAI=7.8x 107> M. An estimation of the error is given by the
orresponding error-bars.

agueous phase and the organic solvent within the surfactantless
microemulsion systems we have applied the EPR spectroscopic .
technigue by using the spin probe 5-DSA. This interface-located < € 2°€S: the spectrum slightly changes as the peaks became

fatty acid probe gives EPR spectra reflecting the mobility of theShorter and wider. The above observation is confirmed by the

probe and the polarity of its environmefit3]. Fig. 4 shows values of the spectral characteristics, naniely, hg, h+1 and 201

the obtained EPR spectra of 5-DSA recordedihexane—1- AHp of Eq. (3). =2
propanol—water ternary System 1 at various water concentr Fig. 5shows the effect of the water content of the Systems 123

tions. As can be observed, when the water content of the Syste?%omposmons shown ifiable J on the rotational time values, z

TR, 0f 5-DSA calculated from Ed3). We can see that as long asss
the water contentincreases, an increase ofgluan be observed 2s6
in all the systems examined. 297

(@) 3.5. Conductivity 298
The conductivities of the four systems examined were mesa-
sured in the presence and absence of enzfiige 6 shows the s
variation of the conductivity as a function of the water content af
the System 1 at 28C. It can be seen that conductivity increases.
upon water content increase and the addition of enzyme degs
not affect this pattern. 304
In Fig. 7 is presented the conductivity of the four systemss
examined as a function of the water content. As can be seen,

70
O
(d) 60
L 50
W .

(b)

()

O o

(e) 30 -

¢O0 O

conductivity uS c¢m-!

0]
20 @

X

4 6 8

3420 3440 3460 3480 3500 3520
Magnetic Field (G) 0

o
) (1 0]
2 X Q0

water volume fraction
Fig. 4. EPR spectra of 5-DSA in ternary Systenmdhexane 47.2/1-propanol

