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Phosphotransfer Assay

Purpose

Quorum sensing E. coli regulators B and C (QseBC) form a typical two-component
regulatory system in bacteria, consisting of a response regulator (QseB) and a membrane-bound
histidine kinase sensor (QseC)1. In such systems, upon detection of environmental stimuli, the
histidine kinase undergoes autophosphorylation of a conserved histidine residue2. Subsequently,
it transfers a phosphate to a conserved aspartate residue on the response regulator protein, which
then creates downstream signalling cascades to allow the bacteria to respond to environmental
stimuli2.

In our circuit design, QseB binds to the flhDC promoter and thus regulates the expression
of the final circuit module containing the effector colicin molecules3. As such, it is a crucial
connector between the AND gate detection module and the effector module. There are several
critical components to this process: (1) QseC autophosphorylation, (2) QseC phosphate transfer
to QseB, and (3) QseB~P binding to flhDC. We plan to assess (2) QseB phosphorylation status
using phosphotransfer assay, whose protocol is described below by Iskander M. Ibrahim’s
protocol for assessing phosphotransfer activity of Synechocystis sp. PCC 6803 full-length
Histidine Kinase 2 (Hik2) protein using radioactively labelled ATP4. Alternatively, if this is not
feasible, (1) and (3) can be assessed using Nitrocellulose Binding Assay2 and Electromobility
Shift Assays (EMSA)5, respectively.

Materials

❖ Eppendorf tubes
❖ 50 ml Falcon tubes
❖ Pipette tips
❖ Chelating Sepharose Fast Flow (GE Healthcare, catalog number: 17057501)
❖ PD-10 desalting columns (GE Healthcare, catalog number: 17085101)
❖ 1 ml cuvette
❖ Polyethylene bags (Thermo Fisher Scientific, Fisher Scientific, catalog number:

01817200)
❖ BL21-DE3 E.coli cells containing QseC and QseB clones. Each protein should be

prepared fresh for each assay.
❖ pET-21b vector (Invitrogen)
❖ One Shot® TOP10 chemically competent E. coli (Thermo Fisher Scientific,

InvitrogenTM, catalog number: C404006)
❖ BL21-(DE3) chemical competent cells
❖ NdeI endonuclease (New England BioLabs, catalog number: R0111S)
❖ XhoI endonuclease (New England BioLabs, catalog number: R0146S)
❖ KpnI
❖ Primers were purchased from Eurofins MWG Operon, Germany.
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❖ Deoxynucleoside triphosphate set (Sigma-Aldrich, catalog number: DNTP-RO)
❖ Phusion® high-fidelity DNA polymerase (New England BioLabs, catalog number:

M0530S)
❖ RNase/DNase free water
❖ GeneJET Gel Extraction Kit (Thermo Fisher Scientific, Thermo ScientificTM, catalog

number: K0691)
❖ Tris-HCl
❖ Bovine serum albumin (BSA) (New England BioLabs, catalog number: B9000S)
❖ DNA loading dye (6x) (Thermo Fisher Scientific, Thermo ScientificTM, catalog number:

R0611)
❖ Agarose
❖ Fermentas Gel Extraction Kit
❖ T4-ligase (New England BioLabs, catalog number: M0202S)
❖ Ampicillin sodium salt (Sigma-Aldrich, catalog number: A9518-25G)
❖ Isopropyl β-D-1-thiogalactopyranoside (IPTG) (Melford Laboratories, catalog number:

MB1008)
❖ Imidazole
❖ Bradford reagent (Sigma-Aldrich, catalog number: B6916-500ML)
❖ 500 μCi [γ32P]-ATP (6,000 Ci mmol-1) (PerkinElmer, catalog number:

NEG502Z500UC)
❖ Adenosine 5’-triphosphate disodium salt hydrate (Sigma-Aldrich, catalog number:

A2383-5G)
❖ Luria broth (LB), low salt, granulated (Melford Laboratories, catalog number: GL1703)
❖ KCl
❖ MgSO4
❖ MgCl2
❖ Glucose
❖ NaCl
❖ PMSF
❖ Glycerol
❖ SDS
❖ β-2-mercaptoethanol
❖ 30% acrylamide/bis-acrylamide
❖ APS
❖ TEMED
❖ Precision Plus Protein All Blue Standards (Bio-Rad Laboratories, catalog number:

161-0373)
❖ LB medium (see Recipes)
❖ Super optimal broth with catabolic repressor (SOC) (see Recipes)
❖ Lysis buffer/wash buffer 1 (see Recipes)
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❖ Wash buffer 2 (see Recipes)
❖ Wash buffer 3 (see Recipes)
❖ Elution buffer (see Recipes)
❖ PD-10 desalting column equilibration buffer (see Recipes)
❖ 5x kinase reaction buffer (see Recipes)
❖ 5x ATP mix (see Recipes)
❖ SDS-PAGE Laemmli sample buffer (see Recipes)
❖ SDS-PAGE (see Recipes)
❖ 1x SDS-PAGE running buffer (see Recipes)

