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Targeting Myosin Light Chain Kinase (MLCK) Catalytic Domain to Treat Endothelial Barrier Dysfunction 

Jason Machulis and Eli Chapman
Department of Pharmacology & Toxicology, College of Pharmacy, University of Arizona, Tucson, AZ

Myosin Light Chain Kinase (MLCK) is a promising 
drug target due to its role in endothelial barrier 
dysfunction. This disorder is responsible for various 
cancers, pancreatitis, cardiovascular, and 
inflammatory disease states. Current literature 
recognizes that animal cells produce MLCK at the 
highest concentration without loss of activity. Insect 
cells are another option but are limited by low yield 
or poor protein activity. Bacteria cells present an 
easy to use, cost effective alternative, and are 
commonly used in recombinant protein expression 
and purification. Here, we present the difficulties 
associated with MLCK catalytic domain (28 kDa) 
purification in different E.coli cell lines.

Abstract            Results

MLCK is a Ca2+/calmodulin dependent kinase that 
phosphorylates serine and threonine residues on 
the regulatory light chain domain of myosin light 
chain type 2 (MYL2). This post-translational 
modification generates a cascade that pulls protein 
complexes, located at tight junctions between cells, 
inwards to the cell’s center. When the biophysical 
force produced becomes too great, cells separate. 
This process is the known as endothelial barrier 
dysfunction. Because cells are separated immune 
markers are allowed to migrate into interstitial fluid. 
The resulting inflammation causes disease states 
such as Chron’s Disease, asthma, and acute lung 
injury (ALI). 
There is not a large body of literature describing 
purification of recombinant MLCK. Instead, MLCK is 
purified from animal tissue, due to high protein 
concentration present in those tissues. One notable 
exception saw researchers purify recombinant 
MLCK at the cost of reduced activity when 
compared to wild-type MLCK (wtMLCK). Loss of 
activity presents another problem for MLCK 
purification. Although one study retained full activity 
of rabbit MLCK using Sf9 insect cells, this was at 
the cost of lower yield and an expensive expression 
system. However, neither study presented data to 
suggest the MLCK catalytic domain, or any other 
MLCK truncations, are capable of high expression 
and/or retaining activity comparable to wtMLCK. 

Background

• Expression and purification of MLCK catalytic 
domain in different cell lines

• Development of  an MLCK assay for a HTS 
campaign

• Screen for MLCK inhibitors using a natural 
product library for chemical diversity 

• Convert hits to leads through biochemical, 
biophysical, and cellular analyses.  

Future Directions

Recombinant MLCK catalytic domain has shown 
insolubility when expressed in a pSpeed vector. 
Once purified in a pGEX-6P-1 vector, the protein 
becomes soluble, but at the cost of low 
concentration. It should be noted that the combined 
MLCK-GST fusion protein is approximately 56 kDa. 
An intense band can be seen at that length. A 
possible explanation for this is that the glutathione 
resin has been degraded over time, thus losing 
affinity for GST, and causing the fusion protein to be 
eluted out of the column. A less likely reason may 
be due to the protein folding dynamics of MLCK-
GST. If the GST-tag were to be blocked by MLCK in 
such a way that lowers or prevents its binding to 
glutathione resin, it is likely that yield of MLCK will 
be low; without binding to the resin, GST-precision 
protease has nothing to cleave. Unfortunately, these 
problems stall MLCK assay development for a HTS 
campaign. 

Conclusions
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Figure 1. Expression and purification of pSpeedET-MLCK catalytic domain in E.coli. MLCK catalytic domain 
was expressed in E.coli using a pSpeedET vector. A) Small scale purification of fusion protein. B) Large scale 
purification. Lack of visible bands in the elution lanes that prove that MLCK is insoluble. 

A) B)

Figure 2. Formation of novel MLCK construct. MLCK catalytic domain and pGEX-6P-1 vector were digested 
and ligated to form a new construct. A) Digestion of pSpeed-MLCK donor vector and pGEX-6P-1 recipient vector. 
B) Mini-prep samples of MLCK catalytic domain and pGEX-6P-1 ligated products. 
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Figure 3. Large scale 
purification of pGEX-
6P-1-MLCK. pGEX-6P-
1-MLCK is soluble at 
the cost of protein 
folding dynamics that 
limit GST-tagged affinity 
for glutathione resin. 
Fusion tagged 
construct does not bind 
to glutathione resin 
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