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Abstract

The thermal stability of the Aes acetyl esterase flstherichia coli has been investigated by means of differential scanning calorimetry and
circular dichroism measurements. The calorimetric curves show a denaturation temperatur@ fafr@8s and 61C for the single point mutant
VV20D-Aes. The same values are obtained from CD denaturation curves of the two proteins recorded in both the far-UV and near-UV regions. Eve
if the denaturation process is irreversible and characterized by a single calorimetric peak and a single inflection point in both far- and near-UV
CD curves, the overall data indicate that the process is more complex than a two-state transition. This is in line with the presence of two structure
domains in the 3D model of Aes, according to homology modelling. A comparison of the thermal stability of Aes with those of the homologous
thermophilic EST2 and hyperthermophilic AFEST suggests that the optimization of charge—charge interactions should not be so effective in th
case of the mesophilic enzyme.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Escherichia coli is an acetyl-esterase, Aes, of the HSL family
[10,11], prompted us to characterize the stability of this enzyme
Much efforts have been dedicated in our laboratories to thes a mesophilic counterpart of EST2 and AFEST.
characterization of two thermophilic esterases, EST2 fidéin Aes is a cytoplasmatic protein consisting of 319 residues.
cyclobacillus acidocaldarius and AFEST fromArcheoglobus ~ Sequence alignments indicate that Aes is homologous to other
fulgidus [1-4], both belonging to the hormone-sensitive lipase, members of the HSL family. It has a sequence identity of about
HSL family [5]. In particular we investigated the stability of 30% with brefeldine esterase, BFAE, EST2 and AFH$].
EST2 and AFEST toward the denaturing action of urea, guaniHomology modelling, using either the X-ray structure of EST2
dine hydrochloride, GUHCI, trifluoroethanol, TFE and temper-[13] or the X-ray structure of BFAEL4], shows that Aes should
ature[6-9]. The discovery that the product of thenC gene of  possess the canonicald hydrolase fold with a centrgd-sheet
of eight twisted strands surrounded and partially covered by
severab-helical segments. The 3D structure of Aes has notbeen
Abbreviations: Aes, acetylesterase froBycherichia coli; AFEST, esterase determined so far, but prehmmary X-ray data on Aes CryStals
from Archeoglobus fulgidus; BFAE, brefeldine esterase froBucillus subtilis; have been collectefd2,15].
EST2, esterase fromlicyclobacillus acidocaldarius; HSL family, hormone With the aim to perform a comparative analysis with a
sensitive lipase family of the esterase/lipase super-family; CD, circular dichromesophilic member of the HLS family, in a previous study we
Lsr:‘:én'?astg r‘iﬁﬁf?rgg'sS;Zg;”g;j?&?:?:égé Tgul_lf(;tehigc: F;if:ﬂ;”;]&ilgze ('eilq;ig investigated the conformational stability of Aes toward the dena-
trophoresiqs; guﬁCl, guanidin;e hydrochloride); TFE, 2,2p,2-3tlriﬂu)(/)roethar?ol Ctunng a.Ctlon of urea and GUHG‘:I'Q]' The unfolding transition
* Corresponding author. Tel.: +39 081 674255; fax: +39 081 674257. of Aes induced by the two chemical denaturants proved to be
E-mail address: pompea.delvecchio@unina.it (P. Del Vecchio). reversible and more complex than the two-states® transi-
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tion model. This finding was in line with the existence of two whereTy is the temperature corresponding to the maximum of

structural domains in the model of the native structure of AesDSC peak{AC,(Tq)) is the height of the excess heat capacity at

constructed using the crystal structure of BFAE as a template.7q, AqH(7y) is the total denaturation enthalpy change calculated
In the present work, by means of differential scanningby directintegration of the area of the DSC peak &riglthe gas

calorimetry, DSC and circular dichroism, CD, measurementsgonstant. The calorimetric to van't Hoff enthalpy ratio is called

the stability of Aes, and the single point mutant V20D-Aesthe cooperative unit CU; the finding that CU is close to one is a

against temperature has been investigated. The process is irreecessary condition to state that the denaturation is a two-state

versible, but several evidences suggest that the irreversibility isansition[23,24].

not an intrinsic feature of the conformational transition, being

caused by side reactions occurring at high temperature. Thee:3. Circular dichroism

mal denaturation is characterized by a single DSC peak with no

shoulders and CD transition curves with a single inflection point. CD spectra were recorded with a Jasco J-715 spectropo-

