11050 Biochemistry2000, 39, 11050-11056
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ABSTRACT. More than 30% of all proteins in the living cell are membrane proteins; most of them occur

in the native membranes only in very low amounts, which hinders their functional and structural
investigation. Here we describe the in vitro reconstitution of overexpressed Outer Envelope Protein 16
(OEP16) from pea chloroplasts, a cation-selective channel, which has been purifieé. frotiinclusion

bodies. Reconstitution in detergent micelles was monitored by CD and fluorescence spectroscopy. Electron
microscopy showed a homogeneous size distribution of the reconstituted protein, and differential scanning
calorimetry gave an estimate of the enthalpy of protein folding. First protein crystals were obtained that
have to be further refined for X-ray structural analysis. The described methods of membrane protein
reconstitution and biophysical analysis might prove helpful in the study of other membrane proteins.

Chloroplasts are the locus of a wide variety of important sites that influence the selectivity of the diffusion process
biosynthetic pathways in plant cells. The products of these (like LamB from E. coli) (8), and ligand-gated pores, e.g.,
pathways, mainly carbohydrates from photosynthesis, mustE. coliferric enterobactin channels (FePA) providing energy-
be exported into the cell cytosol, and there is a steady dependent uptake of iron into bacter®.(

exchange of other solutes between the chloroplast and the Four channel proteins have been identified and functionally
cytosol as well. This solute exchange is mediated across thecharacterized in pea chloroplast outer membranes so far.
inner chloroplast membrane by specific transport proteins, Besides the preprotein conducting channel originating from
like the dicarboxylic acid translocator, the hexose phosphate a prokaryotic ancesto.(, 11), three distinct solute channels
translocator, or the triosephosphate/phosphate translocatohave been discovered and characterized. They were named
(1) In older textbooks, the outer chloroplast membrane was according to their molecular Weight as OEPIBEP21, and

described as completely permeable for solutes of up to 10 0000EP24 @, 3, 19. In pea root plastids, a protein of the porin
Da. In contrast, recent publications show the existence oftype has been identified that is not present in green

highly specialized transport proteing,(3). It remains chloroplasts 13).

unknown how the transport of solutes across this outer The channel characteristics of the OEP24 protein closely
membrane is regulated. _ _ _ resemble those described for general diffusion pores. Al-
The ancestral relation of plastids with Gram-negative yq,,91 slightly cation selective, the channel allows the
bacteria and mitochondriad) suggests the presence of passage of triose phosphates, ATP;, RRarboxylic acid,
multiple channel proteins in the chloroplast outer membrane. 5,4 positively or negatively charged amino acids in a

In mitochondria, several single anion selective channels of .o nstituted systen?). OEP21 has been shown to form an
high conductance have been discovered, character®)ed (- gpnion channel which is regulated by ATP and triosephos-

and crystallized for low-resolution structural analy€s (n phates from the intramembrane spa8g OEP16, on the
Gram-negative bacteria, different types of high-conductance yher hand, forms a cation-selective high-conductance chan-
channels have been found in the outer membrane, which can,g| ith a remarkable selectivity for amino acids and amines

be classified into porins [rather unspecific diffusion pores, (12). Moreover, OEP16 shows homologies to LivH, an amino
e.g., OmpF fronk. coli (7)], porin-like channels with specific  4.iq transportér ifE. coli (14), ’

t This work was supported by Deutsche Forschungsgemeinschaft | N€ amino acid sequence of OEP16 suggests the existence

Grant Fr920/3-2. of transmembranex-helices as well as transmembrane
*To whom correspondence should be addressed at Max Volmer
Institut fur Biophysikalische Chemie und Biochemie, Technische
Universitd Berlin, Strasse des 17, Juni 135, D-10623 Berlin, Germany. 1 Abbreviations: G;Es, octaethyleneglycol mono-dodecy! ether;
Phone: +49 30 31426403. Fax:+49 30 31421122. E-mail fromme@  [-DM, n-dodecylf-p-maltoside; SB12,n-dodecyIN,N-dimethyl-3-

phosisl.chem.tu-berlin.de. ammoniopropanesulfonate; O@pctyl-3-p-glucopyranoside; OEP16,
* Technische UniversitaBerlin. outer envelope protein of chloroplasts (16 kDa); kDa, kilodalton(s);
§ Fritz-Haber-Institut der Max-Planck-Gesellschatft. CD, circular dichroism; TEM, transmission electron microscopy; MPD,
'Universitd Kiel. 2-methyl-2,4-pentanediol; PEG, poly(ethylene glycol); CMC, critical
U Freie UniversitaBerlin. micellar concentration; DMPC, dimyristoylphosphatidylcholine.

