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ABSTRACT The structure of the melibiose permease from Escherichia coli has been investigated by Fourier transform
infrared spectroscopy, using the purified transporter either in the solubilized state or reconstituted in E. coli lipids. In both
instances, the spectra suggest that the permease secondary structure is dominated by a-helical components (up to 50%) and
contains B-structure (20%) and additional components assigned to turns, 3,4 helix, and nonordered structures (30%). Two
distinct and strong absorption bands are recorded at 1660 and 1653 cm ™, i.e., in the usual range of absorption of helices
of membrane proteins. Moreover, conditions that preserve the transporter functionality (reconstitution in liposomes or
solubilization with dodecyl maltoside) make possible the detection of two separate a-helical bands of comparable intensity.
In contrast, a single intense band, centered at ~1656 cm™", is recorded from the inactive permease in Triton X-100, or a
merged and broader signal is recorded after the solubilized protein is heated in dodecyl maltoside. It is suggested that in the
functional permease, distinct signals at 1660 and 1653 cm™ ' arise from two different populations of a-helical domains.
Furthermore, the sodium- and/or melibiose-induced changes in amide | line shape, and in particular, in the relative amplitudes
of the 1660 and 1653 cm ™ bands, indicate that the secondary structure is modified during the early step of sugar transport.
Finally, the observation that ~80% of the backbone amide protons can be exchanged suggests high conformational flexibility
and/or a large accessibility of the membrane domains to the agueous solvent.

INTRODUCTION

Melibiose permease (MelB) @scherichia colicouples the several aspects of the MelB transport mechanism. Thus it
uphill transport ofa- or B-galactosides to the downhill has been proposed that several acidic residues located in
inward movement of N&, Li*, or H". Although MelB is  membrane domains of the N-terminal half of MelB may
among the best studied transporters of a large family 6f Na form a coordination network involved in ion recognition
solute symporters (Pourcher et al., 1990; Poolman and KorWilson and Wilson, 1992; Hama and Wilson, 1993;
ings, 1993; Reizer et al., 1994), it has become increasinglourcher et al., 1993). It has also been suggested that the
apparent that both static and dynamic structural informatiorsugar-binding site may be preferentially located in the C-
is required to describe how this transporter as well aserminal half of MelB, and the N and C domains may be
hundreds of membrane cotransporters (or symporters) usgose to each other (Wilson and Wilson, 1994; Mus-Veteau
the transmembrane electrochemical potential gradient ot al., 1995; Mus-Veteau and Leblanc, 1996; Cordat et al.,
ions to drive solute transport in living cells. Purification of 1998: Maehrel et al., 1998). These studies also demon-
the 53-kDa hydrophobic membrane transporter encoded bytrated ion-induced cooperative modification of the sugar-
the MelB gene (Yazu et al., 1984) to homogeneity led to theyinding domain. Many of the above-mentioned conclusions
demonstration that it is solely responsible for the ion-cou-re|y on a topological model of MelB consisting of 12
pled sugar transport activity (Pourcher et al., 1995). transmembrane domains and with the N and C termini
Combinations of experimental manipulation of the dif- |ocated in the cytoplasm. This model has received strong
ferent coupling ions and kinetic studies (Pourcher et al.gpport from immunological studies (Bottfield and Wilson,
1990), mutagenesis or chimera constructs, MelB purifica19gg), extensivemelB-phoAfusion analyses (Bottfield et
tion (Pourcher et al., 1995), and fluorescence spectroscopiq 1992: Pourcher et al., 1996), and proteolytic mapping

approaches have been used in the past to obtain insights i”(@wizdek et al., 1997). Neither the-helical nature of the

MelB membrane domains nor their contribution to the co-
substrate-induced conformational change has been docu-
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tion in the overall structure can be derived from an analysig'.4) and then equilibrated for 48 h at 4°C before data collection. When
of the protein absorption due to carbonyl stretching vibra-specified, NaCl and/or sugar was added before sonication, using stock
tion of the peptide backbone (appearing in the amide Foutions prepared in .

band), using resolution enhancement and spectral decom-

position techniques (Byler and Susi, 1986; Surewicz and

Mantsch, 1988; Fabian et al., 1992; Arrondo et al., 1993MelB activity and protein assays

Jackson and Mantsch, 1995). Moreover, the effect of sub-

- . . - ., _MelB activity in proteoliposomes or in the solubilized state was assessed
stituting D for H atoms in the peptide linkage on the amldeby measuring ¢-*H]NPG binding activity (Damiano-Forano et al., 1986).