Recipes
1. LB medium

a. Dissolve 20 g of LB broth, low salt (Lennox L Broth), granulated in 1 L of dH2O
2. Super optimal broth with catabolic repressor (SOC)

a. To 10 ml LB-broth filter sterilised:
b. 2.5 mM KCl
c. 10 mM MgSO4

d. 10 mM MgCl2

e. 20 mM glucose
3. Lysis buffer/wash buffer 1

a. 300 mM NaCl
b. 20 mM Tris-HCl, pH 7.4
c. 25 mM imidazole
d. 1 mM PMSF

4. Wash buffer 2
a. 300 mM NaCl
b. 20 mM Tris-HCl, pH 7.4
c. 50 mM imidazole

5. Wash buffer 3
a. 300 mM NaCl
b. 20 mM Tris-HCl, pH 7.4
c. 100 mM imidazole

6. Elution buffer
a. 300 mM NaCl
b. 20 mM Tris-HCl, pH 7.4
c. 500 mM imidazole

7. PD-10 desalting column equilibration buffer
a. Tris-HCl (10 mM final, pH 7.4)

8. 5x kinase reaction buffer (1 ml)
a. 250 mM Tris-HCl (pH 7.5)
b. 250 mM KCl
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c. 50% glycerol
d. 50 mM MgCl2

9. 5x ATP mix
a. 2.5 mM ATP
b. 25 μCi [γ32P]-ATP (3,000 Ci mmol-1)

10. 5x SDS-PAGE Laemmli sample buffer
a. 164.5 mM Tris-HCl, pH 6.8
b. 26.3 % (w/v) glycerol
c. 5.25 % (w/v) SDS
d. 25 % (v/v) β-2-mercaptoethanol
e. 0.025% bromophenol blue

11. SDS-PAGE Reagents Stacking (ml)

a.
12. 1x SDS running buffer (1 L)

a. 0.025 M Tris base
b. 0.192 M glycine
c. 0.1% SDS
d. The pH as it is should be 8.3. No need to adjust.

Equipment

❖ PCR machine
❖ Pipette shield
❖ 2 L Erlenmeyer flask
❖ Bottle assembly, J-Lite PC-1000, polycarbonate (Beckman Coulter, catalog number:

363676)
❖ Backment Coulter AvantiTM J-30I centrifuge (Beckman Coulter, model: Avanti J-30I)
❖ EmulsiFlex-C3 homogenizer (Abestin, model: EmulsiFlex-C3)
❖ Bottle assembly, polycarbonate, 50 ml (Beckman Coulter, order number: 357000)
❖ Heating block
❖ Phosphorimager (Molecular Dynamics)
❖ Fume-hood
❖ GM counters
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❖ Perspex Eppendorf holders
❖ JA-30.5 Ti rotor (Beckman Coulter, model: JA-30.5 Ti Rotor)
❖ JLA-9.1000 rotor, fixed angle (Beckman Coulter, catalog number: 366754)
❖ Gilson pipettes
❖ Plexiglas shielding
❖ Mini-PROTEAN® Electrophoresis system (Bio-Rad Laboratories, catalog number:

1658000EDU)
❖ Bio-Rad PowerPac (Bio-Rad Laboratories, catalog number: 1645050)
❖ Phosphor cassette (Molecular Dynamics)
❖ Phosphor plate (Molecular Dynamics)
❖ Image Eraser (Molecular Dynamics)

Software
❖ ImageQuant software (Molecular Dynamics)

Procedure

A. Cloning of QseC and QseB genes
1. Polymerase Chain Reaction (PCR): Perform PCR reaction for coding sequences

corresponding to the full-length Ecoli. QseC and QseB genomic DNA using a pair of
primers. Digest the PCR product QseC with NdeI and XhoI (New England BioLabs) and
clone into a pET-21b vector (Invitrogen). Digest the PCR product QseB with KpnI and
XhoI endonucleases (New England BioLabs) and clone into pETG-41A (EMBL)
expression vector. Prepare the following PCR reaction in a total volume of 50 µl:

a. Add 1 µl of dNTPs (deoxynucleoside triphosphates, 10 mM each), final
concentration is 200 µM each.

b. 4 µl of the 10x HF Phusion DNA polymerase reaction buffer.
c. 2.5 µl of forward primer (final concentration of 0.5 µM).
d. 2.5 µl of reversed primer (final concentration of 0.5 µM).
e. 5 ng of template DNA.
f. 0.5 µl of Phusion DNA polymerase (final concentration of 0.01 units).
g. Adjust the volume to 50 µl with RNase/DNase free water.
h. Incubate in the PCR machine. For PCR programme, see Table 2.
i. Purify the PCR amplicon from enzymatic reaction buffers using GeneJET Gel

Extraction Kit and elute the DNA sample in 50 µl of Tris-HCl (pH 8.0).