This would suggest a strong coupling between the two structurdhrimeter equipped with a Peltier-type temperature control sys-

domains of Aes. Nevertheless the non-coincidence between them (model PTC-348WI). The instrument was calibrated with an

denaturation enthalpy change obtained from the area of DS&queous solution of D-10-(+)-camphorsulfonic acid at 290 nm

peak and those calculated by fitting the CD transition curves if25]. The molar ellipticity per mean residue] [¢ cm? dmol=1),

an indication that the process cannot be described as a two-stat@s calculated from the equation] #[6]ob(mrw) (10-1-C) 1,

transition. where [(opsis the ellipticity ), mrw is the mean residue molec-

ular weight, 113, C is the protein concentration (gm)and

| is the optical path length of the cell (cm). Cells with 0.2 and

1 cm path lengths and protein concentrations of about 0.1 and

1 mgmL-1 were used in the far- and near-UV regions, respec-

tively. CD spectra were recorded with a time constant of 16 s, a

Recombinant Aes and a mutated version, V20D-Aes,2 nm bandwidth and a scan rate of 5 nm miinsignal-averaged

obtained “by chance” during cloning of théaC gene, were over at least five scans, and baseline corrected by subtracting

overexpressed iff. coli and purified as previously described gbuffer spectrum. Thermal denaturation curves were recorded

[17]. The purity of homogeneous preparations was checked by, Ehe tgmperature mode at 222. nm and 270nm, from 25 to
SDS-PAGE and reversed-phase HPLC. Protein samples We(gg C.W'th a scan rate of 1.0Kmirt and analyzed as already
dialyzed against appropriate buffers and concentrated by usin scribeds,7,26].

an Amicon ultrafiltration apparatus for the following analy-

ses. Aes and V20D-Aes were dissolved in a 20 mM sodiun?: Results

phosphate buffer at pH 7.5 and the concentration determined . .

spectrophotometrically using a theoretical, sequence-ha8gd ha:gget:?\r?n?/(eeg?;;?;g%l;cniigﬁgi:‘uljrastggr?;%eg :tmzjovni(lz/leﬁgz

extinction coefficient of 54,500 Mt cm~1 at 280 nm. Protei ; : . i
xanct Ic! em - a nm. Frotein Ef{ate buffer, pH 7.5. The DSC profiles are showhitn 1, while

2. Materials and methods

2.1. Protein purification and sample preparation

solutions for CD and DSC measurements were exhaustivel e far-UV (222 nm) and near-UV (270 nm) transition curves are
dialyzed by using Spectra Por MW 15,000 membranes again oY a
1ayz y using p gal shown inFig. 2for Aes, andrig. 3for V20D-Aes. Unfortunately

buffer solution at 4C. The water used for buffer and sample i I -
solutions was doubly distilled. The pH was measured a5 afull Fhermodynamlq characterization of the Stat.)'".ty ofthe. tWO.
with a Radiometer pHmeter model PHM93. propems is not poss@e because the process is |rreyer5|ble in
the investigated conditions; no DSC peak and sigmoidal curve
are recorded on the second heating. To try to shed light on this
2.2. Differential scanning calorimetry phenomenon several DSC measurements were performed in the
following manner: the thermal cycle consists of a first heating
DSC measurements were carried out on a Setaram Micrastopped near the maximum of the peak; a cooling up to room
DSC instrument, interfaced with a data translation A/D boardemperature; and a complete heating up t6@5Interestingly
for automatic data acquisition. Data analysis is accomplisheghe protein samples subjected to this temperature cycle showed
with in-house program§l9-21]. A scan rate of 1.0Kmint  an aimost complete reversibility (sE&. 1). This indicates that
was chosen for all experiments. The raw data are converted to aRe observed irreversibility is due to side reactions occurring at
apparent heat capacity by correcting for the instrument calibranigh temperature. Aes possesses nine Cys residues, only six of
tion curve and the buffer—buffer scanning curve and by dividingvhich appear engaged in disulfide bridges on the basis of the 3D
each data point by the scan rate and the protein molar concentrigodel obtained by using the X-ray structure of BFAE as tem-
tionin the sample cell. Finally, the excess heat capacity functiorglate[16]. The three free sulfhydryl groups may be involved in
(ACp), is obtained by subtraction of the baseline, given by lineaside reactions at high temperature, in the unfolded chains, pre-
extrapolation of the heat capacity of native s{@®]. The van't  venting the correct refolding of the polypeptide chain on cooling
Hoff enthalpy is calculated by the commonly used fornja®: the solution.
) The parameters obtained from the analysis of DSC
AdgHyn = 4RTy"(ACy(Ta))/ AgH(Ty) (1) curves are: (a) for AesTy=68°C, AqH(Tg)="760kJ mot?
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temperature (°C) Fig. 3. Temperature-induced transition curves of V20D-Aes at pH 7.5, 20 mM

phosphate buffer, determined by recording the molar ellipticity at 222 nm (open
Fig. 1. DSC profiles of Aes and V20D-Aes at pH 7.5, 20 mM phosphate buffercircles) and 270 nm (filled circles).
recorded at a scanning rate of 1 K min Curves are shifted along tieaxis for

illustrative purposes. o . .
Moreover, even though the process is irreversible, the inflec-

tion points of the CD transition curves both in the far-Uv
and near-UV regions correspond to tiig values obtained
from DSC profiles for both Aes and V20D-Aes. This finding
ds a further evidence that the irreversibility is not an intrin-
Sic feature of the conformational transition. On this basis we
performed an analysis of the CD transition curves by means
of the reversible two-state i D model. The results are col-
lected inTable 1. It is evident that, while th&y values are

and A4C, =16 kJKtmol~1; (b) for V20D-Aes, T4=61°C,
AgH(T4)=650kImot? and A¢C,=13kJK Imol™! (see
Table 1). The CU values for both proteins are larger than on
indicating that the process is not a two-state transition.

