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Abstract

This chapter outlines a protocol developed to prepare a purified deuterated membrane protein for a
small-angle neutron scattering (SANS) experiment. SANS is a non-invasive technique well suited to
studying membrane protein solution structures, and deuteration enhances the signal from the protein
over the background [1,2]. We present our workflow: transformation of our plasmid into E. coli, cell
growth and expression of our deuterated protein, membrane isolation, detergent solubilization, protein

purification, purity assessment, and final preparation for SANS.
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1 Introduction

Membrane proteins are abundant and important players in many fundamental cell processes, including
catalysis, cell adhesion, and the transport of molecules across membranes. As such, about half of the
current drugs target membrane proteins [3]. Still, relatively few molecular structures of membrane

proteins are available (http://blanco.biomol.uci.edu/mpstruc/listAll/list), especially in comparison to

structures of soluble proteins deposited in the protein data bank (http://www.rcsb.org/pdb). There are
numerous challenges associated with the study of the functions and structures of membrane proteins
[4,5]. Recombinant expression of human proteins is a common bottleneck, as the yield from a
eukaryotic expression system is often low compared to levels needed for downstream applications for
molecular characterization. Another problem is inherent in the nature of membrane proteins; detergent
or other amphiphilic systems need to be used to maintain their active conformations [6]. Such reagents
are not compatible with many downstream analytical techniques. For example, in crystallography the
phase behavior of the surfactant can inhibit crystal growth [7], and in small-angle X-ray scattering (SAXS)
[8] and in size exclusion chromatography coupled to multi-angle light scattering [9], the signal of the

protein cannot always be readily distinguished from the signal from a similarly-sized detergent micelle.

Among the biophysical techniques currently available for studying membrane proteins, neutron
scattering stands out [1,2]. Thermal or cold neutrons do not deposit energy into the samples, so unlike
electrons or X-rays [10], neutrons are non-invasive and non-destructive to the sample [2]. Second, the
method can be used to probe structure in lipid membranes or solution, as in small-angle neutron
scattering (SANS). The signal from lipid or detergent can be suppressed using a method called “contrast
matching”, which exploits the different scattering length densities (SLDs) of components such as
proteins, detergents, and buffer, so that only the signal from the protein of interest remains [1,11].

Traditionally, the SLDs of solvent and detergent is matched by adjusting the percentage of D,0 [12], but
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more sophisticated methods are emerging [13-16]. In addition, deuteration of the target macromolecule

increases signal-to-noise, facilitating the data collection process [1,17,12].

Intramembrane aspartyl proteases (IAPs) are a subfamily of membrane-bound proteases that contain
the conserved catalytic motif in YD...GXGD, where X is often a hydrophobic residue [18]. There are two
main members of the IAP subfamily in humans: signal peptide peptidase (SPP) and presenilin. SPPs
hydrolyze signal peptides and are involved, for example, in the production of the cell surface
histocompatibility antigen—E epitope [19] and are exploited by hepatitis C for virus core protein
maturation [20]. Presenilin is the catalytic subunit of the y-secretase complex and is of interest due to its
relevance to Alzheimer’s disease [21,22]. Disease-causing mutations in presenilin or in one of its
substrates, amyloid precursor protein (APP), alter the levels or atomic properties of amyloid-B, which
ultimately deposit as plaques in the brain [23,21]. Human presenilin cannot be studied structurally in
solution by SANS because it is only active after the full y-secretase complex is assembled, and after it is
endoproteolyzed into N-terminal and C-terminal fragments [21,22]. Human SPP and y-secretase, which
are expressed in eukaryotic cell lines, cannot be deuterated because eukaryotic cells cannot grow in
media with more than 30-50% D,0 [24]. Therefore, to gain insight into the structural and biochemical
properties of presenilin, we turned to an archaeal IAP ortholog from a methanogen Methanoculleus
marisnigri JR1 (MCMJR1) as a model. MCMIJR1 IAP (MCMIAP) and presenilin share sequence and

structural similarity, including catalytic motifs within the same TM segments [25-27].