10.1021/bi001034m CCC: $19.00 © 2000 American Chemical Society
Published on Web 08/12/2000



Reconstitution of OEP16 for Structural Analysis Biochemistry, Vol. 39, No. 36, 20001051

pB-sheet structuresl). Thus, there is no structural resem- s/nm. Five scans were taken for each sample, and the average
blance of OEP16 to other membrane pores that have beerof these scans was stored for further analysis. Blanks of the
successfully crystallized (for high-resolution analysis) so far. respective protein-free samples (only buffer with detergent)
Here we describe the in vitro reconstitution of recombinant showed no CD activity. The protein concentration was 0.3
pea OEP16 fronE. coli inclusion bodies using different mg/mL.
detergents. Large amounts of correctly folded protein are (b) Tryptophan Fluorescence Measuremeiiityptophan
essential for extensive structural and functional studies. Thefluorescence was measured in 10 mm pathway cells in a
described methods of reconstitution and characterization Shimadzu Fluorescence Spectrophotometer at an excitation
might help in the structural analysis of receptor proteins and wavelength of 280 nm. Emission spectra were taken from
other membrane proteins that occur only in very low amounts 290 to 500 nm. The bandwidth was 5 nm for excitation as

in vivo. well as emission. Punetryptophan was dissolved in alcohols
of different chain lengths at a concentration ef3.ug/mL
EXPERIMENTAL PROCEDURES and measured with the same parameters to estimate the

hydrophobicity (polarity of the microenvironment) of the

tryptophan residues in OEP16. The protein concentration was
0.03 mg/mL. For measurements in liposomes, the difference
spectra of OEP16-liposomes against protein-free liposome
preparations had to be recorded because of the high

e 4 Afluorescence background of the lipid preparations. For
were made by Pharmacia Biotech (Freiburg, Germany). measurements in liposomes, protein concentrations ranged