5



McMaster SynBio 2021

2. Restriction endonuclease digest: Carry out the following double digestion reaction in a
total volume of 50 µl:

a. To a 1.5 ml Eppendorf tube, add 8 µg of PCR product or 4 µg of plasmid.
b. 1 µl of the appropriate endonucleases (40 units final).
c. 0.25 µl of the 20 mg ml-1 BSA (final concentration of 100 µg ml-1).
d. 5 µl of 10-fold concentrated NEB-buffer.
e. Adjust the volume to 50 µl with RNase/DNase free water.
f. Incubate reactions at 37 °C for 3 h.
g. Add 10 µl of 6 fold concentrated DNA loading dye and loaded onto an agarose

1% gel.
h. Once the DNA fragments are separated on agarose gel, cut the bands and purified

from the gel using Fermentas Gel Extraction Kit.
3. Ligation: Carry out the following ligation reaction in a total reaction volume of 20 µl.

a. Mix the double digested plasmid and PCR product in 1:3 molar ratios,
respectively.

b. Add 1 µl of T4-ligase (20 units final).
c. 2 µl of 10x T4 ligase buffer.
d. Adjust the volume to 20 µl with DNase/RNase-free water.
e. Incubate reaction at 25 °C for 15 min or at 16 °C overnight.

4. Recombinant transformation
a. To a pre-chilled 1.5 ml Eppendorf tube, aliquot 50 μl One Shot TOP10 chemical

competent cells.
b. Add 0.2 μl (~2 ng) of ligation product into the cells.
c. Incubated on ice for 30 min.
d. Heat shock at 42 °C for 90 sec and incubated on ice for further 60 sec.
e. Diluted to 1:10 by adding 950 μl of preheated (at 37 °C) SOC medium.
f. Incubated at 37 °C whilst agitating at 200 rpm for 1 h.
g. Briefly spin and discard ~800 µl of the medium. Resuspend the pellet with the

remaining medium and plate onto agarose LB-Amp plate.
h. Incubated at 37 °C overnight.
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i. The following day, inoculate a single colony into 5 ml LB-medium containing

100 μl ml-1 ampicillin and incubated at 37 °C overnight whilst agitating at 200
rpm.

j. Extract the clones and confirm the presence of clone by double digesting with the
above restriction and sequencing.

5. Transform the above clone into BL21-(DE3) chemical competent cells as above for
recombinant protein production.

B. Protein production and purification
1. Inoculate a single colony of BL21-DE3 E. coli cells containing QseC clone into 10 ml

Luria broth (LB) growth medium (Sambrook et al., 1989) supplemented with 100 μg
ml-1 ampicillin. Incubate at 37 °C while shaking at 200 rpm.

2. The following morning, in 2 L Erlenmeyer flask, dilute the above starter culture at 1:100
in 1 L LB medium supplemented with 100 μg ml-1 ampicillin.

3. Incubate at 37 °C while shaking at 200 rpm. Monitor the optical density at 600 nm until it
reaches ~0.55.

4. Induce protein expression with 0.5 mM IPTG.
5. Incubate the induced bacterial culture for a further 16 h at 16 °C while shaking at 150

rpm.
6. Transfer the bacterial cells into 1 L polycarbonate bottle and harvest by centrifugation at

9,000 x g for 10 min at 4 °C.
7. Resuspend the pellet in 20 ml of the lysis buffer/wash buffer 1 per 1 L of culture.
8. Lyse the cells by passing through EmulsiFlex-C3 homogenizer two times and transfer the

lysate to 50 ml polycarbonate bottle.
9. Separate the lysate by centrifugation at 39,000 x g for 20 min at 4 °C. And transfer the

supernatant to 50 ml Falcon tube.
10. Equilibrate the Ni2+ affinity chromatography column with 5 ml (5-bead volume) of the

lysis buffer.
11. Apply the supernatant from step B9 to the equilibrated Ni2+ affinity chromatography

column.
12. Wash the column with 30 ml of lysis buffer/wash buffer 1 containing 25 mM imidazole.
13. Wash with 30 ml of wash buffer 2 containing 50 mM imidazole.
14. Wash with 5 ml of wash buff 3 containing 100 mM imidazole.
15. Elute the protein with 1 ml of elution buffer. Repeat this step B15 three more times

C. Desalting: prepare the following steps in the cold room
1. Remove the top cap of PD-10 desalting column and pour off the column storage solution.
2. Cut the sealed end of the column at notch.
3. Fill up the column with PD-10 desalting/equilibration buffer and allow the equilibration

buffer to enter the packed bed completely.
4. Repeat step C3 4 times.
5. Discard the flow-through.
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6. Add maximum 2.5 ml of sample to the column. For sample volumes less than 2.5 ml, add

desalting/equilibration buffer to adjust the volume to 2.5 ml after the sample has entered
the packed bed completely.