The protocol presented in this chapter describes the preparation of deuterated MCMIAP for SANS in
order to study its structure and oligomeric state in detergent solution where it is enzymatically active
[28,29]. The MCMIAP gene was cloned into a commercially available vector flanked by an N-terminal
pelB leader sequence for periplasmic insertion and a C-terminal hexahistidine tag for affinity
chromatography (Subheading 3.1) for expression and purification in relatively high yield [30]. After

transforming chemically competent E. coli (Subheading 3.2) with the MCMIAP-containing plasmid, cells
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were adapted to deuterium-labeled medium and then scaled up for overexpression (Subheading 3.3-
3.7). Following cell lysis and membrane isolation (Subheading 3.7), purification consisted of detergent
solubilization of the membranes, affinity chromatography using nickel-nitrilotriacetic acid (Ni-NTA) resin,
and further polishing using size exclusion chromatography (SEC). SEC was also used to exchange the
protein into a buffer solution with the desired D,O and deuterated detergent content before analysis by
SDS-PAGE (Subheading 3.8) and SANS. This protocol was developed in close collaboration with the
Center for Structural Molecular Biology Bio-Deuteration Laboratory at Oak Ridge National Laboratory
and should be adaptable to other membrane proteins with transmembrane (TM) helices or with -

barrels expressed in E. coli.

2 Materials

2.1 Molecular biology

1. The plasmid containing the gene of interest is the same as for the unlabeled protein
[30].

2.2 Transformation of a suitable E. coli host
1. E. coli Rosetta™ 2(DE3) Singles™ competent cells (Novagen) (See Note 1).
2. Plasmid containing the gene of interest (see Subheading 3.1).
3. LB agar (e.g. LB Agar, Miller, Fisher Scientific) and petri dish.
4. Antibiotics for plasmid selection (ampicillin and chloramphenicol) (See Note 2).
5. SOC outgrowth medium (e.g. New England Biolabs).
6. Water bath set to 42 °C.
7. Incubator set to 37 °C.
8. Floor shaking incubator set to 37 °C.

2.3 Media and solutions
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2.4

2.5

1. LB agar plate with single colonies of transformed E. coli cells (see Subheading 3.2).

2. LB broth (e.g. Difco™ LB Broth, Miller, BD).

3. Minimal media salts (Table 1).

4. DO (e.g. 99.8 atom % D deuterium oxide, Sigma-Aldrich).

5. Dry, sterile media bottles with GL45 threads.

6. Bottle top filters, 0.2 micron.

7. Appropriate antibiotics (e.g. carbenicillin and chloramphenicol) (See Note 2).

8. Isopropyl B-D-1-thiogalactopyranoside (IPTG) (e.g. Teknova).

9. Syringe or bottle filters, 0.2 micron.

10. 10% (w/v) NaOH in 90% D,O (200 mL).

11. 30% (w/v) glycerol, 0.2% MgS04-7H,0 in 90% D,0 with antibiotics (300 mL).

12. 70% (v/v) ethanol.

Growth of deuterated inoculum

1. Shaking incubator.

2. Spectrophotometer (e.g. GE Ultrospec 10 cell density meter) for measuring optical
density at 600 nm (ODego) (See Note 3).