Purification of Recombinant OEP1€. coli inclusion from 0.3 to 0.5 mg/mL.
bodle_s containing denatured OEP16 were obta_uned aS (c) Differential Scanning Calorimetry Measurements
described12), except that 80 mM MEGA-9 was used instead  pifterential scanning calorimetry (DSC) experiments of
of Triton X-100 in the washing procedures. OEP16 was ogpig in different detergent buffers were performed in a
isolated in an unfolded state. The whole isolation procedure \si-rocal MC-2 instrument (MicroCal, Northampton, MA)
was performed at room temperature in the presence of 10, protein concentrations of 0.55 mg/mL in 20 mM Hepes
mM mercaptoethanol @6 M urea in order to inhibit 1, fer of pH 7.6 between 20 and 9€ at a scan rate of 30
disulfide bonc_J formation and to keep the protein um_‘c_JIded. °C/h. The heat capacitg, (J/K), was measured as a function
Th_e salt gradient 0f9250_mM NaCl was slightly modified ¢ temperature °C). C, was converted to the molar heat
to improve peak separation. _ capacity Com (kJ mol2 K~1), accounting for the cell volume
Reconstitution of Recombinant OEP16. (a) In Liposames (v = 1.2249 mL) and the sample concentration. Phase
The reconstitution in liposomes was performed as a control yransition temperatured;, (°C), of OEP16 were obtained
for the quality and functional integrity of the protein from DSC curves after baseline subtraction at the maximum
preparation. Purified phosphatidylcholine (from soybean, mojar heat capacitC,m. The area under the DSC curve
Type S IV, Sigma) or DMPC and 80 mM MEGA-9 were  ¢orresponds to the molar enthalpy changylc, (kJ/mol),
added to the purified OEP16 6 M urea, and the suspension  for the phase transition.
was sonicated and dialyzedrfd h atroom temperature (d) Transmission Electron Microscopy (TEM.droplet
against a buffer containing 10 mM Hepes/KOH (pH 7.6) in (5 1) of the protein solution was placed on hydrophilized
a dialysis tube with a pore width of 3500 Da (Spectrum). carhon-filmed grids (60 s plasma treatmen8aN using a
The reconstituted liposomes were used for single-conduc-gaL TEC MED 020 device), the excess fluid was blotted
tance and turbidimetric investigation, done in cooperation yff and the sample was air-dried. A droplet of phospho-
with R. Wagner, Osnabok, Germany. The liposomes were  yngstic acid (2% w/v, pH 7.0) was then added for 45 s and
also used as controls in CD and fluorescence spectroscopyggain removed by blotting. The dried sample was inserted
(b) In Detergent MicellesThree different procedures were  jnto a Philips CM12 TEM and imaged at a primary
tested for the direct reconstitution of the OEP16 protein in magnification of 58308 respectively using the microscopes
detergent micelles: reconstitution of the protein by dilution |ow-dose protocol to avoid unnecessary irradiation.
in detergent-rich buffer, reconstitution of the protein by gel  Crystallization Experiments first screening of possible
filtration, and reconstitution by dialysis. crystallization conditions was performed using OEP16
The best results were obtained using the following reconstituted in the presence of the detergepESL The
reconstitution protocol: 0.3 mg/mL OEP166 M urea, 20 protein solution was brought into the super-saturated state
mM Hepes/KOH, pH 7.6, 100 mM NaCl, and 10 mM by vapor diffusion using the method of hanging drops.
p-mercaptoethanol was quickly 10-fold-diluted into a buffer Experiments were performed at 4 and°G8in parallel. Four
containing 10 mM Mops/Tris, pH 7.0 and>6 CMC of the microliters of the protein solution, containing a start con-
corresponding detergent (1% for OG). If necessary, the centration of 5 mg/mL OEP16 and 0.3%.Es, was mixed
protein was reconcentrated using CENTRIPLUS concentra-with 1 uL of the precipitant solution. The hanging drops were
tors (Millipore/Amicon, Eschborn, Germany). equilibrated against a reservoir of 1 mL of the precipitant
Biophysical Characterization of the Reconstitution. (a) CD solution. A wide varity of possible precipitants (different
Measurement<D measurements were performed on a Jasco salts, additives as PEG or alcohols) were tested in a pH range
J500 CD spectropolarimeter using 0.2 mm light pathway cells between 4.6 and 9.5.
at room temperature while flushing the cuvette chamber with  Preliminary Electrophoretic and X-ray Characterization
nitrogen gas. Spectra were recorded from 205 to 260 nmof the Crystals The crystals and the supernatant were
with a resolution of 0.1 nm and an acquisition time of 10 analyzed by SDS gel electrophoresis as described below,

Materials The detergents GEg and SB12 were bought
from Fluka (Buchs, Switzerlandp-DM and OG were from
Glycon (Luckenwalde, Germany). All salts and buffers were
of analytical grade and were obtained from AppliChem
(Darmstadt, Germany). Chromatography columns and medi
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using SDS HD Phast Gels and silver staining in a Pharmacia
Biotech Phast System. The crystals could be harvested
without loosing their ability to change the plane of polarized
light by adding 30uL of the reservoir solution with 0.3%
Ci2Es. They were mounted in cryo-loops (Hampton Re-
search) at room temperature for the first test of X-ray
diffraction. A wide glass capillary was put around the cryo- - . o ‘ ‘
loop. In the top of the glass capillary a filter tip with reservoir 210 220 230 240 250 260
buffer was placed to prevent drying of the crystal during wavelength /nm

X-ray exposure. Ficure 1: CD spectroscopy. CD spectra of 0.3 mg/mL OEP16.
A, in 6 M urea; B, in 1% OG; C, in 1% SB12; D, in 0.5DM;

RESULTS E, in 0.3% GEs. Different concentrations of the same detergents
did not affect the CD signal strongly. Spectrum F shows the CD

