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ABSTRACT. High signal-to-noise Fourier transform infrared (FTIR) spectra of the 5-hydroxytryptamine
(serotonin) receptor (5-HR) and the nicotinic acetylcholine receptor (nAChR) were obtained by
microscope FTIR spectroscopy using micrometer-sized, fully hydrated protein films. Because this novel
procedure requires only nanogram quantities of membrane proteins, whietbisrdlers of magnitude

less than the amount of protein typically used for conventional FTIR spectroscopy, it opens the possibility
to access the structure and dynamics of many important mammalian receptor proteins. The secondary
structure of detergent-solubilized 5-ER determined by curve fitting of the amide | band yielded 36%
o-helix, 33% g-strand, 15%3-turn, and 16% nonregular structures, which remained unchanged upon
reconstitution in lipid membranes. From hydrogafeuterium exchange, the secondary structure of the
water-accessible part of 5-HR was determined as 14%-helix, 16%-strand, 26%3-turn, and 14%
nonregular structures. Interestingly, we found that both the overall and the water-accessible nAChR
secondary structures were nearly identical to those of 5R;ITh agreement with predicted structures of

this class of receptors. This is the first time that structural investigations were obtained for two closely
related ligand-gated ion channels under strictly identical experimental conditions.

Membrane proteins represent one-third of the human and infrared spectroscopy delivered important details on the
proteome. They fulfill central biological functions such as structure and dynamics of membrane prote®sX1).
intra- and intercellular transport, nerve conduction, or cellular A few examples underline the importance of such spec-
signaling, to mention a fewlf. In consequence, they are troscopic approaches: (i) Determination of the secondary
important targets for therapeutic compounds. According to structure and water accessibility Btcherichia coliouter
a recent survey, the majority of presently used and future membrane proteins led to reliable predictions of 3D structural
novel medicines target membrane proteins, primarily iono- models long before crystal structures were availah®. (
tropic and G protein-coupled receptoBy.(Despite substan- (i) In the case of transport proteins such as lactose permease
tial efforts, structures of only a few membrane proteins have or Na“,K*-ATPase, important structural and dynamical
been solved to atomic resolution, in contrast to many elements for the transport process were foutH16). (iii)
thousands of water-soluble proteirg).( Central steps in the proton translocation process of bacterio-

Major hurdles for this limited success in structural rhodopsin were elucidated, resolving structural changes of
membrane biology are (i) the lack of purified, functional Single amino acid residued). (iv) For channel proteins
mammalian membrane proteins in sufficient amounts re- Such as aguaporin or acetylcholine receptor, the structure of
quired for NMR spectroscopyd) or for X-ray diffraction the membrane-spanning part was predicteg-20).
(5, 6) or (ii) the resistance of most membrane proteins to  In published reports, infrared spectroscopic investigations
crystallization. Therefore, efforts are made to use other require typically milligrams of protein, which is slightly less
biophysical techniques that require no crystals and lessthan used for X-ray and NMR spectroscopy but still orders
material but deliver information on structure, dynamics, and of magnitude too high to access most of the pharmacologi-
function of the membrane protein of interest. An outstanding cally important mammalian receptor proteins, which are not
example in this context is the work performed primarily by available in these amounts.
Ron Kaback’s group to solve the structure and function of  Here we report on FTIRspectroscopy with nanogram
lactose permease, a prototypic transport protéinA high- quantities of membrane proteins, which is% orders of
resolution structure of this protein was recently obtained, magnitude less than used for conventional FTIR methods.
confirming many structural predictions deduced from the Our novel approach is based on the formation of micrometer-
above-mentioned indirect method).(In particular, Raman  sized, fully hydrated membrane protein samples on IR
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transparent plates and their investigation by a microscopetriangular apodization function. The water content of a
FTIR (uFTIR) spectrometer. We first examined the reliability protein thin film was estimated by comparing the intensities
of our method by determining the secondary structure of of the water and the protein absorption bands at 3408 and

NAChR in native membranes isolated frohorpedo cali-
fornica. For this prototypic ligand-gated ion channel , there
are not only a number of FTIR studies reported in the
literature @1—23) but also a 4 Aresolution 3D protein
structure of the extracellular and transmembrane regifs (
We then proceeded to investigate 54RT a ligand-gated
ion channel protein that is presently available in purified form
only in small gquantities 25). Two different types of
experiments were performed: (i) determination of the overall
protein secondary structure and (ii) measurement of the
spectral changes upon exchangingdtby D,O to probe the
secondary structure of the water-accessible parts of JRHT
and nAChR in both cases for the first time. H/D exchange
FTIR experiments were pioneered by de Jongh et24) (
for water-soluble proteins but never applied to membrane
proteins.