3. Baffled Fernbach shake flask.

4. Fixed angle centrifuge and rotor suitable for ~6,000xg at 4 °C.

Preparation of the bioreactor vessel and accessories

1. Benchtop bioreactor system (e.g. Eppendorf BioFlo 310).

2. Bioreactor vessel (e.g. Eppendorf).

3. Inlet tubing 3/8" ID x 1/2" OD x 1/16" wall (e.g. VWR).

4. Exhaust tubing 5/16" ID x 9/16" OD x 1/8" wall (e.g. Versilic).

5. Inlet vent filter, 0.2 micron (e.g. Pall Acro 37).
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6. Exhaust vent filter, 0.2 micron (e.g. Pall Acro 50).
7. Autoclave.
8. Electrode, pH (e.g. Mettler Toledo).
9. Calibration buffers (pH 4 and pH 7).
10. Dissolved oxygen (DO) sensor (e.g. Mettler Toledo).
11. DO electrolyte solution.
12. House cooling water or recirculating chiller.
13. House compressed air and regulator with a gas purifier (W. A. Hammond Drierite).
14. Nitrogen tank and regulator.
15. Stainless steel headpieces (Sartorius Stedim) with gaskets (Sartorius Stedim).
16. Vent filter, 0.2 micron (e.g. GE Whatman 25mm Polyvent filter).
17. PharMed peristaltic tubing 1/16" ID x 3/16" OD x 1/16" wall (e.g. Saint-Gobain).
18. Polypropylene Glycol 2000 (Alfa Aesar).
2.6 Expression of deuterated membrane protein
1. Deuterated inoculum (see Subheading 3.4).
2. Spectrophotometer (e.g. GE Ultrospec 10 cell density meter) for measuring optical
density at 600 nm (OD600) (See Note 3).
3. Semi-micro cuvettes, polystyrene.
4. 1 mM lIsopropyl B-D-1-thiogalactopyranoside (IPTG) stock solution in 90% D-0.
2.7 Membrane isolation from harvested cell paste
1. Cell paste containing the protein of interest (see Subheading 3.6).
2. Protease inhibitor (e.g. EDTA-Free SIGMAFAST Protease Inhibitor Cocktail Tablets, Sigma
Aldrich).

3. Cell disruptor (e.g. Avestin EmulsiFlex C3) (See Note 4).
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2.8

7.

Ultracentrifuge and rotor suitable for ~150,000xg at 4°C.
Dounce homogenizer, 40 mL, with loose and tight pestles (See Note 5).
Cell resuspension buffer: 50 mM HEPES (pH 7.5) and 200 mM NaCl.

Liquid Nz.

Purification of deuterated membrane protein

1.

10.

11.

12.

Isolated membrane containing the protein of interest (see Subheading 3.7).

Dounce homogenizer, 40 mL, with loose and tight pestles (See Note 5).

Ni-NTA chromatography wash buffer (HisTrap buffer A): 50 mM HEPES (pH 7.5), 500 mM
NaCl, and 20 mM imidazole.

Detergent for solubilizing membrane protein (e.g. Anagrade n-dodecyl B-D-maltoside
(DDM), Anatrace), stored in desiccator at -80°C (See Note 6).

Ultracentrifuge and rotor suitable for 150,000xg at 4 °C.

Protein purification system (e.g. AKTA Pure). Depending on instrument, additional
accessories may be required (e.g. Superloop 150 mL, GE Healthcare).

Ni-NTA column (e.g., HisTrap FF 1 or 5 mL, GE Healthcare) (See Note 7).

Wash buffer A for Ni-NTA chromatography: 50 mM HEPES (pH 7.5), 500 mM Nacl, 20
mM imidazole, and 0.1% DDM (See Note 8).

Elution buffer B for Ni-NTA chromatography: 50 mM HEPES (pH 7.5), 500 mM NaCl, 500
mM imidazole, and 0.1% DDM (See Note 8).

Gel filtration column (e.g. HiPrep 16/60 Sephacryl S-300, GE Healthcare).

Gel filtration buffer: 20 mM HEPES (pH 7.5), 250 mM NacCl, and 0.05% DDM (See Note
8).

Gel filtration column (e.g. Superose 12 10/300 GL, GE Healthcare).
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13

14.

15.

16.

17.

18.

19.

3 Methods

Gel filtration buffer containing the correct D,O percentage from contrast match point
(CMP) calculation [11] (see Subheading 3.8.10) (See Note 9).

Amicon Ultra 15 mL centrifugal filter units (Millipore Sigma) with the appropriate
molecular weight cut-off (MWCO) (See Note 10).

Swinging bucket benchtop centrifuge suited to ~4500xg at 4 °C.

Spectrophotometer for measuring protein absorbance at 280 nm.

12% polyacrylamide gel.

Electrophoresis unit and power supply.

Imager (e.g. Amersham Imager 600).

3.1 Molecular biology

1.

2.

Clone the gene of the membrane protein of interest into pET-22b(+) vector (Novagen)
using the procedure and considerations described previously [30] (Figure 1) (See Note
11).

Verify plasmid fidelity by DNA sequencing (e.g. MWG Operon or Genscript).

3.2 Transformation of a suitable E. coli host

1.

Prepare an LB agar plate containing the appropriate amount of antibiotics (e.g., 60
pg/mL ampicillin and 34 pg/mL chloramphenicol) by following the manufacturer’s
protocol. Dry the plate overnight with lid slightly open at 37 °C in an incubator.

