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Abstract
Autophosphorylation activity of histidine-kinases (HK) reconstituted into liposomes has been
successfully employed in the Sperandio laboratory to study the response of HKs to chemical cues (1,
2). One of the challenges of performing autophosphorylation assays with membrane-bound HKs is the
purification of functional proteins for liposome loading and reconstitution. In this protocol, we describe
the liposome reconstitution of the multi-transmembrane domain HK FusK of Enterohemorrhagic
Escherichia coli (EHEC) O157:H7, and in vitro autophosphorylation activity in response to L-fucose (5).

Introduction
In this protocol we describe how to biochemically characterize autophosphorylation of membrane
bound bacterial histidine sensor kinases.

Reagents
Detergents of choice, deionized water, SDS-PAGE buffers, Laemmli buffer, protein of interest cloned in
expression vector, proteoliposomes (Avanti Polar Lipids, Inc).

Equipment
Microcentrifuge, Ultracentrifuge, Emulsiflex, SDS-PAGE apparatus, Phosphorimager.

Procedure
PROCEDURE
Protocol overview:
The protocol is divided in four steps: A. detergent screening for protein solubilization, B. protein
purification, C. liposome reconstitution and D. autophosphorylation assay. In this protocol, we
describe the purification and liposome reconstitution of FusK, the fucose-sensing HK of EHEC
described by our group (5). Full length FusK, including sensory and the eight transmembrane
domains, was amplified from EHEC 86-24 strain by PCR using Phusion (Finzymes), then cloned into
pBADMycHisA using XhoI and HindIII restriction sites, generating the plasmid pARP10. This plasmid
was subsequently transformed into TOP10 cells, generating the ARP03 strain (5).
A. FusK detergent screening for membrane solubilization.
A small screening protocol for detergent solubilization was employed to optimize FusK purification,
based on (4). This step takes about 3 days for completion.
1.

Grow ARP03 strain in LB at 37 C until an OD600 of 0.5 then induce protein
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expression by addition of a final concentration of 0.2% arabinose and growth for 5
hours at 30 C.
2.

Centrifuge cells at 5,000rpm for 10 minutes and resuspend in 20 mL of Resuspension Buffer
(50mM phosphate buffer pH 8.0, 300mM NaCl, 15% Glycerol, 5mM DTT, 50uL protease inhibitor
cocktail [Sigma]).

3.

Lyse cell suspension by passing through emulsiflex 5 times at 15,000psi then centrifuge at
18,000rpm for 30 minutes to remove cell debris.

4.

Centrifuge clear lysates at 45,000rpm using ultracentrifuge for 1 hour to isolate total
membranes. To each 1mL aliquot of membranes add 1% of the following detergents: Triton X100, deoxycholic acid, cholic acid, NP-40 (Fisher).

5.

Incubate membrane samples for 2 hours at 4 C in a circular rocker for solubilization of
membrane proteins.

6.

Centrifuge at 13,000rpm for 30 minutes and analyze for protein solubilization by western blot
using anti-Myc antibody (Invitrogen).

B. Purification of FusK
Once you have determined the detergent that solubilizes higher amounts of the protein, move to a
large scale purification (1 to 2 L of bacterial culture).
1.

Grow bacterial cultures and induce protein expression as determined in step A.

2.

Collect pellet from 1 L of bacterial culture, resuspend in 50mL of Lysis buffer (50mM phosphate
buffer pH 8.0, 1% Deoxycholic acid, 10mM imidazol, 300mM NaCl, 15% Glycerol, 5mM DTT,
100uL protease inhibitor cocktail), then lyse using emulsiflex.

3.

Incubate cell lysate for 1 hour for membrane protein solubilization then clear by centrifugation
at 18,000 rpm for 30 minutes.

4.

Collect soluble fraction by ultracentrifugation at 45,000 rpm for 1 hour to obtain membrane
fraction.

5.

Resuspend membranes in lysis buffer and incubate with Nickel-NTA beads (Qiagen) for 1 hour at
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4 C with gentle agitation.
6.