-8 T T T
68°C for Aes and 61 C for V20D-Aes regardless of the probe
1 40 used, thedyH(Ty) values calculated from CD curves are signif-
icantly lower than those obtained from the area of DSC peaks.
This indicates that the native structure of Aes does not behave
s2)
%
- 60 Q“? Table 1
g . Parameters characterizing the temperature-induced denaturation of Aes and
;,C § V20D-Aes at pH 7.5, 20 mM phosphate buffer
£
S g Probe Ty (°C)  AgH(Ty) AdCp cu
g 80 o (kImolYy  (kIK-1mol 1)
= 3
R =) DSC 68 760 16 1.6
=) ~ Aes Far-Uv CD 68 500 - -
Near-UVCD 68 530 - -
DSC 61 630 13 1.6
-100 ;
XZOD Fa-UVCD 61 450 - -
es Near-UVCD 61 490 - -
0 ' 50 ' 60 ' 20 " 80 Note: CU refers to the cooperative unit given by the calorimetric to van't Hoff

enthalpy ratio. Three independent DSC and CD measurements were performed.
For CD transition curves the parameter values are calculated by non-linear
Fig. 2. Temperature-induced transition curves of Aes at pH 7.5, 20 mM phostegression with respect to aN D transition model, as describ&i7]. Errorsin

phate buffer, determined by recording the molar ellipticity at 222 nm (open?d @amountto 0.5C, while the uncertainties in théq#(7q) andAqC,, estimates
circles) and 270 nm (filled circles). amount to 5% and 10%, respectively, of the numbers quoted in the table.

temperature (°C)
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Fig. 4. Far-UV CD spectra of native Aes (filled circles) recorded at pH 7.5 and

20°C, and thermally denatured Aes (open circles) recorded &€90 Fig. 5. Temperature-induced transition curves of Aes at pH 7.5 in the absence
(squares) and in the presence of 1 M (triangles), and 1.5 M (circles) NaCl, deter-
mined by recording the molar ellipticity at 222 nm.

as a single cooperative domain in the temperature-induced

denaturation process (this statement holds also for the mutant ) . »
V20D-Aes). process is a true conformational transition not really affected by

Another point is the recognition that the denatured statdreversibility; (c) the electrostatic interactions in the denatured
of both Aes and V20D-Aes contains a significant fraction ofState should be responsible of the residual secondary structure

secondary structure. The far-UV CD spectra of Aes atQ0

and 90°C, respectively, at pH 7.5, 20mM phosphate buffer,

are reported irFig. 4 (similar spectra have been recorded for4. Discussion

V20D-Aes; data not shown). Estimation of the secondary struc-

ture content, performed by means of DICHROWEFR,28], Experimental data indicate that the temperature-induced
provides values in line with those determined from the X-denaturation of Aes is not a simple two-state process. The pres-
ray structures of thermophilic ESTRL3], and hyperther- ence of more than a single cooperative domain in the native
mophilic AFEST [29], suggesting that Aes can be consid- structure of Aes is supported by the 3D model obtained by
ered their mesophilic counterpait6]. On the other hand, using the X-ray structure of BFAE as template and reported
the spectrum at 90C indicates the presence of significant in a previous papefl6]. Accordingly, Aes should possess
residual secondary structure in the thermally denatured santhe canonicak/p fold [5] with a centralB-sheet constituted
ples. by eight strands twisted by about Q0surrounded by sev-

In order to clarify this point, thermal transition curves haveeral a-helices. Analysis of the 3D model suggests that the
been recorded in the far-UV region for Aes in the presence oN-terminal part of the chain, approximately the first 50 residues,
1.0M and 1.5M NacCl, in 20 mM phosphate buffer, pH 7.5 (seeforms part of a further domain covering the active site of
Fig. 5). The process is always irreversible, and the denaturatioAes. Such a domain consists afhelical segments and has
temperature of Aes does not change in the presence of 1.0 M atready been identified in the X-ray structures of BFNE]
1.5M NaCl:Ty is always 68 C. However the denatured confor- and AFEST[29]. The existence of two domains in the native
mations populated at high temperature under high salt concentratructure of Aes allowed the rationalization of the urea- and
tions differ markedly from those populated in the absence of sallGuHCI-induced unfolding at 20C of both Aes and V20D-Aes
being characterized by a smaller fraction of residual secondari6].
structure elements (i.e., the molar ellipticity at 222 nm is close On the other hand, the temperature induced denaturation of
to zero). These findings suggest that: (a) the conformational fedoth Aes and V20D-Aes is characterized by: (a) a single DSC
tures of the thermally denatured state of Aes depend on the propeak with no shoulders; (b) CD transition curves with a sin-
erties of the solvent in which it is dissolved; (b) the investigatedgle inflection point in both the far-UV and near-UV regions.
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