I sig_nal provides an insight into the accessibility of the tpe protein concentration was assayed according to the method of Lowry
protein backbone to the aqueous solvent. et al. (1951), using serum bovine albumin as the standard.

In the present study, we use FTIR spectroscopy to first
identify the structural components of purified MelB recon-
stituted in proteoliposomes equilibrated in bothCHand
D,0. The secondary structure in MelB proteoliposomes i
then compared to that recorded from active or inactivatediliguots of MelB proteoliposomes<12 mg/ml of protein) in HO buffers
MelB transporters in the solubilized state. Finally, evidencewvere briefly sonicated and placed in GalR cells fitted with 6um tin
suggesting that the interaction of the cosubstratet Atz spacers. Proteoliposomes (13-15 mg/ml protein) equilibrated j® D

. e buffer (pD 7.4) were placed in CaEells fitted with 25um Teflon spacers.
sugar with MelB modifies the Secondary structure of theSolubilized MelB was prepared by concentrating the eluted material to

transporter is presented. obtain a sample containing 10 mg/ml protein in 0.4% DM (w/w) buffer.
FTIR spectra were collected using a Mattson Polaris or a Digilab FTS 6000
spectrometer equipped with an MCT detector, at 2 tmesolution. The

SSample preparation and FTIR spectra acquisition

MATERIALS AND METHODS spectrometer was continuously purged with dry air, and, unless otherwise
A stated, the sample was maintained at 25°C by means of a thermostatted cell
Materials jacket. For each sample, 1000 scans were accumulated, using a sample

shuttle to compensate for residualb® vapor bands, apodized with a
iangle function, and Fourier transformed. The absorption spectra were
btained by digital subtraction of solvent spectra recorded under the same
conditions to obtain a straight baseline between 1950 and 1750.cm

p-Nitrophenyla-b-(6-°*H)galactopyranoside {H] a-NPG) was synthesized
in our department (Laboratoire de Physiologie des Membranes Cellulaires
under the direction of Dr. B. Rousseau. Synthesis of LAPAO ((3-lauryl-
amido)N,N'-(dimethylamino)propylamine oxide) was performed as de-
scribed by Brandolin et al. (1980). Dodecyl maltoside (DM) was obtained
from Boehringer Mannheim, and Ni-NTA resin was from Qiagen. SM-2
Bio-Beads were obtained from Bio-Rad. Tot&kcherichia colilipids .
(acetone/ether precipitated) were purchased from Avanti Polar Lipids.AnalySIs of spectra
High purity grade salts or chemicals (Suprapur; Merck) were used t
prepare nominally N&-free media containing less than 20 mM sodium
salts. All other materials were obtained from commercial sources.

%ourier self-deconvolution was performed using the Kauppinen algorithm
(Kauppinen et al.,, 1981) implemented in the FD program (Spectrum
Square). The deconvolution parameters generally used in the amide region
were a full width at half-height (FWHH) of 14 cnt and ak factor of
2.5-2.7. Thek values were always kept below I&\) as indicated
(Mantsch et al., 1988). A Lorentzian line-shape function and a Bessel

A RecA™ derivative ofE. coliDW2 (DmelDlacZY) (Bottfield and Wilson, apodization function were used. Derivative spectra in the Fourier space
1988) was transformed with pk95DAHB plasmid to overexpress a wild- Weré obtained using the Kauppinen algorithm (Kauppinen et al., 1981),
type His-tagged MelB (Mus-Veteau and Leblanc, 1996). Transformed celld!sing a derivative power of 3 (equivalent to a fourth derivative in the real
were grown at 30°C in 200 L of M9 medium supplemented with appro- spac_e) and_ a t_)reakpomt of 02 The spectra were also processed with the
priate carbon sources and ampicillin (100 mg/ml) at the Centre de FerMaximum likelihood restoration method as described (de Noyer and Dodd,
mentation, Centre National de la Recherche Scientifique (Marseille1991), implemented with the SSRES software (Spectrum Square). Curve
France), and used to prepare inverted membrane vesicles (IMVs), bgttlng was performed with the GRAMS software (Galactic Industries Co.)
means of a French press (American Instrument Co). Purification of the?Ver deconvoluted spectra. The percentages of the different secondary

