
Weak-binding Phosphate Binding Protein (PBPw): Purification and labeling 

 
Plasmid 
 
pET22b_PstS_3 
 
PstS ORF encoding the mature E. coli (A17C, I76G, A197C)PstS protein (PBPw) 
containing a stop codon at the end of the gene in pET22b (inserted between Nde1 
and Xho1 sites in the MCS). 
 
Expression produces MEA at the N-terminus of the mature PstS:  So there is an 
extra M at the N-terminus over the natural, mature PstS. A stop codon was also 
added at the end of the sequence BEFORE the plasmid-derived His tag. This gives 
PLY at the C-terminus at the C-terminus of the expressed protein, as in the natural 
PstS. The amino-acid numbering has been left as based on positions in the natural, 
mature protein. 
 

Cautionary words 
 
This protocol is provided “as is”, to be used together with any published 
procedures. It is at the discretion of the user whether to modify or implement as 
written.  
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Protocol 
 
1. Expression  

a. Transform the above plasmid into BL21 (DE3) expression cells and plate 
onto LB agar plates containing 100 μg/ml ampicillin. 

b. Set up an overnight starter culture in 100 ml LBamp medium and grow 
shaking at 37 °C.  

c. The next morning dilute the starter culture 1:50 into 500 ml aliquots of 
fresh media, typically a total of 3 L is used. 

d. Grow cultures at 37 °C shaking until they reach an OD600 ~0.8, then induce 
expression with 500 μM IPTG and grow on for 4 h. 

e. Harvest cells by centrifugation for 20 min at 3000 rpm and 4 °C). 

f. Resuspend pellet in 2 ml/g of cells wet weight in 20 mM Tris.HCl pH8.0. 

g. Store cells at -80 °C until use. 

 

2. Purification  

a. Thaw cells from 500 ml culture (typically ~ 7 g and 35 ml suspension) and 
add PMSF to a final concentration of 100 μM. 

b. Lyse cell suspension by sonication using 4 x 30 s cycles at 200 W (40% if 
using SONICS vibracell) with a 5 s on/off pulse cycle. 

c. Clear lysate by centrifugation at 142000 g and 4 °C for 45 min (35000 rpm 
using Type 45Ti Beckman rotor). 

d. Equilibrate a 5-ml HiTrapQ FF column (GE Healthcare) in 10 mM Tris.HCl 
pH 8.0, 1 mM dithiothreitol (DTT). 

e. Filter supernatant through a 0.45 μm filter, adjust the conductivity of the 
supernatant to that of the buffer and load onto the ion-exchange column. 

f. Wash with 100 ml (20 column volumes) loading buffer until a stable 
baseline is reached. 

g. Elute in a 50 ml gradient of 0-200 mM NaCl in 10 mM Tris.HCl pH 8.0.  

h. Analyse fractions on SDS-Page, pool those containing PBP and concentrate 
in a Vivaspin 20 concentrator (MWCO 10 kDa, GE Healthcare). 

i. Determine the concentration using εA280 = 60880 M-1cm-1. A typical yield is 
about ~130 mg of PBP per litre culture.  

 

 



3. PBPw Rhodamine Labelling Protocol 

a. Notes: All buffers should be filtered and degassed. For PBPw there is no 
need to remove residual Pi using a phosphate MOP (cf tight-binding 
variants) 

b. Thaw ~20 mg of the purified PBPw and add a 10-fold molar excess of DTT. 
Incubate this mixture 15 min on ice. 

c. Equilibrate a PD10 column in buffer [10mM Tris.HCl pH8, 100mM NaCl] and 
apply the protein mixture. 

d. Collect one 1.5 ml aliquot followed by 6x500μl aliquots. Determine the 
fractions containing the protein using the NanoDrop. Pool these fractions 
and determine the concentration.  

e. Calculate the final volume required to obtain a PBPw solution of 50 μM 
final concentration and the amount of 6IATR required to get a final 
concentration of 200 μM (a 2-fold excess over the cysteines present). 

f. Add the label to the buffer first to dilute the DMF, then slowly add the 
protein to the mixture, protect from light and incubate at 22 °C for 2 h 
with end-over-end mixing. 

g. After the initial incubation time add MESNA to a final concentration of 400 
μM (a 2-fold excess over the total 6IATR) and incubate a further 15 min. 

h. The incubate contains 100 mM NaCl, which has to be reduced before 
loading onto an ion-exchange column for separation of labelled species. 

i. Dilute the salt concentration step-wise by addition of an equivalent volume 
of buffer without NaCl to the protein-label mixture (i.e. 5 ml labelling 
mixture + 5 ml buffer to get to 50 mM NaCl; + 10 ml to get to 25 mM NaCl). 
Concentrate the mixture in between dilutions to reduce the volume of the 
mixture. Some of the free label (or MESNA-6IATR  adduct) will be 
separated from the labelled-protein in this step, but there will also be 
precipitated protein, some of which re-dissolves. The final concentration 
of NaCl should be <2 mM NaCl. 

j. Equilibrate a 1-ml MonoQ HR 5/5 column (GE Healthcare) in 10 mM Tris.HCl 
pH 8.0. 

k. Centrifuge the low salt protein mixture at 16000 g for 10 min at 4 °C  and 
filter the supernatant through a 0.2 μM polysulfone membrane to clear any 
precipitates. 

l. Apply the filtrate to the column and wash with 10 mM Tris.HCl pH 8.0 until 
a baseline is reached (~50 ml). 

m. Elute with a 20 ml gradient of 0-70 mM NaCl. 



n. The elution profile usually shows three (poorly resolved) peaks, with the 
major, second peak eluting at around 20 mM NaCl.  

o. As determined by mass spectrometry and the ratio of absorbance of label 
(526 nm) and protein (280 nm) this fraction corresponds to the double-
labeled PBP.  

 

4. Characterisation (Absorbance Spectra) 

a. Analyse the absorbance spectra of fractions around the second peak to 
determine the absorbance ratio at 515 and 555 nm.  

b. To do so measure spectra between 220-660 nm taking note of the 
absorbance at 515 and 555 nm (indicating the amount of free and stacked 
rhodamine), as well as the isosbestic point at 526 nm.   

c. Pool fractions with the highest ratio of A515/555, typically around 5, 
concentrate if necessary and determine the concentration of rho-PBP using 
an extinction coefficient of 108 mM-1cm-1 at 526 nm. 

 

5. Characterisation (Fluorescence Spectra) 

a. To determine the signal change measure emission and excitation spectra of 
1μM rho-PBPw in absence and presence of 200 μM phosphate using the 
following settings: 

i. Excitation Spectrum  Em 577 nm; Ex 480-565 nm 

ii. Emission Spectrum  Ex 555 nm; Em 565-660 nm 

b. Fluorescence response is ionic strength and pH dependent, but in 20 mM 
Pipes pH7.0, 150 mM NaCl a 5-fold signal increase was typically observed. 

 