MATERIALS AND METHODS

Materials.CaF, plates (2 mm thick, 13 mm diameter) were
from Korth; asolectin (soybean lipids) and all organic
solvents were from Fluka. Nona(ethylene glycol) mano-
dodecyl ether (GEg) was from Anatrace, while all other
lipids were from Avanti Polar Lipids. Aqueous solutions were
made with 18 M2/cm deionized water (Nanopure, Barnstead
Inc.) or with DO (99.8% purity, Dr. Glaser AG).

Receptor PreparationExpression 27) and purification
(25) of the 5-HT;R protein containing a hexahistidine tag at

1656 cm™. The signal-to-noise ratio was calculated by taking
the ratio between the maximal intensity of the amide | band
and the intensity of the background between 1750 and 2000
cm L.

Overall Protein Secondary Structur@rotein secondary
structure was evaluated by analyzing the amide | region
between 1700 and 1500 cinof protein samples in O
and in DO. Protein spectra corrected for atmospheric and
liquid water were then subject to a resolution enhancement
routine by maximum entropy/bayesian deconvolution using
a Lorentzian peak shape with a full bandwidth at half-height
(fwhh) of 20 cm! (Razortools/6, Spectrum Square). The
amide | band of the deconvoluted spectrum was fitted as a
sum of individual bands by a procedure established by Susi
and Byler @9). Intensities, bandwidths, and frequencies of
the individual bands of the deconvoluted spectra were used
as starting values for fitting the nondeconvoluted spectra by
a linear combination of Gaussian and Lorentzian bands.

Overall H/D Exchange KineticsA transmission cuvette
was constructed that allowed purging the sample with a flow
of D,O-saturated nitrogen. During H/D exchange typically
50 interferograms from protein and from reference were
measured. Spectral changes during H/D exchange were
measured at timé as band area#,(t) between 1700 and
1600 cnr! for the amide | band andy(t) between 1590
and 1503 cm! for the amide Il band. To correct for any
changes in total intensity of the spectra during the H/D

the N-terminus are described elsewhere as indicated. NAChRexchange, intensity ratio% (t)/A (t) were always considered.

rich membranes, a gift from Professor F. Hucho (FU Berlin,
Germany), have been produced as described elsew2@re (
nNAChR was solubilized in detergent {££) according to a
previously published protocol8). Reconstitution of 5-HJR

into lipid bilayers was done as follows: Lipid vesicles were
produced by dissolving 1 mg/mL asolectin in CHCI
followed by evaporation of the solvent. Subsequently, the
lipid film was rehydrated with 1 mL of water and the lipid
suspension was sonicated with a tip sonifier for 2 min. The
vesicle suspension was mixed with detergent-solubilized
5-HT3R at a lipid-to-protein ratio (w/w) of 5 and incubated
for 2 h at 4°C. Finally, G.Es was removed by dialysis
against deionized water by use of a slide-a-lyzer (3500 MW
cutoff, Perstorp).

UFTIR.Infrared transmission spectra were obtained on an
IRscope Il infrared microscope connected to an IFS 28
infrared spectrometer (Bruker AG). If only one protein
sample was investigated, we usually spreadl5of an
aqueous protein solution (0.01 mg/mL) directly on a hydro-
phobic Cak; plate that was then transferred to a desiccator
to evaporate excess water (5 min at 30 mbar by water
aspiration), thus producing a 5Q@m diameter hydrated
protein film. One hundred cycles of 50 single-beam spectra,
each at a nominal resolution of 1 chwere collected for

The fraction of nonexchanged amide bands at tirse
() = Ay (D)/wA(b) 1)

with w = A;(0)/A(0) of the fully hydrated protein before
H/D exchange. Typicallyp adopts values between 0.4 and
0.5.

