
 

 

Expression and Pur ification of Phospholamban 

By Christopher Bassett 
Introduction 

The purpose of this project was to develop a protocol for the bacterial expression and 
purification of phospholamban (PLB) with the ultimate goal of producing a sufficient amount of 
pure PLB in a minimal medium containing 15N-ammonium for nuclear magnetic resonance 

(NMR) experiments. The project detailed in this paper utilized BL21 (DE3) E. coli, which 
expressed a fusion protein consisting of maltose binding protein (MBP), a thrombin cleavage 
sequence, and PLB, as illustrated in Figure 1. The MBP fusion protein was used to facilitate 

purification, as it is easily purified on an amylose column due to its affinity. Additionally, PLB is 
extremely insoluble and often toxic to cells when produced alone, but easy to produce in large 
quantities when expressed as part of a fusion protein. 

 
 
 

 
    

 

The cells were grown in Luria buffer (LB) media for the preliminary experiments, 
because increased protein yields made drafting of the procedure easier. Once a procedure that 
obtained a satisfactory yield and level of purity was drafted, PLB was produced in a minimal 

media containing 15N-ammonium necessary for NMR. A monomeric mutant of PLB was 
required, because NMR experiments are too complex when performed on pentameric wild-type 
PLB. Performing NMR on oligomers requires the differentiation of interactions between the 

sub-units and the interactions between residues in the same molecule, thus complicating the 
experiment. Additionally, NMR experiments are easiest to analyze with 95% or better purity, 
making the development of a better expression and purification protocol crucial to the success of 

the project. 
    Cardiac muscle is regulated by the Ca-ATPase pump, which, when uninhibited, 
transports calcium ions into the sarcoplasmic reticulum (SR) using ATP energy. This transport 
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Figure 1 Diagram of Fusion Protein 



 

relaxes the muscle and provides the calcium gradient necessary for the next contraction. 
Research suggests that PLB exists in equilibrium between the unphosphorylated monomeric state 

and the phosphorylated pentameric state (Cornea et al., 1997), where the monomer is the 
preferential inhibitor (Reddy et al., 1999). As illustrated in Figure 2, unphosphorylated PLB 
aggregates the Ca-ATPase pump and reduces calcium-ion transport, thus reducing heart rate. To 

produce a rapid heart rate, adrenalin is released, causing a cascade reaction, which eventually 
leads to PLB phosphorylation and aggregation. The pump is then uninhibited, and calcium 
transport proceeds unabated (Thomas et al., 1998). 

Figure 2 Regulation by Reciprocal Aggregation of PLB and Pump
(Adapted from diagram by Preeya Kashetry)  

     

As illustrated in Figure 3, PLB is a membrane protein, consisting of a polar 
cytoplasmic domain and an extremely hydrophobic-transmembrane domain. The hydrophobic 
domain lodges within the SR membrane while the hydrophilic tail extends into the cytoplasm. 

Phosphorylation, which serves to aggregate PLB and prevent calcium-pump inhibition, is 
thought to occur at the threonine and serine residues, as indicated by the “P” in Figure 2. In 
AFA-PLB1, the 36th, 41st, and 46th cystein residues are replaced with the amino acids alanine, 

phenylalanine, alanine, respectively. This changes the oligomeric nature of wild-type PLB to a 

                                                
1 [C36A, C41F, C41A-PLB] 



 

more easily studied monomeric form (Thomas et al., 1998). 

 
   The BL21 E. coli strain was used to produce PLB because it is naturally deficient in the 
proteasses OmpT and Lon, allowing for increased yields of intact protein. The suffix DE3 on 

BL21 (DE3) E. coli indicates that the strain contains a T7 RNA polymerase gene controlled by 
the lacUV5 promoter, which is inducible by isopropyl-D-β-thiogalactopyranoside (IPTG) 

(Cunningham, 2001). 

