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ABSTRACT

Early-stage antibody discovery and engineering typically require the cloning, expression, and screening of large numbers of proteins. Normally, DNA fragments
encoding proteins of interest are cloned into extra-chromosomal plasmids that are amplified in Escherichia coli. Following purification from the bacteria, the plasmids
are introduced into appropriate cells, and the expressed recombinant proteins screened for desired binding or function in a high-throughput manner. Even in a
96-well plate format, plasmid purification from E. coli is typically a labor intensive and time-consuming process. To further accelerate our existing biotherapeutic
discovery workflows we designed, qualified, and enabled a fully integrated high-throughput plasmid purification and quantification workstation which we have
termed AMPS (Automated Miniprep Plasmid Station). Using components from a commercially available kit, AMPS can purify plasmid preparations from twenty 96-
deep-well plates of E. coli cultures, measure DNA absorbance at 260 nm, calculate plasmid concentrations, and prepare 96-deep-well plates for mammalian expression
in an operator-independent manner. Plasmid yields and concentrations are equivalent to those obtained off-line. Furthermore, the quality of the DNA purified on
the AMPS is equivalent to that obtained off-line in terms of DNA topology, and absence of contaminating bacterial chromosomal DNA and RNA. Most importantly,
plasmids purified on the AMPS provide similar antibody titers following transfection in CHO cells as plasmids purified off-line. The AMPS bridges high-throughput
E. coli colony picking capabilities typically available in an automation lab with downstream CHO expression needs and will facilitate screening of large numbers of

biotherapeutics in binding and cell assay screens.

Introduction

Protein therapeutics are amino acid-based drugs that are often ge-
netically engineered and synthetically produced. In 2018, the market
value of antibody-based therapeutics exceeded $100 billion with sales
forecast to reach $300 billion by 2025 [1-3]. The robust growth in an-
nual sales reflects the important role this class of therapeutics plays in
treating a wide variety of diseases.

Antibodies are the most common class of commercial biotherapeu-
tics. Antibodies are Y-shaped proteins formed by two light chain (LC)
and heavy chain (HC) dimers linked together by disulfide bonds. They
are produced in vertebrates as part of the adaptive immune response to
help the organism clear foreign agents. The antibody LC and HC each
contain variable light and heavy domains (VL and VH, respectively), as
well as constant regions. After activation of the adaptive immune re-
sponse, a vast array of diverse sequences in the VL and VH domains
are generated by a variety of mechanisms including recombination of
germline sequences, deletion, and addition of nucleotides in specific
segments of the variable regions, as well as by somatic hypermutation.
B-cells producing antibodies that bind specifically and with high affinity
to the foreign protein are selectively amplified [4-6]. In the context of
antibody discovery, animals are often immunized with a target protein
and a wide variety of diverse antibodies are generated as part of the im-
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mune repertoire [2]. Automation resources are necessary to support the
high-throughput methods designed to recover antibodies generated by
the animal immune system in a recombinant form and to identify those
having the desired binding profile and functional activity.

Numerous factors must be considered in the development of a suc-
cessful antibody therapeutic. The antibody must bind to the target of
interest with high selectivity at the correct location on the target, and
with optimal affinity to elicit the desired functional biological activ-
ity. Antibody expression levels, as well as biochemical and biophysical
characteristics are important for the successful development of a manu-
facturable product, moreover low immunogenicity and low non-specific
binding to host proteins play an important role in efficacy and drug dis-
position [7-10].

Typically, discovery campaigns involve the cloning, expression, and
screening of large numbers of antibodies to find molecules having the
desired binding profile and functional activity. Lead candidates are then
often “engineered” by introducing amino acid changes at different po-
sitions in the protein and the variants are expressed and re-screened to
find optimized molecules that balance the many characteristics required
for a successful therapeutic [11-13].

In a typical high-throughput antibody discovery workflow, DNA
fragments encoding the VL and VH domains of an antibody are cloned
into plasmids upstream of the antibody constant sequences (kappa or
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Fc) and under control of the appropriate regulatory elements for ex-
pression in the desired host cells. Numerous high-throughput cloning
strategies have been developed to clone 100-1000s of antibody variable
domains at a time [14-19]. Following transformation of the recombi-
nant plasmids into Escherichia coli, multiple extra-chromosomal copies
are synthesized during the overnight growth phase in the presence of
antibiotic by virtue of an appropriate resistance gene and a bacterial
origin of replication engineered into the plasmid. After amplification,
plasmids are purified from E. coli and typically introduced into an al-
ternative host cell where the appropriate transcription and translational
regulator sequences engineered into the plasmid drive the expression of
the recombinant protein of interest. Mammalian Chinese hamster ovary
(CHO) cells are the most common expression system for antibody-based
therapeutics, and we have developed high-throughput transfection and
expression methods for this cell expression system [20-22].