Thaw a ~50 pL aliquot of E. coli Rosetta 2 (DE3) cells on ice.

Add 30-50 ng plasmid DNA to the cells without mixing. Incubate the cells with DNA on

ice for 30 min.
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4. Heat shock the cells at 42 °C in the water bath for exactly 45 s. Return the cells to ice
immediately afterwards.

5. After 2 min, add ~250 plL pre-warmed SOC outgrowth medium to the cells.

6. Shake the cells at 37 °Cin a floor shaking incubator at 225 RPM for 1 hr.

7. Using sterile technique, spread ~250 uL cells on the pre-dried agar plate with a sterilized
loop.

8. Incubate the agar plate at 37 °C in an incubator overnight.

9. The next morning, confirm the presence of well-dispersed single colonies on the
transformation plate and continue with growth of the deuterated inoculum (Subheading
3.4) or seal the plate with Parafilm and store it at 4 °C for later use.

3.3 Preparation of media and solutions

1. Prepare LB broth in H,0 according to manufacturer’s instructions.

2. Prepare minimal medium in H,0 and D,0 according to Table 1. To guard against
precipitation, add the magnesium and trace metals solutions only after the other
components have been dissolved and diluted to at least a 2X concentration.

3. Prepare 1 mL of a 100 mg/mL stock solution of ampicillin and carbenicillin in H,O and
D,0. Prepare 1 mL of a 34 mg/mL stock solution of chloramphenicol in ethanol.

4. Prepare 5 mL of a 1M IPTG stock solution in H,O and D,0.

5. Using syringe or bottle top filters, filter all solutions into dry, autoclaved tubes or
containers using sterile technique.

3.4 Growth of the deuterated inoculum

1. Using sterile technique, inoculate a single colony from the LB agar plate (see Subheading

3.2) into a clear polystyrene 17x100mm culture tube containing 3 mL LB broth and

antibiotics.

10
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Incubate the cells at 37 °C in a shaking incubator at 250 RPM.

When the ODgqo of the cell culture reaches ~1, dilute the culture 1:20 (v/v) into 3 mL
minimal medium (0% D,0) in another polystyrene culture tube (See Note 12).

When the ODgqoo of the minimal medium culture reaches ~1, dilute the culture 1:20 (v/v)
into 3 mL minimal medium containing 50% D,0.

To adapt the cells to deuterium-labeled medium, repeat step 4 with minimal medium
containing 75% and then 100% D0 (or desired maximal percentage). To prepare fully
deuterated (perdeuterated) protein, use 100% D,0 and a deuterated carbon source (e.g.
glycerol-d8) (See Note 13).

Once the cells are growing in the deuterated medium that will be used for protein
expression, progressively scale up the adapted culture in fresh deuterated medium to a
final inoculum that is 1/10™ the initial volume to be used in the bioreactor. For the

deuteration of MCMIAP, a 400 mL inoculum was prepared [14,11].

3.5 Preparation of the bioreactor vessel and accessories

Based on the protein expression level and the amount of material required, select a
bioreactor vessel. For the deuteration of MCMIAP, a vessel with a maximum working
volume of 5.5L was used [14,11].

Clean and assemble the bioreactor vessel per manufacturer’s instructions. However, do
not add the sensors (DO and pH) or deuterated medium.

Steam sterilize the empty bioreactor vessel, feed bottles, and peristaltic pump tubing in
an autoclave.

Immediately after the autoclave cycle ends, carefully move the hot vessel to the
bioreactor system and flow dry compressed air through the vessel via the inlet vent

filter. Dry all other autoclaved labware in an oven set to 80 °C.

11
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5. Prepare the DO sensor using manufacturer’s instructions. Polarographic sensors must be
polarized for several hours prior to calibration.

6. Attach the pH electrode to the bioreactor system and calibrate using pH standards.

7. Rinse the DO and pH sensors with deionized water and spray them down thoroughly
with 70% ethanol.

8. After carefully blotting away the 70% ethanol, insert both sensors into the vessel and
connect the corresponding cables. Insert the temperature probe into the thermowell
within the vessel headplate.

9. Following manufacturer’s instructions, connect the inlet and outlet water hoses to the
corresponding ports on the vessel base and exhaust condenser.