 
 

Figure 3 Wild-Type PLB Amino Acid Sequence and Phosphorylation Sites  

(Adapted from diagram by Tara K irby) 
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Procedure 

Cell Growth 

    Two 1-L flasks of ddH20 with 25 Bio101 LB pellets, two 100-mL flasks of ddH20 with 
2 LB capsules, and 8 g glucose in 40 mL ddH20 were autoclaved for twenty-five minutes at 
121°C. The 1-L flasks were set aside for later use, and 10 µL of flash-frozen BL21(DE3) E. coli 

cells were added to the 100-mL flasks and the solution was made to 2% glucose. From a 
prepared solution of 500 mg ampicillin per 5 ml ddH2O, 13 µL of ampicillin solution were added 

to kill all bacteria that did not contain instructions for producing MBP-PLB, since the construct 

also contained a gene for ampicillin resistance. The 100-mL flasks were placed in the shaker at 
220 RPM and 37°C. 
    Sixteen hours later, the cells were centrifuged, and the supernatant was discarded. The 

cells were transferred to 1-L flasks, 1 mL of ampicillin solution was added, and the media was 
made to 2% glucose, with care taken to keep everything sterile. The optical density (OD) of the 
solution was then checked every half hour until it reached 0.4 - 0.6 OD, as this was when the 

cells had reached mid-lock and were mature enough to produce large amounts of protein. 
Samples were frozen and the cells were induced with 440 µL 0.5 mM IPTG solution per 1 L of 

cell culture. The IPTG solution was made from 1 g IPTG per 5 mL ddH20. This served to 

activate the B-Gal promoter in the construct, and the cell was instructed to overproduce the 
fusion protein. After three hours, a post-induction sample was taken, and the remaining cells 
were pelleted at 7,000 (xg) and 4°C for ten minutes.  

MBP-PLB Extraction 

    As illustrated in step 1 of Figure 4, the cells were then lysed using 20 mL of a solution 
per 1 L cell culture. The lysis solution was composed of 50 mL B-PER (Pierce), 5 mg lysozyme, 

5 mg DNAse I, and one Boehringer Mannheim COMPLETE Protease Inhibitor Tablet. The cell 
solution was placed on a shaker for 20 minutes at room temperature and then centrifuged for one 
hour at 35,000 (µg) and 4°C. This process was repeated three times using 10 mL lysis solution 

per liter culture. Aliquots were taken after each centrifugation and the supernatant was stored at 
0°C overnight. 
Pur ification with Amylose Column  

    The protocol was continued in the cold room (4°C), where the supernatant was loaded 
into the amylose column at a flow rate of two drops per sec, as illustrated in step 2 of Figure 4. 
The column was then washed with 10 column volumes (1 L) of phosphate buffer (PBS), 



 

consisting of 5.7 g Na2HPO4 and 14 g NaCl in 2 L ddH2O with the pH adjusted to 7.3, which 
eluted all proteins but the MBP-PLB. The MBP-PLB was then eluted with a maltose solution, 

consisting of 4.17 g maltose in 150 mL of PBS. Samples of each solution from the column were 
taken and the concentration of MBP in the elution product was measured using a 
spectrophotometer at 280 nm. (For every OD unit, there was approximately 1.5 mg per mL 

MBP).  

 
Figure 4 Pur ification Scheme  

(Adapted from diagram by Tara K irby) 

 
Thrombin Cleavage 

    Thirty-nine units of thrombin were added per mg MBP, and the solution was shaken 

for eight hours at 0°C, as illustrated in step 3 of Figure 4. Samples were taken every hour and, 
after eight hours, the reaction was stopped with 1 µL of 1 mM phenyl methyl sulfonyl fluoride 

(PMSF) solution per mL of cleavage solution. The PMSF solution consisted of 174 mg PMSF 

and 10 mL isopropanol. The supernatant was frozen in liquid nitrogen and then lyophilized. 