H/D Exchange of Indidual Secondary Structure§Ve
followed a procedure developed by de Jongh et2f)).(To
obtain the exchange kinetics for each of the four individual
classes of secondary structurashelix, 5-strand 5-turn, and
nonregular structures), amplitudes at different frequencies
of the amide | region were monitored during H/D exchange.
First the isosbestic point of the amide | band for the H/D
exchange of the nonregular structures was determined to be
at 1652 cm? by analyzing the first 10 min of the exchange
kinetics. At this frequency onlya-helical exchange is
obtained. Since the exchange kinetics at 1656%amflects
both a-helices and nonregular structures, thehelical
contribution of exchange kinetics has to be subtracted from
the nonregular exchange kinetics in order to get the exchange
kinetics of the latter. The contribution of the-helical
exchange at 1656 crhis obtained by adjusting the slope of

both sample and reference by use of a computer-controlledthe exchange curve to zero between 100 and 1400 min. The
Xy-stage and then averaged. Residual gaseous as well agxchange kinetics g8-strands was obtained by monitoring

liquid water contributions were removed from the spectra

the amplitude at 1620 cm. Exchange kinetics of-turns

by interactively subtracting absorbance spectra of gaseousvas determined at 1675 cfh At this frequency the

and liquid water acquired previously. Final data were Fourier-
transformed to 4 cmt frequency resolution by use of a

contribution of thep-strand exchange kinetics has to be
subtracted by using the method mentioned above.
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Wavenumber (cm™) The amide | band of detergent-solubilized 54RTin H,O was fitted

. by a sum of Gaussian and Lorentzian bands. (B) Curve fitting the
Ficure 1: FTIR spectra of 5-HJR and nAChR. (A) Transmission ax\ide I band of detergent-solubilized 5-I::R( i?1 D,0. Thisg

IR spectrum of NAChR (solid line, taken from r28) anduFTIR : ;

h spectrum was obtained after deuteration of the sample used for
sple(g.rlym do;nﬁcll?hR (daoslhgq line). (BFTIR SpbeCtra%frgefé%%]t' recording the spectrum shown in panel A. Traces below the fits
solubilized 5-HER recorded in KO (same as aboyeFTIR n . show the residuals in milliabsorbance units (mAU).
spectrum). The spectra are normalized with respect to the amide |

band. Spectral contribution of liquid and atmospherig®Hhave .
been subtracted. (C) Percent difference betweenR spectra of about 5 (1626 cm') to 10 (1651 and 1665 cm) amino
detergent-solubilized 5-HR and nAChR in native membranes acids.
recorded in HO. . . . .
High signal-to-noise ratio (over 1000) FTIR spectra were
RESULTS obtained from minute amounts (50 ng) of receptor. This was
achieved by confining hydrated protein samples to hydro-

General Characteristics of FTIR Spectra of 54Rrand  Philic areas on an otherwise hydrophobic egfate and
NAChR.A uFTIR spectrum of a hydrated film of nAChR measuring them with an infrared microscope repetitively
was superimposed on a conventional transmission spectrunP&tween sample and reference, thus creating very stable
of suspensions of NAChR membranes obtained either by'€cording conditions.

Naumann et al.Z3) or in our laboratory. The spectra almost By comparing the intensities of® (3408 cn*) and the
perfectly overlap (Figure 1A). This demonstrates that the amide | and Il bands of receptor preparations, the weight
secondary structure of NAChR in a hydrated film is identical ratio of water/protein was determined to be 1/2 or higher
to that in the original membrane suspension and also thatwhich is sufficient to preserve the functional integrity of the
spectra obtained by conventional FTIR spectroscopy usingreceptors 30, 31).

tens of milligrams of protein and hyFTIR using 50 ng of Secondary Structure of 5-HR and nAChRDeconvolu-
protein are identical. tion of the amide | and'lbands identified seven to eight

uFTIR spectra of detergent-solubilized 5-#Rr and of ~ bands for both 5-HJR and nAChR (Figure 2, Table 1). A
NACHR in lipid membranes from different sample prepara- band characteristic af-helices appeared at 1658 chfor
tions were compared and showed high reproducibility. The NAChR and at 1656 cni for 5-HT3R. In D;O the a-helix
difference between 5-HR and nAChR amide | spectra band is slightly shifted to 1653 cmfor both proteins. The
(Figure 1C) deviates at no frequency more than 5%, band at 1642 cm observed in deuterated samples of both
corroborating the similarity of the structure of both proteins. 5-HTsR and nAChR was assigned to nonregular structures
The positive band at 1688 crhis most probably due to side-  (9)- Other bands found near 1683, 1692, and below 1640
chain absorption of Asn, Arg, and GIn which is higher for €M * were assigned t6-strands, while those found between
5-HT3R than for NAChR. The band at 1651 chindicates 1682 and 1660 cnt were assigned to bendlike and turnlike
changes in the-helix structures. The small negative bands Structures.
at 1665 and 1626 cm might correspond to a decrease in The estimated secondary structure of 53RTonsists of
pB-turns andg-strands, respectively. Considering that one 36%a-helix, 33%4-strand, 15%#-turn, and 16% nonregular
receptor subunit comprises about 500 amino acids, thestructures (Table 2). No significant differences were observed
percent changes of the secondary structure correspond tavhen 5-HER was reconstituted in asolectin membranes, a
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40+

