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Major accomplishments 

1. Protein–protein complexes 
I have optimized a high-throughput (HT) cloning method for the engineering of artificial 
polycistronic genes via rPCR. At the moment, the method is efficient for the co-expression of 
two different proteins. Additional enhancements to increase the number of co-expressing 
proteins and maintain system compatibility with the MCSG pipeline include the modification of 
an arabinose promoter-based vector, pGro7, replacement of the chloramphenicol-resistant gene 
with a “user friendly” kanamycin gene cassette, and modification of the cloning site region to 
improve system flexibility. A unique design advantage of the two different vectors is the ability to 
cross-test expressed proteins and identify strong interactions of partner proteins.  This approach 
has been validated in the MCSG histone-chaperone project (8 of two partner histones versus 11 
chaperones). In addition, the presence of the arabinose promoter allows the user to 
independently control timing of expression one of the complex partners which is critical for 
observation of some protein complexes.  
 

2. pMCSG73 
The majority of structures in the MCSG program were derived from proteins expressed in a 
simple but very efficient vector, pMCSG7, and its derivatives. However, a limitation of pMCSG7 
vector in the inability to improve the solubility of expressed protein due to a reliance on the E. 
coli folding machinery. As a consequence, t\The average fraction of soluble clones expressed in 
pMCSG7 is only about 20% suggesting considerable room for improvement. I developed a 
design strategy for a new vector based on expression of the target protein in fusion with a 
solubility enhancer coupled with the option of separating the fusion with TVMV protease prior to 
the first chromatography purification step (IMAC-I). Initially, I have tested four solubility 
enhancers: SUMO, Halo, MBP and NusA; NusA to identify protein fusion partners with the best 
potential to improve solubility. Several in vivo approaches for controlled but efficient TVMV 
expression were evaluated but rejected due to inefficient cleavage. The outcome of the 
evaluation process was the construction of two vectors, one expressing NusA in fusion with the 
target protein (pMCSG73) and a second one for the strong expression of TVMV in a separate 
batch of cells. The protocol involves simultaneous growth with TVMV expressing cells added to 
target cells prior to sonication in a ratio of 1:16. The process is optimized so there is no visible 
NusA after IMAC-I. Currently cloning is performed in two vectors: pMCSG68 (a pMCSG7 
derivative) and pMCSG73. Only clones that are not soluble in pMCSG68 are purified out of 
pMCSG73. The impact of this project is illustrated by the observation that 30% of targets in 
purification and 25% of structures in refinement have come from vector pMCSG73 since its first 
appearance in February of 2012. 



 
3. Eliminating “empty clones” 

When I joined the MCSG, the major problem for the purification and cloning groups were 
reoccurring epidemics of “empty clones.” “Empty clone” in MCSG jargon refers to a protein 
target that failed to yield any protein after the first purification step (IMAC-I). Every “empty clone” 
costs about one thousand dollars in chemicals and labor, and the number was reaching 40% of 
targets in milligram scale purification. The main cause of “empty clones” was an unreliable 
method used for solubility evaluation. It was based on analyzing the supernatant fraction of 
lysed cells grown in 1 ml of culture. I have introduced an original semi-automated purification 
procedure based on Ni affinity in a 96-well format. The method combines: 1) cell growth in 4 ml 
of culture, 2) sonication in a 96-well format (eliminates the need for any supplementary enzyme, 
such as lysozyme or Benzonase), 3) centrifugation, 4) automated mixing of the supernatant with 
Ni resin and loading onto a 96-well filter, 5) wash followed by elution with a high imidazole buffer 
containing TEV protease. Since the application of the method, the overall number of “empty 
clones” has dropped to about 5%. The introduced method also gives information about TEV 
cleavage efficiency for a target. It allows for early direction of a clone with poor TEV digestion 
into a salvage pathway of one of our C-terminal vectors.  

4. Mutagenesis and LIC ready vectors 
In the past five years at the MCSG, I have also simplified the mutagenesis procedure by 
combining Polymerase Incomplete Primer Extension (PIPE) cloning with a T4 polymerase 
treatment. The method decreased the price per mutagenesis reaction from $37 (Agilent) to the 
cost of primers (about $4) and PCR reaction ($2.50). The procedure was successfully used for 
multipoint mutagenesis, insertion and deletions. None of the above would be possible without 
the addition of betaine to the standard PCR protocol used at the MCSG; for unknown reasons, 
pMCSG vectors were very difficult to amplify via PCR. Amplification of up to 10 kbp templates 
simplified the vector preparation for Ligation Independent Cloning (LIC). Instead of labor and 
time consuming methods based on vector digest with restriction enzymes followed by gel 
extraction, PCR is used for vector amplification. This methodology speeds up modification to 
existing vectors which, in consequence, allows for faster verification of new cloning approaches. 