50.8 (v/v), at various water concentrations. Water content (v/v): 0% (a); 1% (b)Fig. 6. Variation of the conductivity of System 1 as a function of water content
4% (c); 7% (d); 10% (e). [5-DSA]=7.8 10> M. in the absenceX() and in the presencey) of RmL.
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70 an effort to be protected from hexaf#9]. When the propanol .
O content increases, the aggregation is reversed as the propasol
molecules can protect the hydrophilic parts of the enzyme stik-
50 4 face from getting in contact with the apolar hexane molecules.
=] The enzyme forms monomers and thus it presents higher cat-
40 4 0 alytic activity. The same mechanism has been also suggested4or
Pseudomonas species lipase in zwitterionic detergent micelleso
30 1 and isopropanol-water mixturg29]. as1
@ Another explanation could be that when the system’s compe-
9 sition is altered, dispersed aqueous aggregates or microdropiets
0 o may occur which affects the enzyme’s behay8#]. In orderto s
clarify if there is a protective water microenvironment aroungs
| the enzyme we investigated whether structural changes in the
2 4 6 8 surfactantless microemulsion systems occur upon variationsof
water volume fraction the components’ quantities. This investigation was carried asit
Fig. 7. Variation of the conductivity of System ©); System 2[); System 3 PY @pplying steady state fluorescence spectroscopy, fluorescence
(0); System 4 &) as a function of water content. energy transfer and EPR techniques. 360
Protein tryptophan residues, which are sensitive to the polai-
the conductivity increases upon water content increase and tligy of their environment, serve as fluorescent spectral probes.
higher content of 1-propanol leads to higher conductivity valueslt has been determined (RCSB Protein Data Bank, code 3TGL
[33]) that RmL contains four tryptophan residues which are rela
4. Discussion tively close to the surfad@4]. Namely, 14.2% of Trp38, 10.6% zss
of Trp223 and 9.7% of Trp5%35] are on the surface of thess
All lipases show a commoa—3 hydrolase fold23] and a  enzyme. Moreover, the residue Trp88 constitutes the central part
catalytic triad, which constitutes the active site. In most casexf the lid [36]. When the enzyme is in the ‘closed’ conformasss
the active site is covered by a helical surface loop or ‘lid’ thattion 15.1% of this residue is on the surfd&] and when the s
makes it inaccessible to substrates. A typical example is thenzyme is in the ‘open’ conformation (as indicated by the cato
molecule of RmL, where the lid is consisted by residues 82—9@ilytic results for the systems studied here) the movement of the
[24]. This structural characteristic is related to the interfacialhelical lid leaves this residue completely expof&d. Fig. 8a s
activation phenomenon shown by RmL. On the other hand, Cakhows the space-filling model of RmL where three of the tryps
lacks interfacial activation probably because of the absence oftaphan residues (Trp38, Trp55 and Trp88) are revealed. Frem
well defined lid, although, a small helix has been suggested tanother projection after rotation around thaxis by 180 itis s
act as ong25]. The catalytic activity of the lipases is strongly possible to visualize the fourth tryptophan (residue 223) thatsis
related to the conformation of the enzyme that allows access tpartly exposed as well. a7
the active site. On the other hand, CaL (RCSB Protein Data Bank, code
Lipids [26,27] surfactant$28,29]and organic solven{80] 1TCA [25]) contains five tryptophan residues but only two ofs
induce a movement of the helical lid, which reveals the activedhem are relatively near the surface, while three are almost com-
site. It has also been proved that propanol not only induces thgletely buried in the interior of the protej84]. Namely, on the sz
open conformation of the enzynj&l], but also stabilizes the surface is 18.1% of Trp155, 12.4% of Trp65 and only 1.7% a&
molecule in this positiorj29,30] Therefore, we can assume Trp104, 0.4% of Trp52 and 0.0% of Trp1136]. Fig. 8 shows s
that the retained catalytic activity of the two lipases studied her¢he space filling model of CaL where three of the tryptophan
can be attributed to the presence of propanol in the surfactantlesssidues (Trp65, Trp104 and Trp155) are partially visualized, &t
microemulsion systems. least to a minimal extend. The other two tryptophans (residugs
As can be seen iTable 2 the catalytic activity of both 52 and 113) cannot be visualized by any projection. 387
enzymes increases only when the water content of the systems The fact that three of the tryptophan residues of CalL a#e
exceeds 2% (v/v). A possible explanation for this behavior camlmost completely buried confirms the observation that this
be attributed to the microenvironment of the enzyme. It seemsnzyme is not sensitive to the microenvironmental changes due
that in low water concentrations the enzyme does not have ao the increase of the water content of the systems, as regasds
aqueous barrier surrounding it and it gets denaturated and thtise low emission maximum observed in water. Moreover, the
the reaction rate is slow. By increasing the water content of théacts that the spectra of this lipase are not red shifted, and that
system, a protective water microenvironment is formed around retains its catalytic activity, lead to the conclusion that the.
the enzyme. From that point and on, water contentincrease leagsotein does not unfold in the systems examined. The protein
to an increase in the reaction rate as well. structure apparently is still in its native form that prevents the
It can also be seen ifable 2that at low water content the fluorophores from being exposed to the environment. Thussa
catalytic activity of both enzymes is higher when the propanoprotective aqueous barrier is formed around the enzyme. s
content increases. A possible explanation may be that when the The behavior of RmL with its tryptophans exposed to the
water and propanol content are low, the enzyme aggregates @nvironment is different. The emission maximum obtained i»
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Fig. 8. Three-dimensional crystal structure of Rfi33] and CaL[25] as produced by the RasM[88] computer program (based on information retrieved from
RCSB Protein Data Bar{B4]). (a) Space-filling model with the RmL tryptophan residues (black sticks) where three of the tryptophans (residues 38, 55 and 88) ce
be seen near the surface (left). By rotation aropsadis by 180 the fourth tryptophan (Trp223) can be seen at the surface as well (right), (b) space-filling model with
the CalL tryptophan residues (black sticks) where three tryptophans (residues 65, 104 and 155) are shown at least to a minimum extend (left) r&tegiomith a
aroundy-axis by 180 the other two tryptophans (Trp52 and Trp113) cannot be visualized (right).