1693/1690 4/4  p-strand 1682/1682 2/3  f-strand
1683/1682 5/5 p-strand  1673/1674 5/4  [-turn
1673/1675 9/5  p-turn 1663/1669 8/8  B-turn
1666/1668 7/6 p-turn 1653/1653  33/36 o-helix 0 .
1656/1658 36/35 a-helix  1642/1642 16/14 nonregular o 400 800 1200
1645/1644 18/20 nonregular 1632/1631  29/3(-strand Exchange Time (min)
1636/1632 21/25 fp-strand  1623/1621 7/5  f-strand o ) .
a — - — - Ficure 3: H/D exchange kinetics of different 5-HR preparations
5-HT:R was solubilized in GEs; NAChR was solubilized in native  py/,FT|R. Measured are intensity ratios of amide Il/amide | bands
membranes. The amide | {8) and the amide’(D:O) bands were  according to eq 1: @) 5-HTsR reconstituted in asolectin mem-
fitted by a linear combination of Gaussian and Lorentzian bands. Shown branes; £) 5-HT4R solubilized in detergent @E,. Exchange curves
are the position (wavenumbers), abundance as a percentage of totalyere fitted with a double-exponential function. Acquisition of the
and secondary structure assignment of each decomposed band. first 20 spectra was carried out accumulating 50 scans, followed
by 5 spectra acquired every hour using 500 scans. The last spectrum
was recorded accumulating 1000 scans.

20

Table 1: Secondary Structure of 5-fR and nAChR from Analysis @ 100
of the Amide | and 'l Band$ g 20
H20 (5-HT:R/nAChR) DO (5-HT;R/NAChR) <

[0
position abundance assign- position abundance assign- g 607
(cm™) (%) ment (cm™) (%) ment 5

x

=

X

Table 2: Secondary Structure of Different Preparations of 3RHT
and nAChR Determined from Analysis of the Amide | and |

Bands @ 1001

S

secondary structure (%) g 80
a-helix g-strand p-turn  nonregular 2 60

2 604
total 5-HT;R? 36+5 33+7 15+8 16+7 S
total 5-HT;R® 33+4 37+8 17+6 13+8 S 404
water-accessible 5-HR? 14 16 26 14 3
total NAChR 344+6 37+5 14+5 15+6 5 204
total NAChR 37+7 37+4 1247 1445 i
water-accessible NACHR 16 17 14 14 o4

T T I T I T T T I
2 Average of 4 measurements (2 in®land 2 in RO). ® Solubilized 0 400 800 1200 1600

in C12E detergent® Reconstituted in asolectin membran&Solubilized Exchange Time (min)

in Ci2Ey detergent, after 24 h of H/D exchange. Only one measurement.
¢ Native membraned Native membranes, after 24 h of H/D exchange.
Only one measurement.

Ficure 4. H/D exchange kinetics of different NnAChR prepara-
tions: (©) native nAChR membranesa] detergent-solubilized
nAChR. Exchange curves were fitted with a biexponential function.
Recording conditions were as described for Figure 3.

lipid mixture that has been used for reconstitution of many

membrane proteins3p). Table 3: Kinetics of H/D Exchange of 5-HR and nAChR
UFTIR spectra of nAChR preparations in native mem- 5-HTsR nAChR

branes and solubilized in the detergeniEs were also inasolectin  inGEy  in native membranes  inigEs

_supjgcted to curve fitting. Frequgnmes anq intensities of the A 38+ 10 31+ 2 4t 1 214 2

individually resolved bands and in turn estimated secondary ¢, (min) 262+ 130 119+ 13 227+ 20 644+ 11

structures correspond very well with those found for 5RIT A 49+ 9 37+2 32+1 37+2

(Table 2). 72(min)  17+8 4+1 6+1 3+1
As 13+ 4 32+£2 4441 4241

H/D Exchange of 5-HIR and nAChRThe water acces-
sibility of the proteins was investigated by measuring the
H/D exchange of the amide bands of (i) 5-4RTsolubilized
in detergent and reconstituted in lipid membranes and (ii)
nAchR in native membranes and solubilized in detergent. Water-accessible part of 5-HR 14%a-helix, 16%p-strand,

