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Introduction

Colony qPCR Screening
Each of the reaction volumes had isolated colonies the following day after overnight incubation
at 37°C. In order to enrich the samples submitted for sequencing, colony qPCR was done on 12
colonies from each experimental volume. The sites chosen for amplification were the odd junctions
from the 5 junction points present within the PIK3CA assembly (Figure 3) and a region within the
Ampicillin marker on the backbone as a positive control. A 10 µL pipette tip was used to pick a
small amount of biomass into 50 µL of diH2O in a Echo 384-Well Polypropylene Plate. The Roche
LightCycler® 480 SYBR Green I Master Mix and requisite primers were added into a 384-well qPCR
plate. The Echo 525 system was then used to dispense 250 nL of the cell suspension into each of
the four qPCR conditions for a total reaction volume of 10 µL. After a brief vortex, the plate was
run for 40 cycles on the Roche Lightcycler 480. The positive control Ampicillin marker was then
compared to the other 3 amplicons (Figure 5), and those with a comparable CP values for all 4
reactions were flagged for Sanger sequencing.

Synthetic biology is an interdisciplinary science with the potential to impact several academic and
industrial applications including the creation of novel therapeutics and vaccines, plant science and
biofuels, as well as bio-based chemical manufacturing capabilities that involves the application of
engineering principles to biology. One of the connecting workflows throughout these varied applications
is DNA construction, which allows the assembly of testable constructs. Modular design and assembly
of DNA components makes automation of the assembly process possible reducing the time, labor, and
cost of generating multiple constructs to allow for an increase of throughput with an overall shortened
development cycle. The NEBuilder HiFi DNA Assembly Cloning Kit (Figure 1) is one chemistry that, in
combination with interchangeable DNA fragments, enables rapid construct generation.

Figure 3. A plasmid map generated using Geneious showing the PIK3CA gene (yellow), five of the known
protein domains (dark green), and the GFP tag (light green). The five assembly pieces are shown as the
outermost blocks (blue).

Input DNA Preparation
Figure 1. The typical workflow using the NEBuilder kit showing different input DNA types and
required overlaps.

The recommended total reaction volume in the NEBuilder
protocol is 20 μL. In this experiment, the Echo 525 Liquid
Handler will be used in combination with the NEBuilder
HiFi to generate a five piece, modular DNA construct in
nanoliter volumes. The Echo 525 Liquid Handler is able
to reach these volumes due to the accurate acoustic
generation of 25 nL droplets of reagents (Figure 2).
Beyond the acoustic technology, the flexible arraying
capability present in the Echo 525 Liquid Handler is
needed to miniaturize a modular DNA assembly as
individual components have to be hit-picked in variable
volumes. The arraying speed is markedly increased
from what is possible in a typical assembly pipeline with
volume transfer rates up to 6 μL/sec without tip-loading
steps. By using the NEBuilder HiFi DNA Assembly
Cloning Kit in combination with an Echo 525 system,
plasmids should be able to be quickly assembled at the
nanoliter scale.

Pieces 1-4 were synthesized by IDT as gBlocks®.
These pieces were all PCR amplified using Q5®
High-Fidelity DNA Polymerase from NEB on a
Applied Biosystems ProFlex® for 25 cycles to
generate additional material.
Piece 5 was purchased as the circular vector
pcDNA 3.1/Zeo(+) from Thermo Fisher. The
vector was transformed into NEB 10-Beta®
chemically competent cells, grown in a 6 mL
culture of LB+Carb, and miniprepped using a
Qiagen QIAprep® Spin Miniprep Kit. After elution,
the restriction enzyme KpnI-HF from NEB
was used to digest the plasmid to completion
overnight at 37oC.

Figure 5. Colony qPCR images where the top image is a negative control containing only the Ampicillin marker
control, middle contains two junctions and the Ampicillin marker, and the bottom contains all four junctions and
represents a positive colony.