Plasmids are used extensively in recombinant DNA work to shut-
tle gene fragments between E. coli, where the plasmids are amplified
and CHO cells where recombinant proteins are expressed. E. coli is com-
monly used to amplify plasmids of interest because the organism has a
short generation time (~ 40 min at 37 °C), is easy to manipulate in the
laboratory, and each cell can only take up one plasmid at a time. Extrac-
tion and purification of plasmids from E. coli involves lysing the cells,
removal of bacterial cellular debris and selective recovery of the plasmid
in a procedure broadly termed plasmid DNA purification. Plasmids can
be purified from a wide range of overnight culture volumes. Plasmids
purified from 1-2 mL of overnight cultures are commonly referred to as
“miniprep” plasmid DNA purification. Purifying large numbers of plas-
mids at the miniprep scale is a tedious and ergonomically challenging
endeavor. Consequently, an automated workstation for plasmid purifi-
cation at small-scale will add considerable value across a wide range of
biological disciplines where workflows require large numbers of plas-
mids to be processed.

Transfection and transient expression of recombinant proteins in
CHO cells requires high-quality plasmid DNA [23-25]. Plasmids must
have a super-coiled topology, as nicked or relaxed DNA (single-cut on
one of the DNA strands), or linear DNA fragments (double-cut) are sus-
ceptible to rapid degradation by cellular nucleases. Preparations of plas-
mid DNA must be relatively free of bacterial genomic DNA and RNA to
allow for accurate quantification of plasmid concentrations since protein
expression is sensitive to the amount of input plasmid used for transfec-
tion of mammalian cells. Finally, plasmid preparations must be free of
cytotoxic bacterial lysate and endotoxin contaminants, as well as extrac-
tion buffers since these can interfere with DNA quantification, CHO cell
growth, or the formation of complexes between the plasmids and lipid
or cationic polymers commonly used to allow passage of DNA through
the cell membranes.

Historically, one of the most popular methods for plasmid isolation
involves the differential precipitation of bacterial chromosomal DNA
and super-coiled plasmids under alkaline conditions. In this method bac-
terial cells are treated with a lysozyme solution to weaken the cell walls,
and then the cells lysed with sodium dodecyl sulfate (SDS) under al-
kaline conditions to selectively denature the chromosomal DNA while
leaving the plasmid intact. Rapid neutralization of the mixture results
in aggregation of chromosomal DNA, and SDS-protein complexes which
can then be removed by centrifugation. Plasmid DNA is precipitated
by ethanol precipitation [26]. The observation that DNA could bind to
glass in the presence of chaotropic salts and then be quantitively recov-
ered under conditions of neutral pH led to the use of silica membrane
filters as a high-throughput alternative to ethanol precipitation [27].
Currently there are many commercially available kits for extraction of
plasmid DNA from E. coli [28,29].

Numerous high-throughput plasmid purification systems that rely on
selective binding of plasmid DNA to magnetic beads, chaotropic beads
or silica membrane filters have been commercialized. Automated mag-
netic bead-based plasmid purification systems have been shown to give
equivalent plasmid yields and DNA purity as off-line procedures. How-
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ever, information on protein yields following transfection into mam-
malian cells is not available [30,31]. Billeci and co-workers describe
a custom built automation station that employs specialized purification
tips containing chaotropic beads to purify plasmids from E. coli [32]. The
authors demonstrate equivalent plasmid yields, purity, and sequencing
scores compared to off-line methods. A GFP reporter plasmid transfected
in monkey kidney cells (COS7) using expensive specialized transfection
reagents was used to determine the suitability of plasmids for down-
stream expression in mammalian cells. The authors did not report anti-
body titers following transfection in CHO cells which are more sensitive
to transfection conditions and are the predominant cell line used for
commercial expression of biotherapeutics. Furthermore, plasmid nor-
malization and mixing for downstream expression in mammalian cells
requires manual transfer to another system. Filter-based plasmid purifi-
cation approaches generally yield higher amounts of plasmid than bead-
based approaches, but generally have a throughput of only 1-8 plates
[33-35]. Recently DNA yields and purity on an automated system were
shown to be equivalent to off-line protocols, but there is no information
of protein yields following transfection into mammalian cells [34].