10. Assemble two oven-dried feed bottles, add the filtered 10% (w/v) NaOH to one bottle
and the 30% (w/v) glycerol feed solution to the other.

11. Attach peristaltic tubing to the bottles and pump heads then prime the lines with
solution.

12. Pour sterile-filtered, deuterated medium into the vessel via an inoculation port.

13. Add 200 ul polypropylene glycol 2000 (antifoam) per liter of medium.

14. Install the motor assembly, agitate the medium, and enter the temperature setpoint.

15. Once the temperature stabilizes, calibrate the DO sensor with nitrogen and compressed
air per manufacturer’s instructions.

16. Enter the remaining setpoints at the bioreactor system console. See Table 2 for the
setpoint values that were used for the deuteration of MCMIAP [14,11].

17. Enable cascaded control at the bioreactor system console to vary agitation (200-800

RPM) to maintain DO greater than 30%.

12
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18. If available, initiate software for recording data and controlling the glycerol feed. The

DO spike that occurs upon consumption of the initial 5 g/L of glycerol is typically used as

the trigger that initiates glycerol feeding.

3.6 Expression of deuterated membrane protein

Inoculate the vessel with deuterium-labeled culture prepared in Subheading 3.4.
Monitor the bioreactor system and collect periodic samples from the vessel for ODgoo
measurements.

Once the deuterated cell mass increases (ODgoo ~8-10), set the desired induction
temperature and add IPTG. The induction time, temperature, and post-induction feed
rate varies with the protein being expressed.

Harvest the cell paste by centrifugation at ~6,000xg for 45 min at 4 °C and shut down
the bioreactor system following manufacturer’s instructions.

Flash freeze the cell paste in liquid N, and store at -80 °C for later use or lyse directly as

described in Subheading 3.7.

3.7 Membrane isolation from harvested cell paste

In centrifuge bottles or a separate glass media bottle, resuspend the deuterated cell
paste in buffer (see Subheading 2.7.6) containing an appropriate amount of protease
inhibitor on ice. For every 1 g of cell paste, use at least 5 mL of resuspension buffer.
Resuspend the cell paste gently and thoroughly using a serological pipet.

Lyse the cells by three passages through a cell disruptor at 15,000 psi.

Centrifuge the cell lysate at ~5000xg for 15 min at 4 °C to remove cell debris. Repeat 3-4
times to obtain clear supernatant.

Continue with membrane isolation (step 5) or aliquot the supernatant in 50 mL Falcon

tubes or Nalgene bottles and store at -80 °C.

13
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Ultracentrifuge the supernatant at ~150,000xg for 30-45 min at 4 °C to isolate the
membranes.

Pool the pelleted membranes into a 40 mL Dounce homogenizer. Resuspend the
membrane in fresh cell resuspension buffer using 10-20 passes of the loose pestle and 3
passes of the tight pestle.

Ultracentrifuge again at 150,000xg for 30-45 min at 4 °C. Repeat steps 6 and 7 to
completely remove loosely bound proteins.

Remove the pelleted membrane from the ultracentrifuge tube with a spatula. Use in
purification immediately or flash freeze in liquid N, for storage at -80 °C for later use

(See Note 14).

3.8 Purification of deuterated membrane protein

Add desired membrane mass to a 40 mL Dounce homogenizer using a spatula
containing Ni-NTA wash buffer A (no DDM) on ice. For every 1 g of membrane, use 5 mL
of buffer. If more than 40 mL is needed, divide the sample accordingly.

Resuspend the membrane fraction using 10-20 passes of the loose and tight pestles
until membrane appears homogeneously resuspended in buffer.

After warming the DDM bottle to room temperature for 15-20 min, make a 2% DDM
solution in Ni-NTA wash buffer A in a conical tube, matching the volume used for
membrane resuspension. Place this solution on a 3D rocker for 10-15 min at 4 °C to fully
dissolve the DDM.

Gently add the resuspended membranes from step 2 to the 2% DDM buffer solution
from step 3; the final concentration of DDM will be 1%. Place the conical tube on the 3D
rocker for 30-60 min at 4 °C to fully solubilize the membrane protein (Figure 2A) (See

Note 15).

14
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10.