Load membrane suspension and clear lysates into polypropylene columns (Qiagen), washed
with Wash Buffer (50mM phosphate buffer pH 8.0, 20mM imidazol, 300mM NaCl, 5mM DTT,
0.1% Deoxycholic acid) and elute in three steps with elution buffer (250mM Imidazol, 300mM
NaCl, 1mM DTT, 0.1% Deoxycholic Acid).

7.

Analyze eluted fractions by SDS-PAGE and Western blot.

8.

Concentrate appropriate protein eluted fractions using Amicon Centrifugal Filter Unit
with molecular cutoff of 30,000KDa (Millipore), then determine protein concentration
by Bradford. C. Liposome Reconstitution of FusK

Liposomes were reconstituted as described previously (3). This step takes about 3 days. Briefly:
1.

Place 100mg of E.coli proteoliposomes suspension in choloroform (Avanti Polar Lipids) under
vacuum for 3 days for complete evaporation of the solvent.

2.

Resuspend liposomes in 10 mL of 20mM potassium phosphate buffer pH 7.5 containing 160mg
of N-octyl-B-D-glucopyranoside and dialyze in three steps at 4 C against 1L of the same buffer.
First day dialyze overnight; on the second day, perform two dialysis every 4-5 hours.

3.

Freeze/thaw the dialyzed liposome suspension 3 times in liquid nitrogen and store at -80 C in
1mL aliquots at a concentration 10mg/mL.

4.

For protein reconstitution, destabilize 1mL of liposome by addition of 5.8 mg of
dodecylmaltoside and add 250ug of solubilized membrane protein (40:1– liposome:protein
ratio).

5.

Incubate the protein-liposome mixture at room temperature for 10 minutes under gentle
agitation.

6.

Add 58 mg of BioBeads (BioRad) and incubate statically at 4 C overnight.

7.

Collect the supernatant of the mixture and incubated one more time with 58 mg of BioBeads for
1 hour at room temperature.

8.

Aliquot protein-loaded liposomes in 100uL samples, freeze in liquid nitrogen and store at -80 C
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until use. Confirm protein loading into liposomes by western blot using anti-Myc antibody
(Invitrogen) and Coomassie staining.
D. Autophosphorylation and Phosphotransfer Assays
Autophosphorylation assays were performed as described previously (1).
1.

To 100uL of FusK-loaded liposomes, add 5mM MgCl2 and 1mM DTT, and divided in 10uL
aliquots. To each aliquot (in triplicate), add 2uL of 500uM monosaccharide (final concentration
of 100uM) or deionized water as negative control.

2.

Freeze/thaw liposome aliquots in liquid nitrogen three times then incubate statically
at room temperature for 1 hour after the last freeze to allow reformation of the
liposomes and incorporation of signals.

3.

Initiate phosphorylation reaction by adding 0.3uL of [ 32P] ATP and incubate at RT for 30
minutes. For time course of FusK autophosphorylation, reaction was carried for 10, 20, 30, 45
and 60 minutes. In phosphotransfer reactions, add 10ug of response regulators let reaction to
proceed for 10, 30 and 60 minutes.

4.

Stop autophosphorylation reactions by adding 3uL of 4X Laemmli buffer and run whole reaction
in a 12% polyacrylamide gel.

5.

Dry gels at 80 C under vacuum for 1 hour, then expose to Phosphorimager overnight.
Quantitate bands using IMAGEQUANT version _ software (Amershan Pharmacia).

Timing
TIMING
This protocol takes approximately 5 days, from preparation of liposomes to detection of kinase
activity.

Troubleshooting
Different membrane proteins respond differently to diverse detergents to be solubilized from
membrane fractions.
When there is no response to signal, decrease the amount of the protein in proteoliposomes. Too
much protein forces them to dimerize and work constitutively, bypassing the need for signal.
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If autophosphorylation reaction is to fast at room temperature, try at 4oC.

Anticipated Results
Autophoaphotyletaion of the sensor in liposomes increases or decreases in response to signal.
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