ENZYME and
MICROBIAL
TECHNOLOGY

Enzyme and Microbial Technology 31 (2002) 398-402
www.elsevier.com/locate/enzmictec

Hydrogen evolution and consumption in AOT—isooctane
reverse micelles bipesulfovibrio gigaswydrogenase

Susana L.A. Andrade José J.G. Moura

Departamento de Qmica, Centro de Qunica Fina e Biotecnologia, Faculdade deé@tias e Tecnologia,
Universidade Nova de Lisboa, 2825-114 Monte de Caparica, Portugal

Received 10 July 2001; accepted 6 February 2002

Abstract

The enzyme hydrogenase isolated from the sulphate reducing anaerobic ba@egulfovibrio gigasvas encapsulated in reverse
micelles of AOT—water—isooctane. The enzyme ability to consume molecular hydrogen was studied as a function of the micelle size
(given by W, = [H20]/[organic solvent]). A peak of catalytic activity was obtained 65 = 18, a micelle size theoretically fitting
the heterodimeric hydrogenase molecule. At Wsvalue, the recorded catalytic activity was slightly higher than in a buffer system
(Kcat = 16943 s 1 against the buffer value of 151%. The optimal buffer used to encapsulate the enzyme was found to be imidazole
50 mM, pH 9.0. The molecular hydrogen production activity was also tested in this reverse micelle medium.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction ulate the properties of the molecules: Vg < 9, the water
inside the reverse micelle mainly hydrates the polar heads
Reverse micelles are one of many model systems believedof the surfactant molecules (bound water) and present prop-
to possess properties that closely resemble those found irerties that closely resemble those of the water associated
the biological cellular environmerit,2]. They are defined ~ with a membrane structufg]. As W, increases, free water
as solutions of amphipatic surfactant molecules that separatédegins to appear and bell-shaped catalytic activity peak(s)
and stabilise an aqueous inner core from the outer organicmay occur at the so-called “optimalt, value(s)[9]. In the
solvent in such a way that the surfactant hydrophobic parts case of multimeric enzymes, several “optimél, can be
contact with the apolar bulk solution and the polar groups observed10], associated with the subunit(s) functionality.
are faced towards an inner aqueous core. Although macro-Ultra sedimentation assays concluded these “optividgil
scopically homogeneous and thermodynamically stable,to be related with a geometrical fit between the enzyme
they can possess up to four different microenvironments: the subunit(s) size(s) and the micelle inner radiii$].
hydrocarbon solvent, the surfactant molecules and the bound In this work, Desulfovibrio gigashydrogenase activity
and free water in which any hydrophilic and/or hydrophobic was studied in reverse micelles of sodium bis(2-ethylhexyl)
molecule can partition according to its biochemical prefer- sulfosuccinate (AQOT), in isooctane. The periplasmic locali-
ences[3-5]. Many enzymes have been studied in reverse sation of the enzyme in the bacteria cells, slightly associated
micelles, always keeping or increasing their catalytic activ- with the membrang12], anticipated the interest of using
ity. Interestingly however, the enzymatic activity appears to this system; the bound water characterisfgd 3] closely
be strongly dependent on the reverse micelle size, given byassociated with the surfactant molecules, structurally re-
W, (W, = [H20]/[organic solvent]). A direct relation be- sembling phospholipid molecules and recognised as good
tween the reverse micelle water content and its inner cavity models for biological membranes may provide hydrogenase
core radiusi(n (A) = 4+1.5x W,) was established, allow- a more favourable environment than that of any common
ing microscopic information to be easily experimentally set buffer solution[14]. This 89.5kDa molecular weight en-
[6,7]. Consequently, by varyin§\, it is possible to mod- ~ zyme has an average globular sh§pg] and contains two
different subunit. The small subunit with approximately
"+ Corresponding author. Tek:351-21-2948382; faxt 351-21-2948550. 20 KDa coordinates one [3Fe-4S] and two [4Fe-4S] clusters
E-mail addressjose.moura@dg.fct.unl.pt (S.L.A. Andrade). while the big subunit with about 60 kDa contains the Ni—Fe
URL: http:/Avww.dg.fct.unl.pt/bioin/ active site [12,15] The hydration/membrane proximity
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relationship in the enzyme activity was investigated as a solution was previously exposed to hydrogen gas for about
function of the micelle size following the enzyme ability to 1-2h to reach the enzyme active sigt2,19] The reaction
oxidise hydrogen. The proton reduction activity was also was then started by the addition of enzyme followed by
checked at a fixetl,, matching the theoretically “optimal”  an extra exposition to hydrogen gas for about 1-7 min (at
W, fitting the heterodimeric molecule. constant flow) until a slight blue colour started to appear,
corresponding to the reduced MV formation. The reaction
) progression curve could then be followed using a split beam
2. Materials and methods UV-2101/PC Shimadzu spectrophotometer.