His-tagged MelB was essentially carried out as described by Pourcher et aitructures were quantified by a least-square iterative curve fitting proce-
(1995). dure implemented in GRAMS software (Galactic Industries Co.), enabling

us to fit Gaussian line shapes to the amide I'oegion of the deconvoluted

spectra. The fit was initialized with the number, and band frequencies were
Preparation of MelB proteoliposomes obtained by self-deconvolution and derivation. For all of the bands, a 5-7

cm ' FWHH and an intensity of about two-thirds of the spectrum intensity
MelB protein (0.5 mg/ml) solubilized in dodecyl maltoside (0.1%, w/v) atthe same frequency were set. During the fit, only the band frequency was
was mixed withE. coli lipids to give a protein-to-lipid ratio of 1:2 (w/w).  restricted to vary by 2-3 ciit from the initial value. The proportion of
Dodecyl maltoside was removed by an overnight adsorption in SM-2particular structures was calculated from the areas of the fitted Gaussian
Bio-Beads at 4°C as described (Rigaud et al., 1988). The proteoliposomdzands divided by the area of all the bands with maxima between 1685 and
were then subjected to repeated freeze/thaw-sonication-wash cycles 620 cni’. For H/D exchange measurements, the percentage of unex-
nominally Na"-free, 0.1 M potassium phosphate buffer (pH 7) to eliminate changed protons was estimated by the ratios of band argaA W®,0/
NaCl from both the external medium and the internal space. For H/D(A,/A)H,O. The areas of amide | of nd amide Il were obtained by
exchange experiments, proteoliposomes were also subjected to repeatiedegration between 1692 and 1600 chand 1568 and 1500 cm,
freeze/thaw-sonication-wash cycles in sugar and-fitae D,O media (pD respectively.

MelB overproduction and purification
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RESULTS account that some unordered structures can also contribute
Band ch terizati £ MelB to the 1653 cm* band (Byler and Susi, 1986; Surewicz and
and characterization ot Ve Mantsch, 1988; Holloway and Mantsch, 1989). The possi-

reconstituted in proteoliposomes ble significance of two different bands assignedtbelical

His-tagged MelB was purified to homogeneity and recon-structures will be dealt with in the Discussion. Among other
stituted in liposomes at a lipid-to-protein ratio of 2 (w/w), individualized bands are those recorded in the region 1669—
equivalent to a ratio of 120 (mol/mol). Measurement of the1685 cni ', which can mainly be assigned to reverse turns
Na'-dependentd->H]NPG binding to the proteoliposomes and those appearing in the region 16401628 trwhich
indicates that at least 70% of the MelB transporters weressentially correspond t8-sheets. In the amide Il region,
active. the major component at 1547 crhconfirms the dominant

The infrared absorbance spectrum of MelB proteolipo-presence ok-helices. Finally, the tyrosine ring band ap-
somes in HO buffer recorded in the 1500—-1800 cm pears at 1516 cm'. It should be mentioned that the decon-
interval is essentially composed of three bands: the lipidvoluted spectrum of the lipid components in the amide
ester G=0 stretching modes centered at 1741 ¢émthe  region does not show any peak that could interfere with the
amide | band at 1657 cnt, and the amide Il band at 1545 protein bands. Thus band quantification or changes in band
cm ! (Fig. 1 a). The spectra were first analyzed by a shapes (see below) are not affected by the lipid bands.
deconvolution method (Fig. i), taking care to use a low  The MelB absorbance spectra were subjected to addi-
bandwidth value, to avoid overdeconvolution. Furthermoretional analysis by two different methods. The first addi-
a k factor well below log (signal/noise) was applied, to tional method was maximum likelihood restoration. This
avoid noise enhancement, which could give rise to artifachonlinear method acknowledges the noise content of the
tual bands (Kauppinen et al., 1981; Mantsch et al., 1988)data and estimates the most probable components of the
As seen, the amide | region is dominated by two majorspectrum by looking for the parent set that maximizes the
bands appearing at 1660 and 1653 ¢mrespectively, probability of the obtained spectrum (Stephenson, 1988; de
which can be assigned mainly te-helices, taking into Noyer and Dodd, 1991). As shown in Figc,ithe maximum
likelihood restoration method further confirmed the shape
and position of the bands revealed by deconvolution. A
second method used was Fourier derivative. As seen in Fig.
1d, the Fourier derivative identifies peaks that show a close
correspondence to those revealed by deconvolution or by
maximum likelihood restoration.