11.

Ultracentrifuge at 150,000xg for 30-45 min at 4 °C to remove any insoluble material
(Figure 2B).

Load the supernatant from step 5 (Figure 2C) onto the Ni-NTA column connected to a
protein purification system and pre-equilibrated with Ni-NTA wash buffer A (containing
0.1% DDM). Wash with Ni-NTA wash buffer A until the absorbance returns to baseline,
then wash with a mixture of 95% Ni-NTA wash buffer A and 5% Ni-NTA elution buffer B
(containing 0.1% DDM) to remove unbound and loosely bound proteins. Elute the
protein using a gradient from 5% to 60% Ni-NTA elution buffer B. Collect 1.5 mL
fractions throughout the purification. For volumes higher than that of the Superloop, do
consecutive purifications until all the supernatant has been processed (See Note 7).

As needed, concentrate each elution fraction to 500 pl using Amicon Ultra
concentration devices centrifugal filter units with appropriate molecular weight cutoff
(MWCO) (See Note 10). Analyze the fractions by SDS-PAGE to confirm that the protein
of interest is present and contains minimal impurities (See Notes 7 and 16).

Pool elution fractions and further concentrate to 1 mL as in step 7 for polishing using
SEC (e.g. HiPrep 16/60 Sephacryl S-300). Use gel filtration buffer (containing 0.05%
DDM) for equilibration and elution.

To exchange purified protein into conditions for contrast matching in the SANS
experiment, use the Superose 12 SEC column (Figure 3) (See Note 9).

After SDS-PAGE analysis to confirm purity (Figure 3), using concentration devices as
needed, pool fractions and concentrate to the final volume for SANS (See Note 17).
Calculate the final concentration of the SANS sample by measuring the absorbance of

the final sample at 280 nm and converting to concentration, for example, using the
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calculated extinction coefficient (e.g. using online ProtParam tool [31]) and molecular

weight of the protein (See Note 18).

Table 1. Materials for minimal media preparation [32,33].

Name of Salt Concentration
(NH4)2S04 7.0g/L
Na,HPO, 5.25g/L
KH,PO,4 1.6 g/L
Diammonium hydrogen citrate 0.50 g/L
Glycerol 5.0g/L
20% (w/v) MgS04:7H,0 1.0 mL/L
Holme CaCl,-H,0 0.50 g/L
trace CoCl, 0.098 g/L
metals CuSO4 0.102 g/L
(1.0 FeCls-6H,0 16.7 g/L
mL/L) MnSO4-H,0 0.114 g/L
Na,EDTA-2H,0 22.3g/L
ZnS04-H,0 0.112 g/L

Table 2. Initial Setpoints.

Setpoint Name Setpoint Value

16
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Temperature 30°C
Dissolved Oxygen 30%

pH 6.9
Agitation 200 RPM
Gas Flow 4 L/min
Glycerol Feed ~12 mL/hr

17
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4 Notes

1. After optimization, E. coli Rosetta 2 (DE3) cells were selected to express MCMIAP because this
line corrects for rare codons and active enzyme could be purified in sufficient yield for
downstream applications. An option to avoid this cell line might be to conduct codon
optimization on the plasmid [34].

2. Both antibiotics are used to select for only successfully transformed E. coli Rosetta 2 (DE3) cells
ampicillin/carbenicillin resistance comes from the pET22b(+) plasmid (Figure 1).
Chloramphenicol resistance comes from the plasmid which codes for rare codon tRNAs in E. coli
Rosetta 2 (DE3) cells.

3. Since the measured ODggo is due to light scattering, which is affected by the optical layout, ODsoo
measurements made using different spectrophotometers can vary for the same culture [35].

4. Other cell disruption methods (sonication or French press) can be used depending on the scale
required.

5. The Dounce homogenizer offers gentle homogenization and avoids disruption of the membrane.

6. The choice of detergent may vary for different proteins [5]. Previous detergent screening and
protein stability tests in detergents suggested that DDM was optimal for the purification of
MCMIAP [30].

7. It may be advantageous to use a larger (e.g. 5 mL or tandem 1 mL) HisTrap column for
purification. In our experience, the column may not capture all of the protein of interest from
the first round of column purification. Reloading the flow-through fractions onto a cleaned
column may help rescue some of the protein of interest. Similarly, it is probably good practice to
divide the samples into multiple batches and run each batch separately on a Ni-NTA column to

prevent overloading the column.

