
Andrea Newell, Ryan M. Baxley, and Anja-Katrin Bielinsky 

Department of Biochemistry, Molecular Biology and Biophysics,  

University of Minnesota, Minneapolis, MN, 55455 

Future Directions 

Abstract 

References 

Conclusions 

Regulation of DNA Replication by MCM10 in Human Cells  

Mini-chromosome maintenance protein 10 (MCM10) is a highly conserved protein that 

is essential for origin activation and replication fork elongation in DNA replication. Cells 

that are deficient for MCM10 exhibit problems with replication and telomere 

maintenance. Specifically, HCT116 human colon cancer cells that are heterozygous for 

the MCM10 gene display progressive telomere erosion and eventually succumb to cell 

death. In order to confirm that the observed abnormalities are due to MCM10 

deficiency, my objective has been to introduce a transgene into early passage and late 

passage HCT116 MCM10+/- mutants to determine if telomere shortening and DNA 

replication problems can be reversed. The results of this project will help to determine if 

loss of MCM10 function is the true source of DNA replication and telomere maintenance 

abnormalities in these cells.  This is important in the evaluation of MCM10 as a potential 

anti-cancer drug target. 
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The LR reaction offers site-specific recombination for 

plasmid integration   

• Recombination occurs between specific attachment (att) sites4 

• Enzymes bind to att sites and bring them to other target sites before cleaving and covalently reattaching 

the DNA4 

• No new DNA synthesis is required and recombination does not result in any net loss or net gain of 

nucleotides4 

• The resulting expression vector can be co-transfected into your cell line of choice alongside a plasmid 

containing the enzyme transposase to yield a stable cell line that has integrated your gene 

Minichromosome maintenance protein 10 (Mcm10) is 

an essential replication protein 

  

Successful creation of the pBacMCM10 expression vector 

Potential clones isolated 

• PCR amplify select clones to confirm integration of pBacMCM10 

• Determine MCM10 protein levels using Western blot 

• Select clones with growth rates relatively similar to WT cells to characterize  

Using the LR reaction for other MCM10 types 

• Mcm10 is known to interact with several proteins necessary for DNA replication, and by introducing 

mutated MCM10 proteins such as truncated proteins or proteins that have a mutation in a specific 

domain, we can learn about interactions of Mcm10 during replication 

Confirmation and characterization of complemented cell line 

Mcm10 in replication initiation and 

elongation 
Mcm10 interacts with replisome protein 

components to help stabilize the replisome 

and DNA polymerase alpha (pol-α).1,2 The 

Mcm2-7 replicative helicase, origin replicative 

complex (ORC), Cdc6, and Cdt1 make up the 

pre-replicative complex (pre-RC).1 Mcm10 

interacts with components of the pre-RC and 

recruits DNA polymerase alpha to the 

replication origin to initiate replication.1,2 

Mcm10 is believed to interact with pol-α in a 

manner that stabilizes it. Mcm10 then remains 

associated with the replication fork as 

elongation of the DNA is occurring.3  

• The LR reaction was successfully utilized to create an expression vector that can be transfected into 

human cells via an enzyme catalyzed reaction 

• LR reaction was optimized to suit other potential expression vectors 

Transfected HCT116 cells were 

grown up in G418 selective 

media. After 11 days, cells were 

subcloned into four 96-well plates 

with varied cell densities.  

Generation of Mcm10 complemented stable HCT116  

cell lines 

Transposase allows the 

expression clone to be 

enzymatically integrated 

into the host genome. The 

LR generated pBacMCM10 is 

integrated into the genome of 

human HCT116 cells. 

Transposase 

Expression clone 

Lipofectamine 3000 

reagent was used to co-

transfect pBacMCM10 and  

transposase plasmids into 

human HCT116 colorectal 

cells. 5 

Successful clones will continue to be 

grown up and characterized by 

growth rate and protein levels will be 

characterized by Western blot 

• HCT-116 +/- cells that potentially have integrated the pBacMCM10 into their genome and have survived 

selection in G418, a resistance that is conferred by pBacMCM10 
 

Diagram of the Mcm10 protein. Green and red markers designate locations where mutations have been 

found in various cancer cell types. Figure adapted from Baxley, et al.6 

Amp 

resistance  

Two strategies to generate pBacMcm10 using the 

LR recombination reaction 

Strategy 1: Circular pBac and circular pDONRMCM10 plasmids 

E. coli cells 

transfected with 

the correct 

pBacMCM10 

plasmid  

E. coli cells 

transfected with a 

plasmid containing 

the ccdB DNA 

gyrase inhibiting 

gene 

E. coli cells 

transfected with a 

plasmid lacking an 

amp resistance 

gene 

E. coli cells that are 

not successfully 

transfected and lack 

any plasmid 

Strategy 2: Circular pBac and linear pDONRMCM10 plasmids 

LR reaction E. coli 

transformation 

Positive control: Circular pBac plasmid and circular pENTR plasmid provided by Gateway4 
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Plate 1: 7 colonies 

Plate 3: 10 colonies 

 

Plate 2: 12 colonies 

 

No growth on LB + amp plates 
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Generating a MCM10 deficient cell line with rAAV 

targeting 

  
HCT116 Mcm10+/- cells display 

replication fork and telomere 

maintenance problems which lead to 

proliferation problems.  

rAAV mediated targeting of exon 14. 

HCT116 +/- cells were generated via 

sequential targeting with rAAV. Targeting and 

drug selection produced a heterozygous cell 

line with one representative allele that is 

flanked by lox p sites, and one flanked null 

allele. 

HCT116 Mcm10 +/- cells display 

decreased levels of Mcm10 when 

compared to WT HCT116 cells. 

Western blots of whole cell extracts are 

shown for WT, het8, het14, and het65 

cell lines.  

Transient transfection of WT HCT116 cells to confirm 

Mcm10 production of pBacMCM10 

Whole 

cell 

extract at: 

24 hours 

48 hours 

72 hours 

 

Lipofectamine 3000 

reagent was used to co-

transfect pBacMCM10 

into human HCT116 

colorectal cells. 5 

 

Western blot of WCE from transient 

pBacMCM10-transfected WT HCT116 cells 

at 24, 48, and 72 hours. Tubulin is shown 

as a loading control.  

MCM10 

Tubulin 

  
attL2 

attL1 

Nonspecific DNA 

pENTR 

+ control DONR vector 

Amp 

resistance  

Plate 1: 0 colonies 

Plate 2: 0 colonies 

Plate 3: 0 colonies 

LR reaction 

LR reaction E. coli 

transformation 

E. coli 

transformation 

pBacMCM10 is confirmed with XhoI digest and Mcm10 

sequencing 

Cartoon of a successfully created pBacMCM10 vector. 

XhoI sites are displayed along with corresponding XhoI 

digest lengths. Att sites have been converted to B1 and B2 

sites as a part of the LR mechanism. The plasmid contains 

neomycin resistance to allow for selection in human cells. 

Amp 

resistance 

7347 bp 

2145 bp 

1752 bp 

XhoI  

XhoI  

XhoI  

XhoI digest of selected pBacMCM10 clones. Expected 

bands appear at 7347, 2145, and 1752 base pairs. Bands for 

XhoI digested pDONRMCM10 and pBac are provided for 

reference. 
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All 29 colonies were 

miniprepped and 

digested with XhoI  

26 out of 29 

colonies showed 

appropriate 

bands  

4 colonies were 

sent for full 

sequencing using 

primers within the 

MCM10 coding 

sequence 

Base Pairs 

8 kb 

6 kb 

2 kb 
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Expression clone 

MCM10-Ub 

pre-RC 