Fig. 2 compares the spectra recorded from MelB proteo-
liposomes equilibrated in $© or D,O buffer. Overall, the
infrared absorption is slightly shifted to lower wavenumbers
after H/D exchange. A major change in absorbance intensity
occurs at the level of the amide Il region due to the shift of
the band from 1550 cm' to the 1460 cm? region. In the
amide I region, bands similar to those described for the
H,O medium are found in both the deconvoluted and de-
rivative spectra of samples in,D. This includes two prin-
cipal peaks at 1660 and 1653 ch which can be assigned
to a-helices (Surewicz and Mantsch, 1988; Holloway and
Mantsch, 1989; Fabian et al., 1992; Arrondo et al., 1993;
Jackson and Mantsch, 1995). This assignment agrees with
that determined in KD buffer. Finally, the comparison of
1800 1750 1700 1850 1600 1550 1500 the amide Il/amide | band intensity ratios in® and DO
indicates that~80% of the H have been exchanged after
48 h in D,O medium.

Absorbance (arbitrary units)
% %

Wavenumber (cm™)

FIGURE 1 FTIR spectra of reconstituted MelB wikh coli lipids (1:2

w/w) suspended in 0.1 M potassium phosphate buffer (pH 7.0) at 28yC. ( Secondary structure quantification
Absorbance spectrumb) Deconvoluted trace, obtained using a bandwidth

at half-height of 14 cm® and an enhancement factor of 2.6). [laximum Fig. 3A shows the amide | deconvoluted spectrum of MelB
likelihood restoration of the absorption spectrum, calculated using a ba”‘broteoliposomes in O buffer along with the best-fitted

width at half-height of 14 cm® and an uncertainty of 0.5%, equivalent to component bands. This spectrum corresponds to a prepara
a signal-to-noise ratio of 200d) Fourier third derivative (equivalent to the p : IS Sp u p prep

fourth derivative in real space) of the absorbance spectrum. The breakpoifton different from that shown in Fig. 1 and as such can
used was 0.2. serve as an indication of variability from sample to sample.
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FIGURE 2 Deconvoluted spectra of reconstituted MelB in the amide
region. [Top tracg Suspended in O buffer pectrum bof Fig. 1).
(Bottom tracg Suspended in BD, 0.1 M potassium phosphate buffer (pD
7.4), at 20°C. The parameters used for deconvolution were the same as in
Fig. 1.

In general, only small differences are apparent between
these spectra, with band analysis revealing a close similarity
in between band positions and areas. On the other hand,
near-total identity is observed between the original decon-
voluted spectrum and the trace resulting from summation of )
the constituent bandsdiscontinuous ling The areas of Wavenumber (cm )
these components relative to the whole amide | area and the
proposed assignments are listed in Table 1. The bands aboUKSURE 3 Amid(_e | deconvolgted spectra and the bes_t—fitted comppnent
1660 Cmfl, assigned to reverse turns, account£dr7% of tl;a(njdz. ﬁ) Reconstituted MelB in EO buffer. ) Reconstituted MelB in
the total signal. The bands at 1660 and 1653 tntorre- 2 Pulier.
sponding mainly tax-helices, amount to 32% and 17% of
the amide | signal, respectively, together accounting forfor that at 1653 cm*), and 13% unordered structures plus
49% of the total signal. Interpretation of the band at 164650me a-helical components (band at 1646 ¢ can be
1647 cm *, which accounts for 12%, is more complex. It calculated. After H/D exchange, disordered structures can
could arise from either ;3 helices (i.e., type IlI3 turns), no longer account for the absorbance in the 1660-1650
open loops, or even strongly H-bonde¢helices (Fabian et cm™* interval (Surewicz et al., 1993). The bands at 1638
al.,, 1992; Arrondo et al., 1993; Surewicz et al., 1993;and 1629 cm® (29%) can be considered a mixture of
Jackson and Mantsch, 1995). Finally, the bands betweefi-sheets, 3, helices, and open loops (Fabian et al., 1992;
1640 and 1628 cit, assigned mainly t@-sheets, account Arrondo et al., 1993; Jackson and Mantsch, 1995).
for 20% of the MelB structure. It has previously been pointed out that quantification of
Table 1 also lists the MelB structure components deducegrotein secondary structure from spectral deconvolution can
from the deconvoluted spectra of MelB proteoliposomes insuffer from several drawbacks (Holloway and Mantsch,
D,O buffer (see Fig. 3B). A decrease in the area of 1989; Arrondo et al., 1993). Although this clearly prevents
component bands located at higher wavenumbers and any precise estimate of the proportion of secondary struc-
corresponding increase in the area of the bands located aire components, spectrum deconvolution gives a trend of
lower wavenumbers can be seen. Thus a quantification dheir relative importance in the protein structure, preserving
~16% reverse turns (bands at 1683, 1678, 1671, and 166jualitative conclusions. It is interesting to note that intro-
cm 1), 42% a-helices (20% for the band at 1660 and 22% duction of the extinction coefficients described by de Jongh