OEP16, the cation-selective channel of the outer chloro- signal of OEP16 functionally reconstituted in phosphatidylcholine
plast membrane, was overexpresseircoli in the form ~ Vesicles as peviously publisheti).
of inclusion bodies. The protein was resolubilized in the
presence ©6 M urea and purified as described under
Experimental Procedures. Reconstitution into liposomes lead
to an active channel with a conductivity of 1.2 nS and a
selectivity for cations and amino acids as described previ-
ously (12). In parallel to the reconstitution into liposomes, a
large set of experiments was undertaken for the direct
reconstitution of the protein into detergent micelles. With

CD/ mdeg

N
220 240 260

The building of these structural elements during the recon-
stitution can be monitored most clearly by following the
change in the spectra in the region between 220 and 230
nm (15). In the presence fo6 M urea, the protein is
completely unfolded, and the spectrum shows nearly no
signal in this region in the control (Figure 1, line A). The
spectra of OEP16 reconstituted in the presence of different

respect to further structural analysis, the direct reconstitution gﬁ;e;]rgeer;:]s t?nree (Ssgovsvnelgtrilr%u\r/\?ai’ cl)lgsez}\?eglo fE.r -{r?ee glrzg;ls’é
has several advantages over the reconstitution into lipo- g P

somes: the reconstituion can be performed in the absencereC()nStituted in the presence ofEs (I.E)' Similar secondary
of lipids, which can hinder the three-dimesional crystalliza- structural elements are also formed in the presengielaii,

tion of the protein. Larger amounts of the protein can be whereas the reconstitution in the presence of OG and SB12

reconstituted in the same batch, and mild detergents withled. to a Weaker signal at the'same proteln' concentration,
low CMC can be used for the direct reconstitution, whereas which can be interpreted as an incomplete or inhomogeneous

these detergents are not optimal for the reconstitution into reconstitution of OEP16.
liposomes. (b) Tryptophan Fluorescencé&ryptophan fluorescence can

. _ . .. be used as an indicator for the hydrophobicity of the medium
During reconstitution, urea is removed and _the protein is sourrounding the tryptophan residues. OEP16 contains two
fo!ded Into '.{he native state in the form of protgdeterg_ent . tryptophan residues. In the denatured state, these two
micelles. Different methods suqh as gel filtration or dialysis tryptophans are exposed to the hydrophilic medium. The
were evaluated for the reconstitution; the best results were

. o A tryptophan fluorescence spectrum of the protai M urea
obtained by 10-fold dilution of the OEP16 solution into a & chown in Figure 2A, spectrum 1: The spectrum shows a
detergent-rich buffer.