Results

The linearized Piece 5 and PCR amplified pieces
1-4 were all subsequently cleaned using a NEB
Monarch® PCR & DNA Cleanup Kit. All of the
pieces were then visualized and quantitated on
an Agilent 2200 Tapestation® using a Genomic
DNA Analysis ScreenTape (Figure 4).
Echo 525 Acoustic Liquid Handler

Sanger Sequencing
The 500 nL reaction volume yielded the highest number of colonies selected for sequencing. 50%
of the clones tested with colony qPCR were positive for all 3 experimental junctions. These were
miniprepped and sent to Quintara Biosciences for Sanger sequencing. A representative sequence
alignment is shown in Figure 6. The larger volumes tested also had correct assemblies within them,
but none were observed at the 250 nL level.

Figure 4. (Right) A gel image of Pieces 1-5 run on an Agilent Tapestation 2200. The provided genomic
ladder is in well 1, and Pieces 1-5 are in order from left to right.

NEBuilder Reactions and E. coli
Transformation
The pieces and NEBuilder reagents were added into an Echo Qualified 384-Well Low Dead Volume
Plus Microplate (384 LDV+). The protocol recommended concentration of DNA is 0.05 pmol for
a 20 μL reaction volume. Seven reactions were set up ranging in total volume from 250 nL to
4000 nL in volume. The molar ratio was maintained as the reaction volumes were decreased for
miniaturization. Table 1 shows the volumes of reagents and the Pieces, which had been diluted to a
concentration that was ideal for nanoliter reaction volumes. The destination plate for transfer was a
384-well PCR plate. Once arrayed into the PCR plate, the reaction was allowed to proceed for 1 hour
at 50°C. Ratio appropriate volumes of NEB 10-Beta chemically competent E. coli cells were then
added to the reagent DNA, incubated once for 30 minutes, heat shocked for 30 seconds, cooled on
ice for 2 minutes, diluted into LB media, then directly plated onto LB+Carb agar.
NEBuilder Miniaturized Reaction Volumes

Figure 2. Represents the acoustic technology and parts used in an Echo 525 Liquid Handler to enable transfer of
discrete 25 nL droplets between a source and destination plate.

Materials and Methods
Plasmid Design
Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) is a commonly
studied gene in human oncology. This gene was chosen to demonstrate a real world application of
an Echo-enabled miniaturization of the NEBuilder HiFi kit. The mutation of specific domains from
PIK3CA has been correlated with different tumor types and patient prognosis. The gene was divided
into four pieces based on these domains of interest, tagged with GFP, and designed to assemble into
a KpnI digested pcDNA™3.1/Zeo(+) Vector with approximately 25 base pair DNA overlaps (Figure 3).

Ideal DNA
Conc. (ng/µL)

4000 nL
Reaction (nL)

3000 nL
Reaction (nL)

2000 nL
Reaction (nL)

1000 nL
Reaction (nL)

750 nL
Reaction (nL)

500 nL
Reaction (nL)

250 nL
Reaction (nL)

Piece 1

20

325

250

150

75

50

50

25

Piece 2

20

225

175

100

50

50

25

25

Piece 3

20

275

200

150

75

50

25

25

Piece 4

50

200

150

100

50

50

25

25

Piece 5

100

325

250

175

75

50

50

25

MQ H20

650

475

325

175

125

75

0

NEBuilder
Master Mix

2000

1500

1000

500

375

250

125

1 hour 50oC incubation
Echo Calibration for Each Reaction:

384LDV_Plus_AQ_GP

Table 1. This table shows the different volumes of reagents and cells dispensed by the Echo 525 Liquid Handler
to allow for miniaturization of the NEBuilder reaction.

Figure 6. Representative Geneious alignments of Sanger Sequencing for a reaction at 500 nL. Five different
Sanger Reactions were done per construct as shown in light blue. The coverage is shown to be complete at
the top of the graph (Blue) along with the 100% sequence identity (green)

Summary
• Five-piece assemblies can be generated at a 500 nL scale using the NEBuilder HIFI kit in
combination with the Echo 525 Liquid Handler.
• Echo-enabled colony qPCR is a fast and reproducible quality control method.
• Reagent cost including required template DNA can be lowered by as much as 40x. Only 1.25 fmol
of each modular DNA piece is required at the 500 nL volume.
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