1680 1660 1640 1620
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TABLE 1 Secondary structure composition and assignments of E. coli melibiose permease
H,O D,0O
Wavenumber* Wavenumber*
(cm™) % area* Assignment (cm™) % area* Assignment
1683 17 Rev. turns 1683 16 Rev. turns
1676 1678
1669 1671
1665
1660 49 a, unordered 1660 42 «
1653 1653
1647 12 3, open loopsp 1646 13 Unorderedy
1640 1638 29 B-sheets, 3, open loops
1634 20 B-sheets 1629
1628

*These values were rounded off to the nearest integer.

et al. (1996) in our calculation for the sample ip@®buffer

retains sugar binding activity (Pourcher et al. 1995). The

gives 48%a-helices, 12%8-sheets, 26% reverse turns, and main bands appear now at 1658 and 1651 trthat is, they
14% other structures, a conclusion that does not question there shifted only slightly with respect to the reconstituted

main trends outlined above.

Structure of solubilized MelB

Fig. 4 (op trace shows the amide | spectrum of MelB

MelB in liposomes (see Fig. 1). In addition, other bands
appear at slightly different frequencies, reflecting subtle
conformational changes when the permease is solubilized in
DM. Despite these differences, a native-like secondary
structure is preserved upon solubilization in this detergent.

solubilized in 0.1% DM, a condition in which the permeaseThus the soluble form of MelB has amhelix content of

Absorbance (arbitrary units)

1700 1680 1660 1640 1620 1600
Wavenumber (cm™)

FIGURE 4 Amide | deconvoluted spectra of solubilized MelB in deter-
gent-HO buffer. (Top tracg In 0.1% DM (w/w). Middle trace MelB
proteoliposomes were solubilized with Triton X-100 (1% w/\Boftom
trace) Solubilized MelB in 0.1% DM after 24 h at 40°C. All absorbance

~46% (bands at 1658 and 1651 cthalthough the band at
1651 cm * may contain some unordered structure). Reverse
turns andp-sheets amount te-24% and~20%, respec-
tively. The band at-1645 cm %, which can be ascribed to

a mixture of 3, helices and open loops, accounts for the
remaining 10%.

Solubilization of reconstituted MelB in 1% (w/v) Triton
X-100 (TX-100), which induces a loss of sugar binding, has
a more dramatic effect on the permease structure (Fig. 4,
middle tracg. Thus, as opposed to the douhiehelical
structure seen in the reconstituted and DM-solubilized sam-
ples, the spectrum of MelB in TX-100 contains only one
principal a-helical band at 1656 cit. This band occupies
a position more in the range of standardelices. Despite
these differences, curve-fitting of MelB in TX-100 leads to
similar figures for the secondary content as compared to
MelB in DM or after reconstitution. Thus-46% a-helices
(band at 1656 cm?), 25% reverse turns, 17%-sheets, and
13% assigned globally t@-sheets, 3 helices, and unor-
dered structures were calculated.

Denaturation of MelB can be accomplished by moder-
ately heating (24 h at 40°C) the solubilized protein in DM.
The deconvoluted spectrum (Fig.lhttom trace shows the
presence of two new bands at 1625 and 1695 trithis
result is frequently encountered in the thermal denaturation

spectra were taken at 4°C and were deconvoluted as indicated in the lege®@ Proteins and indicates the formation of intermolecular

to Fig. 1.