. _ maximum tryptophan fluorescence at 355 nm, which corre-
Different types of detergents were used for these experi- sponds to the value of a very hydrophilic surrounding (for
ments; as examples, the results obtained with three ”O”iO”iCcomparison: the maximum of the fluorescence of isolated
detergents A-DM, OG, and GoEg) and the zwitterionic | tryptophan in water is at 360 nm). It is expected that the
detergent SB12 are presented here. native structure containing-helices angb-sheets is formed
The reconstitution of the protein was monitored by during reconstitution. The absorption maximum is then
different spectroscopic methods. As controls, liposomes shifted to smaller wavelengths, in correlation with a hydro-
containing reconstituted (and functionally active) OEP16 phobicity increase surrounding the tryptophan residues in the
were tested with CD and fluorescence spectroscopy. native protein 16). The tryptophan fluorescence was deter-
(a) CD SpectroscopyFirst insights into the quality of the  mined for the reconstitution in the presence efs, 3-DM,
reconstitution depending on the different types of detergentsOG, and SB12. During reconstitution, the maximum of the
came from CD spectroscopic measurements. The experimentsryptophan fluorescence (excited at 280 nm) shifted from
could only be perfomed from 205 to 260 nm due to the high 355 to 330 nm. The same shift was observed for all four
UV absorption of the buffers used. The spectra of the detergents under investigation. Nevertheless, the spectrum
reconstituted protein were compared to the spectra of theof the OEP16 protein reconstituted in the presence of OG
completely unfolded protein in the presende6oM urea. shows a shoulder, which can be interpreted as an incomplete
The results are shown in Figure 1. The shape of the spectrareconstitution of the protein. The results are shown for the
is similar to the spectra observed with the functional intact detergents OG and;&s in Figure 2A, spectra 2 and 3. The
OEP16 reconstituted into liposomes (taken from 1&j, spectra of the protein reconstituted in the presence sf{C
represented in Figure 1, line F. Secondary structure predic-$5-DM, and SB12 differ only slightly in the intensity of the
tions from the primary sequence predicted three transmem-peaks at equal protein concentrations. The reconstitution in
branea-helices and foup-sheets per monomet?). Even Ci:Es led to the largest intensities, in good agreement with
if secondary structure predictions from the protein sequencethe results observed with CD spectroscopy mentioned above.
should be taken with care, these values give a rough estimateThe shift corresponds to a very hydrophobic surrounding of
of the main structural elements in the native folded state. the tryptophan residues in the native, reconstituted protein.
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FiIGURE 2: Fluorescence spectroscopy. (A) Tryptophan fluorescence | B
spectra of 0.03 mg/mL OEP16: I) 6 M urea; 2, in 1% OG; 3, i
in 0.03% GoEs. As with the CD spectra, different detergent &
concentrations did not significantly affect the shape or intensity of —g 2
the spectra. (B) Difference spectrum of the tryptophan fluorescence )
of OEP16 (0.3 mg/mL) functionally reconstituted in liposomes. g »
20+
For comparison, the fluorescenceretiryptophan in alcohols o "
of different chain lengths was determined (data not shown). ’
The tryptophan fluorescence maximum at 330 nm in the 0
reconstituted OEP16 corresponds to the fluorescence of
L-tryptophan inn-decanol. To demonstrate that the fluores- 10 4— . . . . ; : . .
cence shift of the detergent- reconstituted OEP16 corresponds 20 3% 4 S 60 7 & 90 100
to the native conformation of the protein, difference spectra Temperature / °C

with phosphatidylcholine vesicles containing functionally E D A) Diff ial . lori
. ded. The results are shown in Fiqure CURES: DSC. (A) Differential scanning calorimetry measurement
active OEP16 were recorded. gureésf 0.55 mg/mL OEP16 reconstituted in 1% SB12. The temperature

2B, spectrum 4. OEP16 in lipid vesicles showed the same of heat denaturation is 8C; the molar heat capacity for the OEP16
shift to 330 nm as the detergent-reconstituted protein, monomer is 580 kJ/mol. Slightly higher values (800 kJ/mol) were
indicating that both proteins are in the same conformation. obtained for 0.3% GEs, but as the measurement was strongly

. P . hindered by a phase transition of the detergent itself at about 80
(c) Denaturation Heat Determination of the Recombinant °C, these values have to be taken with care. (B) DSC measurement

OEP16 by Differential Scanning Calorimetry (DS@)if- of 0.55 mg/mL OEP16 in 1% SB12 and 1.5 M urea. The heat
ferential scanning calorimetry was used to obtain a qualitative denaturation temperature shifted down to &7 in this experi-
impression of the energy content of the structure, built up ment, while the molar heat capacity (per monomer) remained
by the renaturation of the protein. A detergent solution Unchanged.

without the protein was used as a reference. The referencgFigure 3A). The energy content for the samples withEg

and protein samples were heated in a highly sensitive could be estimated only qualitatively (data not showii
calorimeter, and the heat capacities of the protein sample~ 800 kJ/mol), because the detergent without protein shows
and the reference were compared. When the protein reaches phase transition at 8C at the given concentration of 0.3%
its denaturation temperature, energy is used for the breakag€19). The denaturation energy in this case not only reflects
of the specific intermolecular interactions that hold the the breakage of specific interactions in the protein itself, but
protein in its native conformationly, 18. The difference also includes the denaturation energy of the whole pretein
between sample and reference can be used to estimate thdetergent micelle, so that the detergent micelle itself might
energy that is needed for the unfolding of the protein and to influence the denaturation behavior of OEP16. Thus, absolute
determine the denaturation temperature. The experiment was/alues for the molar heat capacity of denaturation for OEP16
done with the protein reconstituted in; € and SB12 are difficult to compare. However, as the denaturation
exclusively, because the measurements are very proteintemperature is constant for both detergents tested, we chose
consuming. The molar heat capacity for OEP16 in SB12 is Cy,Eg for further experiments because of the spectroscopic
shown as a function of temperature in Figure 3. The results. To show that the phase transition temperature really
denaturation temperature was &2 for both protein samples is a protein effect, we added 1.5 M urea, a chaotropic reagent
independent of the detergent type. The enthalpy of folding/ well-known to destabilize protein secondary structure, to the
unfolding was 580 kJ/mol of monomer for samples in SB12 samples reconstituted in SB12. The denaturation temperature
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increase of ionic strength (“salting out”). Dialysis of OEP16
at a protein concentration of 1 mg/mL against a buffer with
low ionic strength (containing no salt, 10 mM buffer, and
1.5 x CMC of Cy;Eg) did not decrease the solubility of the
protein to supersaturation.