In all cases the kinetics of appearance of the amideaihd ~ 26% f-turn, and 14% nonregular structures.
can be described by a double-exponential function (Figures (i) nAChR in Natie MembranesThe H/D exchange
3 and 4). kinetics of the four secondary structure classes (Figure 6 of

As a general result of a detailed analysis of the H/D Supporting Information) are similar to those of 54T The
exchange kinetics, summarized in Table 3, detergent- Water-accessible part of NAChR comprises 16%elix, 17%
solubilized receptors exchange 4 (54%J to 3 (NAChR) p-strand, 14%3-turn, and 14% nonregular structures.
times faster than membrane-inserted ones.

Secondary structures of water-accessible parts of 3FRHT DISCUSSION
and nAChRcan be resolved from the H/D exchange kinetics  Secondary Structure of nAChR and 5:RTThe secondary
by the procedure of de Jongh et &6]. structures of 5-HIR and nAChR as determined from amide

(i) Detergent-Solubilized 5-HIR. The time course of each | band analysis are very similar, which is in agreement with
of the IR-distinguishable secondary structure class was fittedtheir common features: (i) Both are members of the same
by a biexponential function (Figure 5). Taking into account ligand-gated ion channel family38, 34). (ii) They share
that 30% of the hydrogens are exchange-resistant, thecommon structural features: an extracellular N-terminal
intensity changes at particular frequencies yielded for the domain of about 220 amino acids, four predicted hydrophobic

aChanges of the normalized amide I/amide Il intensity raki}p
were fitted byx(t) = A1 exp/t) + Az expt/tz) + As.
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and in membranes2b, 40, 41). Considering all the H/D

"E 1.00 E

§ 1.0 § exchange measurements performed with NAChR and RHT
2095 | og = a clear pattern emerges that the fast and intermediate
|4 o8 exchange time constants are higher for receptors incorporated
% 0.90 —06 G in native membranes than in detergent.

£ 04 £ H/D Exchange Kinetics of Secondary Structuieschange

£ £

308 —02 8 kinetics of the different secondary structure classes can be
‘s E resolved, yielding in turn the average secondary structure
€ 0.80 —00 E ’ .

S T T T T T 1 S of the water-accessible parts of the receptors. For both
i 0 EX;?;” o rfs((’min) 1200 i receptors there exists a population of amide hydrogens that
€ 10 9 10 E are completely resistant to H/D exchange. It is reasonable
& B ' 2 to assume that this exchange-resistant part stems mainly from
209 —038 ) a-helices angb-strands, sincg-turns and nonregular features

) L 06 2 are known to exchange very rapidl26). H/D exchange

£ 0.8 g experiments indicate that the exchange-resistant domains of
£ 04 5 the 5-HT;R and the nAChR correspond to-246% a-helix

£o7 —02 & and 16-17% S3-strand of the overall secondary structure of

£ = al g0 € 5-HT:R and nAChR. As discussed earlier, the transmembrane
SOt 3 helices of nAChR correspond to about 20% of the overall

0 400 800 1200 structure. It is tempting to assign the water-inaccessible
Exchange Time (min) a-helices to the transmembrane helices. Of the remaining
FllGURE S: Hf/ E()j exchange kling}!cs é)fsink(:;\r/igualdsecondﬁry structure water-accessible 20%-helices, 15% might be shared among
elements of detergent-solubilized 5-pR. Band intensities were ) : : :
monitored at (A) 1652 crrt (a-helices0), 1656 cnt? (nonregular thede;(gacl:_ellulir N termr:nal d(l)m_ﬁ;n and ;}he mtr_ace."mar ki%po/
structures ), (B) 1620 cnt (B-strands,0), or 1675 cmt (- an 6 line the ion channel. The exchange-resistant 6
turns,A) and plotted as a function of exchange time #®DKinetic p-strands (out of total 35%) indicate high resistance to
data fitted by a biexponential function yielded slow time constants solvent accessibility, suggesting that they are located in the

in decreasing orderzy(helix) = 243 + 50 min, z,(f-strand)= hydrophobic core of the N-terminal ligand binding domain
190 £+ 30 min, 7y(nonregular}= 20 &+ 5 min, andzy(8-turn) = 2 (39