water is quite high, 348 nm, whereas the corresponding valuass tryptophans are exposed and thus the energy transfer fluoigs-
obtained in the ternary systems vary from 320 up to 340 nm¢ence study that followed was applied with this lipase. 430
showing a tendency to red shift as the water content of the As can be seen iffable 3for RmL, the distance: within
system increases. This indicates a higher polarity of the fluoeach series of systems examined appears to increase slighily
rophores microenvironment, which leads to the suggestion afipon water content increase. This indicates the appearance:of
an increase of the water barrier around the enzyme. In ordevater microstructures in the continuous organic solvent phase.
to investigate this eventual water barrier in the fluorophore'However, the distance increase is not as high as it would he
microenvironment, the fluorescence energy transfer techniquexpected for water in oil microemulsion systems in which sphess
has been applied. ical reversed micelles exist. Namely, in classic reverse micellar
Fluorescence energy transfer is primarily a result ofsystems the addition of water leads to swelling of the reverse
dipole—dipole interactions between a donor—acceptor pair anahicellar cores, and thus to higher distancgg439]. 439
depends on the distance between these two molecules whenIn order to further investigate the properties of the interface
located in confined medif2]. The fluorescence emission of around the aqueous phase of these surfactantless microemul-
proteins is due to the aromatic amino acids in their moleculesion systems in the absence of enzyme, an EPR spin probiag
tyrosine, tryptophan and phenylalanine. By excitation of theechnique has been applied, using the 5-DSA fatty acid. This
proteins in 280—-295 nm, the fluorescence is mainly due to thevell-known spin probe is an amphiphile because of its polas
tryptophan residues even at high tyrosine/tryptophan rfitRls  head £COOH) and its hydrophobic (fg) moiety. When it is s
Consequentially, the main role of the donor molecule is playedolubilized in systems with components of different polarity, its
by the tryptophan residug¢®2]. Besides, if the fluorescence of is localized at the interface intercalating within the membrane
the tyrosine could be depicted in the spectra, the quenching eholeculeg13]. Therefore, the obtained EPR spectra can give
the tryptophan emission would have reveal the tyrosine emissioimformation about the mobility of the probe and the polarity ofis
too. Thus, a blue shift of the spectra would have been observeits microenvironmenf40,41] 450
Our experiments did not reveal a blue shift; we can therefore By comparing the spectral shape obtained in the surfactasnt-
conclude that the fluorescence emission of the lipase under thess microemulsion System 1 for several water contétigs §),
experimental conditions is due to the tryptophan residues in itaze can observe spectral modifications indicating that the probe:is
molecule. mobility is decreased as water content increases. A similar
The steady state fluorescence measurements led to the cdrehavior has been also observed in the other series of surfac-
clusion that RmL is a better probe for fluorescence studies amntless systems examined (data not shown). 456
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In order to confirm the above observation, the rotational corb-DSA and by conductivity measurements. It is obvious thus;
relation time ¢r) has been calculated from E) for the that the surfactantless system examined is indeed a water-insgil
Systems series 1-3 (compositions giverTable 1. At higher  microemulsion characterized by the presence of a distinct water
water contents, an increase of thg) values of 5-DSA can be dispersed phase with an interface rich in propanol. Furthermaose,
observedFig. 5 indicating that the mobility of the spin probe itis concluded that surfactantless microemulsion systems canibe
is decreased. The fact that even with small changes in watersed as reaction media for enzymatic biotransformations. These
content of the system the mobility of the spin probe is affectedsystems have the advantage of the absence of the often-harmsful
suggests that the probe is located on the interface of two differesurfactants facilitating the product recovery. 519
media, having its polar head in water and the hydrophobic tale in
the or.ganic solvent. This implies the}t water.cavities are forme%cknowledgment
even in the absence of enzyme. By increasing the water content
of the surfactantless systems more swelled water-rich structures . g Chrysina,
are formed. The interface of these structures is less curved a'ﬁ%emistry,

as a consequence the mobility of the probe’s nitroxide ring i$,cknowledged for her assistance on the protein structure

hindered. - ] ana|ysis_ 524
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