In contrast, the increase of the ionic strength lead to a
dramatic decrease of the solubility of OEP16. The solubility
of OEP16 is lower at 4C than at 18C under conditions of
high ionic strength. Microcrystals were observed in the
presence of different salts. The solubility of the protein does
not depend on the ionic strength exclusively, but also on
the nature of the salt. It could be shown that the influence
of anions on the solubility of the protein is higher than the
influence of cations. The influence on the solubility was
rather low for chloride and rather high for phosphate and
sulfate, whereas the presence of citrate strongly decreased
the solubility of OEP16. Crystalline material could be
observed in the presence of citrate in the pH range of 6.5
9.5. The size of the crystals increased with increasing pH.
TR e b . After 48 h, phase separation could be observed in the hanging
Ficure 4: Electron microscopy. Transmission electron microscopy drop experiments. One phase consisted of small droplets of
picture of OEP16 reconstituted in4Es. Bar= 30 nm. The particle ~ detergent (without protein as observed by silver-stained SDS

size can be estimated to be 5 nm in diameter. gel electrophoresis, see below), with a second, more solid

phase (crystals) containing most of the OEP16. The super-
in this sample shifted down to 67C (Figure 3B). Again,  natant was essentially protein-free. Citrate concentrations
SB12 without protein in 1.5 M urea showed no heat capacity pelow 1 M did not give phase separation at@. This limit
changes in the temperature range tested. shifted to 800 mM at 18C.

Electron MicroscopyTransmission electron microscopy Figure 5A shows initial small crystals of OEP16. Figure
images of the negatively stained sample using phospho-5B shows the crystals under polarized light. The crystals are
tungstic acid at pH 7 show an even size distribution of the very thin plates with a length of 16200 um and a width
protein particles, which is vital for protein crystallography. of 50—100um, but the height of the plates is not larger than
The size (Figure 4) can be estimated to & nm in 10 um. SDS gel electrophoresis (Figure 6) shows that most
diameter. Future investigations should provide more accurateof the OEP16 can be found in these plates, which change
structural details by employing image analysis and three- the plane of the polarized light, whereas the round phase
dimensional reconstruction techniqueg)( separation drops consist of the detergepdEe Only very

Crystallization Experimentd=or a first, rough screening  small amounts of protein can be found in these drops or in
of possible crystallization conditions for the OEP16 protein, the supernatant after 1 week of crystal growth. Only the
the method of vapor diffusion was used. The experiments washed crystals dissolved in sample buffer showed the strong
were carried out at 4 and I'€ in parallel. Here we give a 16 kDa band characteristic for OEP16 (Figure 6, lane B).
short summary of the influence of the different parameters No protein degradation could be detected.
on the solubility of OEP16: X-ray Characterization of the OEP16 CrystalX-ray

(A) pH. Microcrystalline precipitation can be observed in diffraction was observed to 20 A using a rotating anode as
the pH region of 4.6 up to 9.5. The size of the crystallites X-ray source. One unit cell constant was estimated to be in
increases with pH up to the isoelectric point of OEP16 at the range of 57 A, which is reasonable and similar to the
pH 9. As expected, the solubility of OEP16 is lowest in the size of the protein detergent micelle estimated from the EM
region between pH 8.5 and 9.5. pictures (see above). The X-ray diffraction was obviously