4+ 2 min. The fast time constant was between 1 and 2 min for

Il .
all secondary structures CONCLUSIONS

From the large class of nAChR-like ligand-gated ion
channels, until now extensive structural data exist only for
NAChR. To our knowledge, we have here for the first time
investigated, under strictly identical experimental conditions,
prototypic ligand-gated ion channels of the Cys-loop family
cytoplasmic part, which is predicted to consist of two and have demonstrated that they adopt ne_arly identical
amphipathic heliées connected by a lo@8)( secondary structures both for the overall protein and for the

Taken together, the presented structural information yields water-aci:_e55|tbr:et p;artsi_ Th'”S stlr onglly p?'?tz towarg the
a consensus secondary structure for both receptors of 31odresumption hat functionally closely related membrane
o-helix, 33%g-strand, and 36% turit+ nonregular features, proteins share also close s'Fruc.t.uraI.relat|onsh|ps desp|t_e large
which corresponds reasonably well with secondary structure @MN° acid sequence Va”ab'“tY’ in analogy to functhnal
derived from our infrared data for 5-HR and for nAChR. classes of water-soluble proteins such as the globin or

antibody structures. The high signal-to-noise ratio spectra

The structural comparison between the two receptors per- ; .
P P P were obtained from minute amounts (50 thg) membrane

formed in this paper is highly reliable because our results proteins in the form of hydrated protein films investigated

were obtained under strictly identical experimental condi- ith an infrared mi Taking int ideration that
tions. This is important to note because secondary structureg"'t @ninirared microscope. taking into consideration tha

of ligand-gated ion channels reported from different labo- ﬁyplcatl fxfrfsii'on rqubar;\tllvtlesns%zje(i%r?bma?trr;1en|1|brane
ratories vary considerably (see Table 4 in Supporting eceplor proteins aré betwee ecepto OS cell, a
Information). 250 mL cell suspension culture, even at only 10% purifica-

Nevertheless, the slight but reproducible differences tion yield, will deliver sufﬂment me_mbrane proteins to
between the FTIR spectra of 5-kF and nAChR seen in perform several FTIR experiments. This opens the possibility

Figure 1C also demonstrate that conformational differences©_access the structure ar_1d dynar_mcs .Of many important
in the order of 5-10 amino acids per receptor subunit are r_nammahan rgceptqr protems. Obvious interesting appllca—
measurable. A detailed analysis of mutant receptor proteins“onS Sre the m;/e_sngatuc()jr}fof thte fstruct:_turelarld tdynzla_m|csaof
might help in the future to localize the structural differences membrane proteins at difierent functional sta es_('gafﬁ
within the corresponding protein sequence. receptor and proteinprotein interactions), comparing dif-
Influence of Enironment on Secondary Structure and H/D
ExchangeResults obtained from membrane-integrated and  * The diameter of the hydrated receptor protein film (about/&®)

_ i _ ; on the Cak support can be reduced by at least a factor of 3 to match
detergent-solubilized nAChR and 5-6H preparations are the aperture of typical IR microscopes (about 168) by use of a

in line with previous studies showing that the secondary picoliter dispenser. Thus, it is a reasonable expectation to yield high-
structure of membrane proteins is often similar in detergent quality FTIR spectra from less than 5 ng of receptor proteins.

transmembrane helice2Q, 35—37), a large hydrophilic

cytoplasmic domain, and a very short extracellular carboxyl
terminus. (iii) The extracellular N-terminal domains of both
5-HT;R and nAChR are predicted to comprise mainly
pB-strands 88). The fewest data are available for the
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ferent mutant proteins to elucidate the functional role of
distinct regions in the protein, as well as screening for
optimal conditions during detergent solubilization, purifica-
tion, reconstitution, and crystallization which is a prerequisite
for successful structural determination at atomic resolution.
The micrometer-sized samples used allow one to produce
and investigate microarrays of receptor proteins.

ACKNOWLEDGMENT

We thank Professor Ferdinand Hucho for the nAChR
membrane preparations.

SUPPORTING INFORMATION AVAILABLE

H/D exchange kinetics of the four secondary structure
classes for nAChR in native membranes (Figure 6) and
variation in secondary structures of ligand-gated ion channels
reported from different laboratories (Table 4). This informa-
tion is available free of charge via the Internet at http:/
pubs.acs.org.
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