A tangent to the initial linear part of the reaction progres-
sion curve was drawn and initial velocities were calculated
in wmolmy reduced MIN~2 MQhydrogenase *, for every tested
MV concentration. The maximal velocity of the enzymatic

All chemical reagents were of the highest purity available.
AQOT (Sigma) was kept in a dry atmosphere under vacuum
in order to minimise traces of water molecules. All indi-

vidual solutions were previously.degassed undgr argon at- oo tion ¥imax, kM min—1) and the Michaelis—Menten con-
mosphere before used. Methyl viologen (MV) (Sigma) was  gian¢ &, “mM) were then calculated from Lineweaver—Burk
prepared in the appropriate buffer and sodium dithionite |jyoarizations. A minimum least square fit of the experi-
(I\/_Ie.rcl_<) was d'SSOIng n OleT”S_HC| pH.9.0 buffer to mental points using a simple Michaelis—Menten equation
minimise traces of bi(sulphide)l6]. The required anaero- 20] was also used to reconfirm the kinetic results and the

bic atmosphere was achieved by carrying out all preparationcatal tic activit — v hvdrogenase]. §l) was
steps inside an Atmos-bag (Aldrich) cycled with vacuum and deterymined. Y Keat ma/[hydrog 1)

argon gas (previously passed throw a heated copper system

L2 The experimental conditions described above were used
functioning as an oxygen trap).

for the kinetic assays both in buffer and in reverse micelles

N in order to compare the enzyme behaviour in both systems.
2.1. Enzyme purification

2.4. Hydrogen evolution activity in reverse micelles
All purification procedures were performed aerobically of w, = 18

at 4°C in Tris—HCI pH 7.6 buffer, according to methods
described elsewherd7]. The enzyme concentration was The enzyme ability to produce molecular hydrogen was

determined by its absorption intensity at 400 o nm = measured by gas chromatography from solutions of dithion-
46,500 M~ cm~1 [12]). ite reduced MV according to the reactifi]

2
2.2. Preparation of reverse micelles MV +2HT — MV + Ho.

The reaction mixture was prepared and sealed in vials in-
AOT reverse micelles were prepared according to the side the Atmos-bag under anaerobic conditions, as described
injection method[18]. In a typical experiment, an aque- above. To assure that the MV remained reduced inside the
ous volume ¢) was added to the AOT in isooctane solu- vials, some grains of sodium dithionite were added to the
tion, according to the desirefi, by the equationv (ml) = stock solution of 0.1 M AOT in isooctane. After a short in-
([AOT] x V (ml)/1000 x 18 x Wo, whereV is the total vol-  cubation at 37C in a thermostatic bath the reaction was
ume of the AOT solution and 18 the molar volume of water started by the enzyme addition and a fixed volume from the
(molmi~1). Immediately after the aqueous addition(s), the gas phase of the vial was taken with a gas-tight Hamilton
solution was well shaken until transparency (just a few sec- syringe and injected into the gas chromatographer. Peak ar-
onds within the tested conditions). eas were recorded over time and the enzyme specific ac-
Stock solutions of 0.2 M AOT in isooctane, were prepared tivity was calculated using a calibration curve, previously
at least 1 day before use in order to assure solution stability. performed with known amounts of injected hydrogen gas.
The gas chromatograph, a Hewlett-Packard 5890 series Il
2.3. Hydrogen consumption activity was equipped with a thermal conductivity detector (TCD)
and the column used was an 2nX1/8S molecular sieves
The activity assays were performed at room tempera- 5A 100/120. The injector temperature was set to k50
ture (~25°C) under anaerobic atmosphere. The hydrogen the oven temperature to 100 and the detector temperature
consumption was monitored by UV-VIS spectroscopy was 200°C. The carrier gas flow was 20 ml mih,
at 605nm over time, following the parallel reduction of
the electron acceptor, MVeosnm = 13,000 M~ cm™1), 3. Results and discussion
schematised in the equation bel@i2]