(B) Crystallization Addities In the presence of small mainly limited by the small size of the crystals (thin plates
poly(ethylene glycol) molecules (like PEG 400), phase with a height of the plates of about 10n).
separation was observed, whereas the addition of long-chain
PEG species XPEG 6000) lead to the formation of DISCUSSION
amorphous precipitation. With PEG of medium chain length  We have presented here a method to reconstitute small
(like PEG 4000), phase separation and amorphous precipita-eukaryotic membrane proteins from inclusion bodies. OEP16
tion were both observed in parallel. The protein solubility could be useful as a model system for the functional und
in the presence of PEG is decreased by increasing the pHstructural investigation of other rare membrane proteins. Even
Nevertheless, no crystal growth was observed in the presenceoday, with more than 4000 structures of soluble proteins
of PEG. In the presence of alcohols, like MPD, the protein solved by X-ray structure analysis, the structural and
remained soluble at 4C, whereas amorphous precipitation functional investigation of membrane proteins is still very
was observed at 18. There is some indication that in this  difficult. Less than 20 different membrane protein structures
case denaturation of the protein takes place. have been solved so far. There are several reasons for the

(C) lonic StrengthThe solubility of proteins in general is  lack of structural and functional information.
highest at medium salt concentrations and decreases with 1. The membrane proteins are quite insoluble in water.
both the decrease (“reverse of salting in”) and the further They have to be solubilized by the use of amphiphilic
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Ficure 5: Crystals. Crystals of OEP16 obtained lwit M sodium citrate as a precipitant. (A) Picture taken with white light. (B) Picture
taken with polarized light. The smaller, nonpolarizing “droplets” contained mainly the detergsit C

A B c Unfortunately, the overexpression of membrane proteins
: in E. coliusually leads to the formation of inclusion bodies,
| <20 aggregates of unfolded protein. The refolding of a membrane
' <14 protein into its native state is difficult to investigate, because

the function of the membrane protein is often a transport or
signal transduction process. This can be assayed only by
reconstitution of the protein into liposomes. On the other
hand, lipids and liposomes hinder 3D crystallization (2D
crystals can be formed in some cases). Here we have shown
FIGURE 6: SDS gel (silver-stained) of the different crystallization that this problem can be avoided by following the direct

phases{. '(Ij'he dirf]fergnt”phﬁes in ﬂl}e nySta”ilza_“C_’” b(?tChletS Ct?U'd bereconstitution in detergent micelles using different spectro-
separated mechanically. The smaller, nonpolarizing droplets became, : -
very viscous when heated. Practically no protein was found in these SCOPIC methods. The best reconstitution procedure for our

droplets (lane C) as well as in the supernatant of the crystallization Protein was the direct dilution into a detergent-rich buffer.
experiment (lane A). The OEP16 band of 16 kDa shows clearly in This method is simple, quick, and easy to handle, allowing
lane B, where the polarizing crystals, washedhwit M sodium a large-scale screening for optimal detergents and buffer
citrate and dissolved in sample buffer, were applied to the gel.  ~gnditions.

, . From the reconstituted protein, crystals were gained that
molecules (as detergents) or organic solvents, which canlead,qve to be further improved for X-ray analysis. Larger
to the partia_l or complete denaturation of the protein. The crystals might be gained with seeding techniques, and the
spectroscopic methods used for the measurement of the;ge of Synchrotron radiation (for example, using the strong
refolding of OEP16 can therefore be very useful to test the highly focused beam on the microfocus beamline at ESRF
folding status of membrane proteins solubilized from native Grenoble) will be considered. Experiments for freezing
membranes. the crystals are under way. Very recently similar approaches

2. Only membrane proteins that are very common in nature have also been successfully used in the biophysical and
(as the complexes of photosynthesis and respiration as wellstructural analysis of other membrane chanr@lsWe hope

as the very abundant porins) have been successfully crystalthat the method of in vitro protein reconstitution in detergent
lized for hlgh-resolutlon structure determination so far. Most micelles can he|p to resolve more structures of small

of the membrane proteins, however (for example, receptors,membrane proteins in the future.
special transporters, etc.), occur in the cells only in very low

amounts and are therefore difficult to isolate. Today, soluble ACKNOWLEDGMENT
proteins are very frequently produced in large amounts by We thank Prof. R. Wagner, Osnébky Germany, for
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