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Figure 2: pTrc-YOPS-mTRAIL plasmid construct. The red arrow indicates the YOPS secretion 

sequence, and the green arrow indicates the mTRAIL cDNA. The aspartate semialdehyde 

dehydrogenase (ASD) is the selectable marker. 
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Cancer is one of the highest contributors to non-natural deaths. Treatment of cancer is often ineffective. 

Chemotherapy shows some success, but can have serious side effects such as severe immunosuppression. 

Additionally, surgery can be performed, but is often risky in more advanced cancer patients and may not be 

performed at all if the tumor is near or affects vital organs. Genetically altered bacteria capable of secreting 

cancer-killing proteins are one way to potentially halt cancerous growth. There already have been several 

experiments showing that certain bacteria will congregate in the anaerobic cores of many cancerous tumors, thus 

providing a targetable delivery vector for cancer therapies. 

 

Human cells, including cancer cells, express a receptor protein that induces self-death by the TRAIL cytokine. In 

normal healthy cells a decoy receptor is highly expressed by the cell to which TRAIL will bind but lacks an 

intracellular functional group, thus not inducing cell death; cancer cells do not produce the decoy receptor in as 

high a concentration. This makes TRAIL a good candidate as a cancer therapy agent, targeting cancer cells and 

not healthy cells. However, there are some concerns. The sensitivity of TRAIL receptors must be increased in 

order for TRAIL to effectively act on cancer cells; this heightened sensitivity could be accomplished by co-

administration of chemotherapy drugs. Another concern is the development of resistance to TRAIL by cancer 

cells. Learning more about how TRAIL interacts with both normal and cancerous cells will be important for its use 

as an anti-cancer therapy. 

Grow cultures of E. coli expressing the mTRAIL and YOPS-mTRAIL cytokines to mid-log phase and stationary 

phase. 

 

Separate soluble from insoluble proteins by sonication. 

 

Isolate and concentrate secreted proteins in the culture filtrate of each construct by TCA/Acetone precipitation. 

 

Analyze protein expression in E. coli using SDS-PAGE. Further verify protein production by Western blotting. 

Grow cultures in LB medium to 

mid-log phase or stationary 

phase. 

Spin down cultures and save 

culture filtrates in separate sterile 

containers. 

Wash remaining pellet in PBS and 

re-suspend in sterile de-ionized 

water.  

Filter the culture filtrates and add 

Acetone/TCA to a final 

concentration of 40% Acetone, 

10% TCA (volume to volume 

ratio). 
Add protease inhibitor and 

sonicate the whole cells to 

separate soluble proteins from 

insoluble proteins. 

Determine protein concentrations 

using the Bradford Assay. 

Analyze the samples of interest on a 

SDS-PAG (10-20% gradient gel in Tris-

Tricine). 

Transfer the proteins form the gel 

to a membrane for Western 

blotting. 

Block membrane with 5% skim 

milk in PBST. 

Treat with primary and secondary 

antibodies to detect the mTRAIL 

protein. 

Image the membrane using an 

UltraLum Omega Molecular 

Imaging System. 

Spin down the solution, dry the 

pellet and re-suspend in 200μl 

de-ionized water. 

The pTrc-YOPS-mTRAIL construct is expressed in E. coli and the protein is secreted. 

 

Higher expression of the mTRAIL protein was observed in the mid-log phase cultures compared to the 

stationary phase cultures. 

 

The YOPS-mTRAIL protein was found in the soluble and insoluble protein fractions in addition to the 

culture filtrates. 

 

The YOPS-mTRAIL construct appeared to be more highly expressed that the mTRAIL construct in both 

soluble and insoluble protein fractions. 

Increase expression and secretion of the mTRAIL cytokine by optimizing translation initiation, codon 

usage, and secretion sequences. 

 

Introduce the pTrc-YOPS-mTRAIL construct or modified construct into Salmonella enterica Typhimurium 

and test for protein production and secretion. 

 

Test the S. enterica recombinant strains for their anti-tumor activity in mouse models of cancer. 

mTRAIL cDNA had been cloned into expression vectors using four different promoter sequences: pTrc, pTic, 

pNirB, and pLacUV5 (Figure 2). This was completed by Kanika Ben. 

 

The YOPS signal sequence was added to the pTrc-mTRAIL and pTic-mTRAIL constructs (Kanika Ben). 

 

The result of the Coomassie Blue-stained gels indicated a significant difference in the mTRAIL protein 

concentration in both soluble and insoluble protein fractions from the mTRAIL constructs when compared to 

the control. 

 

The result obtained by Western blotting is shown in Figure 1. 

 

The results show that mTRAIL is expressed in E. coli, in both the soluble and insoluble protein fractions. And, 

more importantly, the mTRAIL with the YOPS secretion sequence is secreted successfully into the culture 

filtrate.  

 

The YOPS-mTRAIL protein is more prominent than the mTRAIL protein in every sample suggesting that the 

presence of the YOPS secretion sequence may enhance expression. 

 

An interesting polypeptide doublet was found in the insoluble protein fraction. This may be a cleavage 

product of the full-length protein or perhaps utilization of a different start site for translation. 

Figure 1: Western blotting results. This is the image of the Western blotting membrane using an UltraLum Omega 

Molecular Imaging System. The order of samples on the membrane is: (left to right) Molecular weight marker; YOPS-

mTRAIL culture filtrate; mTRAIL culture filtrate; No Gene culture filtrate; YOPS-mTRAIL soluble protein fractions; 

mTRAIL soluble protein fractions; No Gene soluble protein fractions; YOPS-mTRAIL insoluble protein fractions; 

mTRAIL insoluble protein fractions; and No Gene insoluble protein fractions. The molecular weight of the mTRAIL 

construct is 22 kDa which is exactly where the most significant result is on the membrane as indicated by the 

molecular weight marker (left). 
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