18
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8.

10.

11.

12.

13.

14.

0.1% and 0.05% are much higher than the reported critical micelle concentration of DDM:
0.0087% [36]. Higher concentration ensures a high level of solubilization of membrane protein.
In our study of MCMIAP by SANS, 48.5% (w/v) tail-deuterated DDM (total with protonated DDM
0.05%) and 44% D,0 were used to extinguish the scattering signal from DDM [14]. A detailed
protocol for determining the CMP can be found in Oliver et al [11].

For MCMIAP, use 50 kDa MWCO. To choose the optimal molecular mass cutoff for concentrating
a membrane protein, both the protein loss and detergent loss need to be considered. For
detailed procedures on choosing the best centrifugal filter, see other studies by us and others
[30,37].

Important features include an N-terminal pelB leader sequence for periplasmic membrane
insertion and a C-terminal hexahistidine tag for Ni-NTA purification flanking the gene of interest.
Depending on the membrane protein topology, pe/B may not be appropriate. Other slight
plasmid variations for MCMIAP have been reported [38,39].

Dilutions other than 1:20 (v/v) may also be used. For small volume adaptation to media higher
than 75% D,0 content, multiple dilutions are often grown in parallel to guard against failure.
Cell growth will slow as the D,0 content increases. The final D,O percentage used in the
deuteration of MCMIAP was 90% [14]. Due to the long growth times in minimal media,
ampicillin is typically substituted with carbenicillin. For growth of the Rosetta 2(DE3) cells used
in the expression of deuterated MCMIAP, the carbenicillin concentration used was 100 pg/mL.
At 90% D0, the chloramphenicol concentration was decreased from 34 to 17 pug/mL [14].
Membranes can be stored at -80 °C for weeks. Start the purification close to the scheduled SANS

beam time to ensure that the protein is as fresh as possible.
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15. After rocking, the solution may turn from opaque to translucent, but if not, still proceed to
ultracentrifugation step. An additional resuspension and solubilization round can be employed
to ensure complete membrane solubilization.

16. For MCMIAP, the E. coli outer membrane protein (OmpF, MW~40 kDa monomer, ~100 kDa
trimer) and multidrug efflux protein (AcrB, MW ~113 kDa monomer, ~300 kDa trimer) are
common impurities identified during the purification process.

17. The final concentrated volume should consider the volume of quartz cells used in SANS
experiment. Cylindrical quartz cells (banjo cells) with a Imm pathlength require ~300 uL each.
Besides SDS-PAGE, mass spectrometry methods can be used to confirm the identity of the
protein, although the deuteration can complicate analysis for typical peptide digestion
experiments.

18. Protein expression and purification procedures require optimization for each different

membrane protein for optimal yield.
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Figure 1. Plasmid map of pET-22b(+) cloned with MCMIAP (MCMJR1 SPP). The pelB sequence precedes
the protein of interest, MCMIAP in this case, to be inserted into the periplasmic membrane. The
hexahistidine tag enables purification through Ni-NTA chromatography. The bla (Ap) sequence codes for
beta-lactamase, providing ampicillin resistance for the plasmid, which is used as a selection marker in

the protocol. Figure was produced using SnapGene Viewer.
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Figure 2. Membrane solubilization. (A) MCMIAP resuspended membranes with 1% DDM solution
added. Note that the solution has not become translucent after rocking even though membranes are
predominantly solubilized as seen in B. (B) Insoluble material is pelleted after ultracentrifugation, fully
separated from the solubilized membrane protein, which is in solution. (C) Solubilized membrane

fraction prior to Ni-NTA chromatography.
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Figure 3. Purification of deuterated MCMIAP for SANS. Superose 12 column for final exchange into
desired buffer (20 mM HEPES at pH 7.5, 250 mM NaCl, 48.5% D20, 0.05% DDM, 44% (w/v) of which is
tail-deuterated. The SDS-PAGE gel shows relatively clean MCMIAP (~31 kDa) in fraction B, which was

used for SANS experiment. Figure is reproduced with permission from Naing et al [14].
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