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The two amplicons were incubated for 1 hour with each lysate. Samples 

of each reaction mixture were subsequently used to transform E. coli 

NEB10β. 

 
Figure 2.1 The 2-way Circular Assembly 
(A) 2-way assembly was demonstrated by joining a coding sequence for blue chromogenic 
protein (BCP; a 698 bp segment of pSB1C3-K592009 colored in dark blue) and the 
majority of pSB1C3-J04450 (a 2446 bp segment), thereby replacing the RFP coding 
sequence with BCP (pSB1C3-BCP). The pMB1 origin is colored in green and the 
chloramphenicol resistance gene is colored orange. (B) Correctly assembled plasmids 
allow transformants to express BCP (blue colonies) while colonies containing carryover 
template plasmids appear either red (pSB1C3-J04450) or white (pSB1C3-K592009).  
 

Interestingly, Dra-incubated DNA did not produce transformants, 

although DNA incubated with Sce or Eco successfully transformed E. 

coli. Further analysis by agarose gel electrophoresis showed 

significant degradation of the individual amplicons, indicating that a 

highly active exonuclease system might have prevented the assembly of 

DNA by Dra (Appendix B Figure B.1). Even expected background 

transformants resulting from lingering circular PCR template were 

absent, suggesting that endonuclease activity is also high in Dra. 

Indeed, after further investigation we found a consensus DrdI site 
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(GAC-N6-GTC) between 1475 and 1486 (GACGCTCAAGTC) in the replication 

origin of our plasmids36. 

2.2. Testing the Magnesium:ATP Ratio with 2-way Linear 

Assemblies 

We then explored ways to improve the efficiency of ex vivo DNA 

assembly with Eco and Sce by varying the relative composition of ATP 

and MgCl2 in our buffer, adding NAD to the buffer (to power NAD+-

dependent processes such as ligation), modulating the temperature at 

which the reaction mixture was incubated, increasing the amount of 

cellular lysate in our reaction, and increasing the duration of 

incubation. To directly assess the efficacy of ex vivo DNA assembly 

and avoid variation associated with transformation, we chose to 

visualize formation of a linear product (Figure 2.2A) from a pair of 

overlapping amplicons (28 bp overlap) via agarose gel electrophoresis 

of the ex vivo assembly reaction prior to transformation (Figure 

2.2B). In this manner, we were able to compare different reaction 

conditions on their ability to join two overlapping dsDNA into one 

linear product. 

Buffers were made of 1 mM DTT, 1 mM NAD, and varying concentrations of 

ATP and Mg+2. A wide range of ATP:Mg+2 ratios were initially tested with 

1-hour Eco reactions at 37°C: 1:5, 1:10, 1:20, 5:5, 5:10, 5:20, 10:5, 

10:10, and 10:20 (mM:mM). Only three ATP:Mg+2 ratios were chosen for 

further reaction optimization: 10:5, 5:5, and 1:10 (mM:mM) (buffers 1–



 

 

 

19 

3 in Figure 2.2B, respectively). Linear products resulting from 

assembly by Sce were not at all visible in the gel, although bands of 

small pieces of DNA indicate that there is some nuclease activity 

under most conditions tested. On the other hand, Eco appears to have 

significant activity at 30°C and 37°C even without the addition of 

buffer. Previous studies have noted that the nucleolytic behavior of 

the RecBCD complex of E. coli changes based upon the relative amount 

of ATP to free Mg+2in vitro 37. We observed a similar trend in our 

lysates; the most efficient assembly reactions (for both 30°C and 

37°C) were carried out under conditions of excess magnesium relative 

to ATP (Buffer 3 in Figure 2.2B), probably because ATP can chelate Mg+2 

with high affinity under physiological conditions 38. 
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Figure 2.2 The 2-way Linear Assembly and Buffer Optimization 
(A) Optimized ex vivo reaction conditions were identified by visualizing the joining 
of a 697 bp segment of pSB1C3-K592009 (BCP) and a 381 bp segment of pSB1C3-J04450 
(Promoter) into a larger linear DNA molecule. (B) Reactions were run for 1 and 2 h 
(left and right in each gel, respectively), at three temperatures and four buffer 
compositions for each Eco and Sce. All buffers contained 1 mM NAD and 1 mM DTT. ATP 
and Mg2+ concentrations(mM:mM)varied as follows:(1)10:5,(2)5:5,(3) 1:10. The control 
lanes include a reaction with no supplemented buffer (−) and a negative control 
(“ctrl”) DNA-only lane (no buffer or lysate). 
 

Each ex vivo reaction condition was tested for both 1- and 2-hour 

incubations. Initial experiments indicated that greater incubation 

times (3–6 hours) do not improve ex vivo assembly yields (data not 

shown). For all successful assemblies, 2-hour reactions appear to 

generate more linear product than 1-hour reactions. The temperatures 

selected for ex vivo reaction optimization reflect cell culture 

conditions (30°C for yeast and 37°C for E. coli) and the temperature 

used for ISO assembly reactions (50°C). The 50°C reactions are 

considered a negative control since we do not expect the cellular 

machinery in Eco or Sce to be thermostable, although transient 

activity may occur initially. Based on the results of these 