Hy + MV2H = 2H' + MV+, 3.1. Hydrogenase encapsulation in AOT reverse micelles

The reaction mixture was directly prepared in a quartz  Fig. 1 shows the UV-VIS spectra of hydrogenase encap-
UV-VIS cell equipped with a rubber cap. The enzyme stock sulated in 0.2 M AOT reverse micelles varyig from 3 to
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0.000 Fig. 2. Initial rates for the hydrogen oxidation reaction with several buffers
250 525 800 and pH values in reverse micelles of 0.2M AOT at fix#8dg, = 20.
Wavelengh (nm) The activity tests conditions for hydrogenase encapsulated with several

different buffers (A—Tris—HCI 20 mM; B—potassium phosphate 20 mM;
Fig. 1. UV-VIS spectra of encapsulated hydrogenase in 0.2M AOT _C—imidazole_ 20 mM; and D—imidazole 50 mM, in the pH values stated
reverse micelles as a function &F, (3-26). Increasing amounts of N the graphic) were always kept constant and the UV-VIS cell had
66.7uM hydrogenase stock solution were added to 1ml of 0.2M AOT 1.5ml 0.2M AOT in isooctane, 46nM hydrogenase and 1.2mM methyl
solution in order to increase the aqueous volume in the solution and con- Viologen.
sequently the micelle sizeéM, = 3 to 26, from bottom to top spectra).
Inset: molar extinction coefficients calculated at 400 nm, considering the

protein concentration increments &%, was varied. The broken line core reverse micelle pH that closely mimic the reported op-
shows the extinction coefficient value reported for a buffer medium

N timal found for an aqueous medium. Regarding the imida-

(8400nm= 46,500 M~ cm ) ' ) -
zole results against Tris—HCI buffer, once more this seems
to be a good buffer to consider in reverse micelle studies,

) ) ) as was demonstrated before using spin labelled reverse mi-
26. It is possible to conclude the protein overall conforma- .qjes (unpublished results).

tion was kept since its spectra remained unchangeable over 14 enzyme specific activityynol min-tmg-1) in this

the tested experimental conditions. Moreover, the enzyme ) sar (50 MM imidazole, pH 9.0) was also confirmed to be
extinction coefficient at 400 nm was found stable at about proportional to the enzyme concentration in the range of 46

1am—1 ; ;

51,000M "cm™%, a value slightly higher than the one re- 1, 95 n\ when encapsulated in 0.2 M AOT reverse micelle
ported in buffer media. The extinction coefficient stability ¢ W, = 18, while MV was kept constant at 2.5mM (data
towards smaller reverse micelles is a clear indication that not shown).,

the absence of free water in favour of the more structured Kinetic assays varying the MV concentration for each
water (hydrating the surfactant molecules), does not signifi- ;asted reverse micelle siz&Vg) were also performed and

cantly affect the protein. It should again be pointed out that 56 hresented iRig. 3 The results confirm that the enzyme

hydrogenase is found in the periplasmibfgigascells and  cqiavtic activity Kea) is kept and, as expected, depends

thus it is not surprising that an environment mimicking the o, the micelle size. The optimal experimental conditions

hlghly structured water close to biological membranes does i ¢qjiow the hydrogen consumption occurredvég — 18.

not highly perturb the enzyme. Moreover, at this point the catalytic activity (169.43is
slightly higher than the one we recorded under the same

3.2. Hydrogen consumption as a function conditions in a buffer medium (1518).

of the micelle size As mentioned before, the micelle inner cavity core radius
(rm) can be directly related d/, by the equationty, (&) =

Fig. 2 shows the hydrogen consumption rates of hydro- 4 4 1.5x W,. Furthermore, the mean protein radiug) Can

genase solubilized in 0.2 M AOT reverse micellesfat= be estimated to its molecular weight valiw, (g mol—1) by

18 under different buffer conditions. From these results it the equationr, (R) = 0.7 x (M;)Y/3[7,25]. Taken together,

is clear that the enzyme is more active in 50 mM imidazole this equations predict for hydrogenase an “optimal” activity

buffer at pH equal to 9.0. In aqueous conditions, on the con- peak atW, ~ 18, in agreement with our results.

