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Escherichia coli (E. coli) has served as a host for numerous biotherapeutic products. The simplicity of the organism, 
the high cell growth rate, and the high product expression levels that it offers make it the host of choice for 
expressing simpler biotherapeutic products. In this study, we elucidate how amino acid supplementation leads to 
higher productivity of the product of interest. Three different concentrations of amino acids (X mM) were fed to 
E. coli cells along with a chemically defined media (CDM). The host cell proteins were digested and followed by 
LC/Q-TOF for identification and relative quantitation of stress related proteins.

Amino acids are one of the most important precursor molecules, which act as building blocks during protein 
synthesis. Researchers have shown that amino acid starvation during the production of a recombinant protein is 
the major contributor to the metabolic burden of the cells. Under these starved conditions, the effect of metabolic 
burden is manifested by the transcriptional switch from the expression of growth-associated genes to the 
expression of genes responsible for the cell maintenance and survival.

We observed an exemplarily pathway mechanism of E. coli in control and test samples depending upon the 
supplementation of amino acids and other compounds.

Introduction

Experimental

Methods and Materials

Escherichia coli BL21 (DE3) strain was used as the host system for the expression of a 13.57 kDa recombinant 
pramlintide concatemer (rPramlintide multimer) protein. The concatemer was purified to obtain the final product. 
The pramlintide gene was cloned in E. coli expression vector pET29a(+) between NdeI and XhoI restriction sites. 
The recombinant strain is kanamycin resistant. The strain was stored on a chemically defined media containing 
glycerol (20%) at -80°C. 

Figure 1. Schematic overview on protein extraction and quantitation process.
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The extracted bacterial proteins were incubated with 2 µL of 0.2M DTT (dithiothreitol, Sigma–Aldrich) for 30 min. This 
was followed by incubation in 2 µL of 0.1M iodoacetamide (Sigma–Aldrich) for 30 min, and 2 µL of 0.2M N-acetylcysteine 
(Sigma–Aldrich) for 30 min at room temperature. Proteolytic enzyme Lys-C (1 µg/100 µg of protein) (Promega) was 
added, and the mixture was incubated for 4 h at 37°C. Later, mass spectrometry grade trypsin (1 µg/50 µg of protein) 
(Pierce Scientific) was added, and the mixture was incubated for 12 h at 37°C. The peptides were purified and 
concentrated via reverse-phase C18 Zip-Tip (Millipore), eluted in 0.1% formic acid (FA), 70% acetonitrile (ACN), and dried 
in a SpeedVac vacuum concentrator. This protocol was adapted from previously published protocols for protein 
extraction and digestion1,2 . The digested samples were further analysed by LC/Q-TOF shown in Figure 1.

Data acquisition was performed using an iterative MS/MS mode, which improves identification of low-abundance 
precursors. The E. coli digest samples were subjected to multiple LC-MS/MS analyses. The first analysis was performed 
as a conventional auto MS/MS run using data dependent acquisition. In the following iterative LC-MS/MS analyses, 
precursors that were previously selected for MS/MS fragmentation were automatically excluded on a rolling basis with 
customizable mass error tolerance and retention time exclusion tolerance. As a result, more precursors were 
automatically interrogated by LC-MS/MS and hence improved coverage for low level peptides.

Relative Quantitation of Stress Related Proteins 

Label-free quantitation was used for quantitating amino acid related proteins. There were more than 150 proteins 
identified during the MS/MS run. Among these, the proteins related to stress were quantified using the Top3 peptide 
algorithm. Some of the observed proteins were tryptophan biosynthase, tryptophanse, outer membrane protein A, efflux 
pump AcrA, methionine synthase and others as shown in Figure 2.

There is a stringent response shown in ompA and AcrA protein, where under amino acid stress conditions the 2 fold  
up-regulation of protein is seen in the Control compared to the Test.  For other proteins in the tryptophan biosynthesis 
pathway, protein expression is only observed in the Control, while the cells in the Test do not show or have insignificant 
expression due to supplimentation of amino acids in the media. 

The MS/MS spectra of peptides for selected proteins were manually inspected to ensure high spectral quality and 
correlation with retention time. Data analysis revealed up-regulation of various proteins like tryptophan synthase, 
tryptophan biosynthesis protein, RNA polymerase in the Control. In the Control shake flask, amino acid starvation occurs, 
which induces a stringent response resulting in sudden growth arrest and up-regulation of amino acid biosynthesis. On 
the other hand, the Test shake flask has amino acids along with CDM, so free amino acids are available to cells for 
protein translation. The proteomics data was correlated with the transcriptomics profile to give a better understanding of 
protein regulation (data not shown).

Experimental

Results and Discussion
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• Supplementation of critical amino acids in production media prolongs the process of recombinant protein 
production and improves the productivity of the process. 

• Low and abundant proteins were identified.

• Feeding strategy to enhance recombinant protein and strain development for protein production has been identified.

Results and Discussion

Conclusions

Figure 2. Protein expression in Control and Test. The outer membrane protein A (ompA) and efflux complex (AcrA) in 
Control shows a 2-fold up-regulation compared to the Test. 
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