B-sheets arising from aggregation (Clark et al., 1981; Pre-
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strelski et al., 1993; Jackson and Mantsch, 1995). The singlproduced by binding of N& alone. In addition, other
a-helical band has shifted to 1656 ¢t the same position changes occurred in the loops and in psheet region.
as in TX-100. The quantification shows a decrease in the

-helical content to~37%, with a clear increase gtsheets
ane oW ' ot DISCUSSION

to ~36%.
The results of the IR spectroscopic analysis of the purified
Mel permease fronk. coli reported above show that MelB
secondary structure is dominated dyhelical components
and is modified upon substrate binding. Moreover, H/D
Previous studies of the intrinsic fluorescence properties oéxchange experiments suggest that most of the MelB struc-
MelB strongly suggest that the conformation of the trans+ture is accessible to the aqueous solvent.
porter changes upon substrate binding (Mus-Veteau et al., Strong absorption in the 1660-1651 chinterval
1995; Mus-Veteau and Leblanc, 1996). The effect of Na (amide | mode) and around 1540 ci(amide Il mode)
and/or melibiose binding to the reconstituted MelB on thedisplayed by membrane proteins is considered to be repre-
FTIR spectra was therefore investigated. As shown in Figsentative of a highx-helical content (Goormaghtigh et al.,
5, both substrates elicited significant changes in the IRL994; Cabiaux et al., 1997). This holds not only for mem-
absorption spectrum, particularly in the bands at 1660 antirane transporters such as the human erythrocyte glucose
1653 cm * assigned tox-helices. Thus N& binding de-  transporter (Chin et al., 1986; Alvarez et al., 1987), the
creases the intensity of the band at 1653 ¢mand also lactose permease &. coli (Le Coutre et al., 1997; Patzlaff
leads to a slight shift of the maia-helical band at 1660 et al., 1998), and the multidrug antiporter (Arkin et al.,
cm ! to lower wavenumbers. Melibiose binding also de-1996), but also for ion or water channels (Mitra et al., 1995;
creases the intensity of the band at 1653 ¢éraomewhat Walz et al., 1995; Cabiaux et al., 1997; Doyle et al., 1998;
and shifts the two main bands slightly. This effect wasLe Coutre et al., 1998; Tatulian et al., 1998). The FTIR
specific for melibiose, as it was not observed when wespectra recorded from the reconstituted and the solubilized
added saccharose, a poor substrate of MelB. ConcomitaiMelB also exhibit this typical pattern. Thus the amide | and
binding of Na~ and melibiose partially reverses the changeamide 1l line shapes of MelB IR absorption spectrum in
proteoliposomes equilibrated in,&® medium are centered
around 1657 and 1545 cm, respectively, and at 1654
T T T T (amide 1) and 1544 cm® (amide 11) after H/D exchange,
A thus showing that MelB contains a large amountieli-
cal structures.

Three independent band-narrowing procedures used
(Fourier derivation, deconvolution, and maximum likeli-
hood restoration) indicate that MelB permease displays ab-
sorption bands at two distinct frequencies in the 1660-1651
cm ! range, wherea-helical components of membrane
proteins usually absorb (Holloway and Mantsch, 1989; Fa-
bian et al., 1992; Arrondo et al., 1993; Surewicz et al., 1993;
Jackson and Mantsch, 1995). These two bands are still
detected after H/D exchange, which suppresses any contri-
bution of unordered structures in this frequency range
(Surewicz et al., 1993).

The two bands account for40% and~60%, respec-
tively, of the a-helical signal. This observation contrasts
with the inspection of the amide | spectrum of other mem-

Conformational changes induced by
substrate binding

Absorbance (arbitrary units)

L L YA brane proteins, including transporters, where only a single
1700 1680 1660 1640 1620 1600 component ok-helix was reported (Alvarez et al., 1987; Le
Wavenumber (cm’™) Coutre et al., 1997). However, it bears some similarity with