trary, the optimal buffer conditions for the hydrogen uptake  Away from the “optimal” mentioned\,, the enzyme ac-

was reported to occur with Tris—HCl at pH 7.5-8Q2]. The tivity is rather low compared to the values found in buffer.

results can be explained considering previous reports indi- For reverse micelles withW, bigger than the “optimal”

cating that the pH inside a reverse micelle can be shifted (W, = 20), the decrease in activity can be mainly ex-

up to two pH units highef23,24]. In this situation the ini- plained by possible pH effects; as the micelle aqueous vol-

tial buffer pH (pH= 9.0) could correspond to an aqueous ume increases with increasiig, the initial buffer pH (found
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200 244pmolmin-mg-1. Although it is obvious the possibil-
ity to follow this reaction in reverse micelles it is also clear
—~ 150 that the specific activity obtained was somehow low with
@ respect to the aqueous activity found in the pure protein
E 100 1 fraction, about 44@.molmin~tmg~1 [26,27]
50 -
0 4. Conclusion

1012 14 16 18 20 22 We demonstrate here that the hydrogenase from the sul-

Fig. 3. Hydrogen consumption kinetic parameters found for hydrogenase Phate reducing bacteria. gigaskeeps its activity towards
encapsulated in 0.2 M AOT reverse micelles as a function of the micelles hydrogen consumption in a system that closely resembles
size W). Catalytic efficiency of hydrogenase in reverse micelles (top) the conditions the enzyme may find in a cell environment.
and the enzyme speciﬁcity towards methyl \_/iolog_e_n (bottom) for the_ As expected no peak of activity for the small subunit was
hydrogen omdatlo_n reacthn, tested at micelle sizes fitting the small subunit detected since this 28 kDa subunit contains the [3Fe—4S] and
(Wo ~ 11), the big subunitW, ~ 16), the heterodimeri, ~ 18) and ] ;
at W, = 20. Assays were always performed with 45nM hydrogenase the [4Fe—4S] electron carriers clusters and not the Ni-Fe
encapsulated in 1.5ml 0.2 M AOT in isooctane in imidazole buffer 50mM active site, where the catalysis of protons or hydrogen is
pH 9.0 and for different concentrations of methyl viologen. Each point thought to occur. The decrease in activity observed for mi-
represent.s a full kihetic assay a}nd _values are re_ported considering thece”eS bigger than the heterodimer size may be related with
overalllmlcellar solutlo_n. Broken line in each grap‘hlc represent_; the value the tendency as the bulk water predominates for the exter-
found in a buffer medium under the same experimental conditions. ! S .

nal pH buffer to resemble the real pH inside the micelles,
thus decreasing the activity as was found in buffer medium
before.

The hydrogen production reaction, only tested Wy =
18, allow us to conclude on the possibility to follow this
reaction in reverse micelles.

The study of this enzyme in the AOT/isooctane reverse
micelle system is the last in a group of studies on the be-
haviour of flavodoxirf28] and aldehyde oxidoreductase (un-
published results) fror®. gigasand cytochromes [29,30]
in reverse micelles. These setsihfgigasproteins were re-
ported to be able to participate in an in vitro electron transfer
chain starting with aldehyde catalysis by the aldehyde ox-
idoreductase enzyme and ending with molecular hydrogen
production by hydrogena$al]. The next step should be the
encapsulation of all these proteins in reverse micelles, con-
sidering their individual behaviour in the previous reverse
micelle studies and observe the electron transfer chain under
these environmental conditions.

optimal for pH= 9.0 with W, = 18 reverse micelles) may
no longer suffer the proposed shift towards lower values but
become closer to the real added pH. As already mentioned,
the hydrogenase activity decreases for pH values away from
pH = 7.5-80 [22].

3.3. Enzymatic hydrogen production

Hydrogen production by the enzyme encapsulated in
reverse micelles was followed by gas chromatography at
Wo = 18, following procedures previously describdd].

In Fig. 4 the hydrogen production assay, for 1.8nM en-
zyme, ~2mM MV reduced with sodium dithionite in a
total volume of 3.0972ml, yielded a specific activity of
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