 

Final Pur ification and Analysis 

    Once the protein was in powder form, it was dissolved in a solution of varying 

concentrations of trifluoroacetate (TFA) and ddH20 in preparation for high performance liquid 
chromatography (HPLC), which separated the molecules based on polarity, as illustrated in step 
4 of Figure 4. The gradient and buffers used are shown in Figure 5. After HPLC, all organics 

were rota-evaporated and lyophilization was repeated. The sample was now ready for matrix 

assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis, 
which separates molecules on the basis of their size and determines the molecular weight of each 

molecule within one atomic mass unit (amu). 

 
Figure 5 HPLC Gradient and Buffer Compostion 

Time (min.) Buffer A % Buffer B %  Buffer A Composition Buffer B Composition 

0 to 5 100 0  95% H20 5% H20 

5 to 10 100 to 30 0 to 70  2% acetonitrile 38% acentonitrile 

10 to 20 30 70  3% isopropanol 57% isopropanol 

20 to 27 30 to 0 70 to 100  0.1% TFA 0.1% TFA 

27 to 37 0 100    

37 to 38 0 to 100 100 to 0    

 

     Samples taken throughout the procedure were analyzed using 10-20% 
tricine-sodiumdodecylsulfate (SDS) prepackaged gels run in tris/tricine diluted ten times. The 
gels were developed using Coomassie blue and Western blot and quantitated using a 

densitometer, where the densities of the proteins on the gel were compared to the densities of the 
standards. Western blots, in which PLB was identified by its reaction with specific PLB 
antibodies, permitted the analysis of samples containing other proteins. 

 
Results 

    As shown in Figure 6, the first lane of this gel shows a prestained low 

molecular-weight standard (Biorad). Lanes 2-5 show supernatant samples after each of four spins 
in the centrifuge. The thick horizontal band across the middle of lanes 2-7 is MBP-PLB. The 
concentration of protein obtained decreases as the cells are centrifuged repeatedly. Lanes 6 and 7 

consisted of the remaining cell pellets after centrifugation, indicating there was an 



 

inconsequential amount of protein left in the pellets after four runs in the centrifuge. Lanes 8-10 
were bovine serum albumen (BSA) assays used for protein quantification. 

 

 

Lane 1 2 3 4 5 6 7 8 9 10 

std.  

Supernatant 

1 S 2 S 3 S 4 Pellet 1 P 2 BSA 100 BSA 400 BSA 800 

 

12.7 mg/L 

FP 

8  

mg/L FP 

8.3  

mg/L FP 

1.29 

mg/L FP 

.56  

mg/L FP 

.63  

mg/L FP    

Figure 6 Gel of Supernatant and Pellet Samples 

 
    As shown in Figure 7, lane 1 contained a low molecular weight marker (Biorad). Rows 
2 and 3 were PLB standards for quantification. Lanes 4-6 were, respectively, 1:1, 1:2, and 1:10 

dilutions of PLB cleavage at 0°C after eight hours. The top band is the fusion protein, the band 
directly below it is MBP, and the barely discernable band at the bottom of the gel is PLB. The 
fusion protein is 75% cleaved after eight hours, as the MBP line is 75% larger.  Lanes 7-9 were 

identical dilutions of PLB cleavage at 4°C. This shows that lowering the temperature from 4°C 
to 0°C did not significantly decrease PLB degradation.   
 



 

 
Lane 1 2 3 4 5 6 7 8 9 

std. 2.5 PLB 5 PLB 0 C 1:1 0 C 1:2 0 C 1:10 4 C 1:1 4 C 1:2 4 C 1:10 

     4.19 mg PLB   4.66 mg PLB 

Figure 7 Gel of Cleavage Dilutions at 0¡C and 4¡C Eight Hours Post-Cleavage 

 

    As shown in Figure 8, lane 1 shows a low molecular-weight marker (Biorad). Lanes 2 
and 3 contained PLB standards for quantification. Lanes 4-6 contained samples at one, two, and 
eight hours post-cleavage at 0°C. After as little as one hour, the fusion protein is almost fully 

cleaved. There is further cleavage at eight hours, but PLB has degraded significantly, since the 
intensity of the line at the bottom of the gel has decreased. The lanes for the two-hour time point 
must be disregarded as they appear to be loaded incorrectly, with a higher concentration of 

fusion protein after two hours than there is at one hour post-cleavage. Lanes 7-9 show samples at 
identical time points at a different cleavage temperature of 4°C.   