the a-helical signal recorded for bacteriorhodopsin, in
FIGURE 5 Effect of substrates on MelB structure, isQHbuffer. Shown ~ which two major bands can be distinguisheg, @nd «, at
are the amide | deconvoluted spectrafoif top to bottoireconstituted 1665 and 1658 Cﬁ]l, respectively; Krimm and Dwivedi,
MelB with E. coli lipids (1:2 w/w) suspended in 0.1 M potassium phos- 1982: Cladera et al., 1992; Torres et al., 1995) Furthermore,
phate buffer (pH 7.0), after incubation with 10 mM NaCl, after incubation . .
with 5 mM melibiose; and after incubation with 10 mM NaCl and 5 mM Tatu“_an et al. (1997) SqueSted the Cf)e_XIStence of two
melibiose. All spectra were taken at 20°C and were deconvoluted ag¢-helical components at 1658 and 1650 cnin the secre-

indicated in the legend to Fig. 1. tory phospholipase Abound to lipid bilayers, the one at
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1658 cm* corresponding to more flexible and more dy- addition of the sodium alone and the smallest after the
namica-helices than standawdhelices. It is thus an attrac- addition of the two substrates. Whether these changes in-
tive possibility that the two absorption bands in the 1660—clude any term reflecting reorientation of the transporter
1650 cm * interval of the MelB spectrum may arise from binding sites across the membrane cannot be stated at the
differenta-helical components coexisting in the structure of present time. In any event, substrate-dependent modifica-
functional transporters. More support for this view is pro-tion of thea-helical signal from MelB is not an unexpected
vided by the observation that these bands can still be iderfinding, in view of previous spectroscopic and biochemical
tified for the functional solubilized MelB, whereas they evidence indicating cooperative adjustment of MelB con-
cannot be observed for the nonfunctional protein in TX-100formation linked to binding of its substrates (Mus-Veteau et
or the denatured and aggregated sample (see Fig. 4). Howt., 1995; Gwizdek et al., 1997; Cordat et al., 1998; Maehrel
ever, we cannot completely discard the possibility that theet al., 1998). Even more so, intrinsic fluorescence studies
two distinct bands arise because of protein-protein interacand fluorescence resonance energy transfer analysis suggest
tions, or result from the mixture of active (70%) and inac-that these changes could arise at the level of helices lining
tive (30%) permease in the samples analyzed. the sugar binding site. One can speculate that the absorption

Together, the twoa-helical populations account for properties of the helical domains bordering the sugar bind-
~50% of the protein structure inJ®, whether the MelB is  ing site change concomitantly, and this raises the interesting
reconstituted in proteoliposomes or solubilized. These perpossibility of substrate-induced interconversioruefielical
centages in KD may contain some contribution from un- signals.
ordered structures, but a minimum amount of 42%elices Finally, MelB permease shows a high susceptibility to
can be estimated from MelB proteoliposomes igO) amide hydrogen exchange similar to that of the human
where unordered structures and helix absorption are narythrocyte glucose transporter or the lactose permease (up
overlapping. Moreover, part of the signal recorded aroundo 80%). This estimation may contain some imprecision due
1647 cm * may be due to 3, helices or even ta-helices  to baseline uncertainty and side-chain absorbance overlap-
(Venyaminov and Kalnin, 1990). Overall, the data suggesping amide | and Il bands, but it shows that a majority of the
that almost half of the MelB structure consistseehelical ~ protein backbone is undergoing H/D exchange. A large
domains, an amount sufficient to build up 12 transmem-amount of H/D exchange may reflect the important confor-
brane segments. This conclusion is fully compatible withmational flexibility of these transporters, which is related to
the proposed topological model of MelB consisting of 12their function as translocators of large hydrophilic sugar
transmembrane-helical segments (Bottfield et al., 1992; substrates (Chin et al., 1986; Alvarez et al., 1987; Le Coutre
Pourcher et al., 1995). Whether the twehelical popula- et al., 1997) or to the presence of water-filled pores or
tions absorbing at either 1660 or 1653 chin proteolipo-  cavities (Tatulian et al., 19981t can be expected that
somes could be assigned to different transmembrane helicahalysis of the influence of MelB substrates on the kinetic
domains or to different parts of given transmembrane doof H/D exchange of the transporter could provide further
mains remains to be established. insight into its tertiary structural properties.

According to our data, the remainder of Mel B structure
could be made up of reverse turns (10%), disordered struc- o B _
ture (7%), and up to 20% g8 domains. Part of the latter We are _grateful to Dr. Joaquim Vlllayerde for_ critical r_eadlng pf the

.Cmanuscnpt and to Raymonde Lemonnier for skillful technical assistance.
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1653 cm ! suggest a possible modification of the MelB
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