7. Let the sample or desalting/equilibration buffer enter the packed bed completely.
8. Discard the flow-through.
9. Place a 1.5 ml Eppendorf tube for sample collection under the column.
10. Elute with 3.5 ml desalting/equilibration buffer and collect 3 times 1 ml and finally 0.5

ml of eluate.
11. Use the eluate for autophosphorylation immediately.

D. Determination of protein concentration using Bradford assay
1. Add 33 μl of QseC protein solution into 1.5 ml Eppendorf tube. To the second 1.5 ml

Eppendorf tube add 33 µl of elution buffer and label this tube as blank.
2. To each tube, add 1 ml of Bradford reagent and incubated at room temperature (~22 °C)

for 10 min.
3. Transfer the samples into 1 ml cuvette.
4. Measure the absorbance for each sample at 595 nm and calculate protein concentration

from BSA standard curve.
E. In vitro autophosphorylation assay: prepare the following in ice

1. Add 2 μM of purified QseC protein to 1.5 ml Eppendorf tube.
2. Add 5 μl of 5-fold concentrated kinase reaction buffer.
3. Adjust the volume to 20 μl with dH2O.
4. Equilibrate the samples to 22 °C in heating block.
5. Mix gently by vortexing for 1-2 sec.
6. Initiate the autophosphorylation reaction by the addition of 5 μl of 5-fold concentrated

ATP mix. Immediately start the stopwatch and let the autophosphorylation reaction
proceed for 15 sec at 22 °C.

7. Terminate the reaction by adding 6 μl of 5-fold concentrated Laemmli sample buffer
(Laemmli, 1970).

8. Separate the reaction products on a 12% reducing SDS-PAGE.
9. Once protein separation is complete, rinse the gel 2-3 times with SDS running buffer and

transfer the gel into a sealed polyethylene bag.
10. Place the sealed bag against the phosphor screen and expose overnight.
11. Visualise the incorporated γ-phosphate is using autoradiography.

F. Phosphotransfer analysis
1. Carry out an autophosphorylation reaction by mixing 12 µM of QseB protein in a total

reaction volume of 150 µl containing 30 µl of the 5x concentrated kinase reaction buffer
and 30 µl of 5x concentrated ATP mix.

2. Incubate the reaction at 30 °C for 10 min.
3. In the meantime, prepare 25 µM of each of the response regulator (QseB) in a total

volume of 62.5 µl containing 12.5 µl of the 5x concentrated kinase reaction buffer
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4. Prepare a control reaction lacking response regulator in the same way, except that replace

response regulator protein solution with an equal volume of water.
5. Remove 12.5 µl of the autophosphorylated QseC protein and add 3 µl of Laemmli sample

buffer to stop the reactions. Label this tube as T0.
6. For each phosphotransfer reaction, take 62.5 µl of the autophosphorylated radiolabeled

QseC protein from step F1 and mix it with 62.5 µl of the response regulator or with the
water control from steps F3 and F4. Kinase and response regulator should be present at a
concentration of 1 µM and 5 µM, respectively.

7. Mix briefly by vortexing and incubated at 30 °C.
8. Remove 25 µl samples at 20, 40, 60, and 90 min and add 6 µl of Laemmli sample buffer

to stop the reactions.
9. Resolve the proteins on 15% SDS-PAGE and visualized the presence of γ32P using

autoradiography

Safety Precautions

Radiation Hazards: possible routes of internal and external contamination
a. Internal contamination could occur while mixing samples by vortices. Samples should be

mixed in the fume-hood to reduce the potential hazard posed by volatile vapour.
b. Aerosol: The isotope stock should be opened inside a fume-hood to prevent inhalation of

aerosol.
c. Spillage: Spillage should be monitored using GM counters and the use of the laboratory

spill kit.
d. External contamination may also occur while handling the radioactive samples.

Appropriate shielding materials should be used to reduce external contamination. All
radiation samples should be used behind Perspex shielding.

e. In addition, solid type Perspex Eppendorf holders should be used to further reduce
exposure.

Sample Result4
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