 
Lane 1 2 3 4 5 6 7 8 9 

std. 2.5 PLB 5 PLB 0 C 1h 0 C 2h 0 C 8h 4 C 1h 4 C 2h 4 C 8h 

    5.05 mg PLB 2.81 mg PLB  (50.5) mg PLB 4.81 mg PLB 

Figure 8 Gel of Cleavage at 0¡C and 4¡C One, Two, and Eight Hours Post-Cleavage 



 

 
    Figure 9 shows a graph of concentration of HPLC products versus time. Mass 

spectrometry showed that peak 2 contained MBP, peak 3 contained any uncleaved fusion protein, 
and the final peak was PLB. The size of the peak 4 indicates a good yield of PLB for the 
experiment. 

 
Figure 10 shows the molecular masses of the molecules obtained from peak 4, as 

indicated by MALDI-TOF MS. The peak at 6201.0 amu is AFA-PLB. The peaks at 4922.4 amu 

and 5292.7 amu are PLB fragments cleaved before the tenth and seventh residues, respectively. 

1 2

3

4

Time

C

o

n

c

e

n

t

r

a

t

i

o

n

 
Figure 9 HPLC Products 
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Figure 10 Mass Spectrometry Results 

Discussion 

The first significant observation I made was related to the lysis and centrifugation of 
the cell solution after cell growth. The standard procedure called for only two runs in the 

centrifuge, but I doubled this protocol to four runs and discovered that a significant amount of 
protein was being lost in the original procedure. As seen in Figure 6, up to 50% additional 
protein came out in the third and fourth runs.  

    My most important discovery related to the cleavage of the fusion protein. As seen in 
Figure 8, by running cleavage for eight hours and collecting samples at specific time points for 
later analysis by gel electrophoresis, I discovered that protein degradation occurred in as little as 

two hours, while cleavage was 75% complete after just one hour. The result of this PLB 
degradation is evident in the mass spectrometry graph seen in Figure 10. Since the procedure the 
laboratory had been using called for 20 hours of cleavage, this work has greatly contributed to 

PLB yields. 



 

 
Conclusion 

My next question was whether thrombin, endogenous proteases, or proteases 
contaminating the amylose column were the cause of PLB degradation during cleavage. 
Additionally, the timing of the procedure was called into question. After lysis and centrifugation, 

the supernatant sat overnight in the cold room, possibly subject to protease activity. If the 
procedures involving cell lysis, column purification, and cleavage could be completed in a 
continuous span of time, degradation would be limited, as this is the time span where PLB is 

subject to degradation. 
    For future work, I would recommend taking aliquots and running Western blots at 
critical stages of the experiment, as Western blots would be very sensitive and specific in the 

identification of low quantities of PLB. Gels would include the supernatant before and after 
overnight incubation and right before cleavage. This would determine if degradation was 
occurring overnight or in the amylose column. Cleavage should then be run under three 

conditions: control, protease inhibitors (EDTA and aprotinin), and thrombin with protease 
inhibitors. This would reveal whether thrombin or other proteases were responsible for PLB 
degradation and establish the ideal cleavage time. The theoretical graph of the situation would 

likely look like Figure 11. It is critical to balance the need for complete cleavage of the fusion 
protein and the issue of PLB degradation.  In Figure 11, the ideal time to end cleavage is 
indicated by the dashed line at four hours post-cleavage, as PLB has reached its maximum 

concentration at this point.  
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Figure 11 Theoretical Cleavage Situation 

 

    I performed preliminary experiments using the procedure described above but obtained 
insufficient evidence for a strong conclusion. This would be a very promising avenue of future 
investigation. 

    The purpose of revising the procedure was to produce an adequate amount of pure 
15N-labeled PLB for NMR analysis. Since protein structure is directly related to function, 
analysis would give much greater insight into role of PLB in the operation of the heart. 
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