Our laboratory has consistently achieved high yields of transfection-
grade plasmid DNA using a 96-well filter-based plasmid purification sys-
tem (QIAprep 96 Turbo Miniprep). To avoid the use of specialized purifi-
cation tips and expensive transfection reagents, we elected to continue
to use the Turbo Miniprep kit for our high-throughput plasmid purifica-
tion needs. To remain consistent with several other integrated platforms
in our laboratory, we chose the Beckman i-series liquid handler with the
Amplius Positive Pressure Devices (PPD) as the foundation of our Auto-
mated Miniprep Plasmid Station which we have termed AMPS. Success-
ful enablement and full validation of the system depended on observing
equivalent antibody yields from plasmids purified on the AMPS com-
pared to our standard off-line protocols following transfection into CHO
cells. Furthermore, because normalization and mixing of large numbers
of LC and HC plasmids is a lengthy process, we incorporated this capa-
bility into our automated workstation.

As part of our discovery pipeline, we have enabled high-throughput
cloning and mammalian transient transfection protocols to empower
and accelerate the expression and screening of 1000s of antibodies
against target proteins of interest. To date high-throughput isolation of
plasmid DNA suitable for expression in CHO cells is a rate limiting step in
our early-stage discovery pipeline. Here we describe a custom-designed
Automated Miniprep Plasmid Station (AMPS) enabling high-throughput
purification of plasmid DNA from E. coli for downstream expression of
recombinant proteins in CHO cells. Plasmids are extracted and puri-
fied from E. coli cells using components from a commercially available
kit. The station can be programed to determine plasmid concentrations
based on absorbance readings at 260 nm. These values are then used to
normalize and mix plasmids encoding the antibody LC and HC sequences
at optimal concentrations for downstream expression in CHO cells. The
quality of plasmid DNA purified on the AMPS is equivalent to currently
used manual protocols as determined by antibody titers following tran-
sient expression in CHO cells. AMPS can process twenty 96-deep-well
plates of pelleted E. coli cells in a fully operator-independent manner.
It executes the plasmid purification and quantification protocols from
twenty 96-deep-well plates in six hours and takes another two hours to
mix the cognate LC and HC plasmid pairs for subsequent downstream
expression in CHO cells.

Material and methods
Automated workstation design

The AMPS (Fig. 1A and B) is flanked by two enclosed Biomek i7
hybrid liquid handlers (Beckman Coulter Life Sciences, Brea, CA) ori-
ented in opposite directions each having a HEPA filter unit to provide
a controlled work environment. Each liquid handler is equipped with a
96-MultiChannel head (1-1200 uL) and a Span-8 pipettor. Integrated on
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Fig. 1. The Automated Miniprep Plasmid Station (AMPS). (A) Computer-aided design drawing of the system with the major components labeled. The two Biotek
Multiflo dispensers are beneath the SPECTROstar Nano plate reader and the Plate labeler (not shown). (B) Top view of the station. (C) Schematic of the Amplius
Positive Pressure Device PPD unit. (D) Plate assembly for the filtration of bacterial cellular debris after cell lysis and neutralization. Cell lysates are added to the
TurboFilter 96-well plate using the i7 liquid handler, positive pressure is applied by the Amplius PPD units, and the filtrate collected into the QIAprep Capture plate.

the side of each liquid handler are two fully automated Amplius Positive
Pressure device (PPD) units (Amplius, Rostock, Germany) (Supplemen-
tal Fig. S1A). These consist of a 96-well pressure manifold with con-
trolled inlets, a sealing gasket that sits on top of the source plate and a
96-well destination plate or waste drain (Fig. 1C). Two floor-level Jun-
Air compressors (Jun-Air, Benton Harbor, MI) provide a constant high-
volume air pressure to each of two PPD units. Waste material is handled
by house vacuum and stored in a flammable-resistant container. Two
Cytomat SkyLine (Thermo Fisher Scientific, Waltham, MA) plate stor-
age and delivery units feed plasticware directly onto the decks of the
two Biomek liquid handlers as needed (Supplemental Fig. S1B and C).
On the deck of each liquid hander is a self-refilling reservoir (Amplius)
for a constant supply of an ethanol-based wash solution from a pressur-
ized flame-resistant container. At the front of the station is a Cytomat
10C-425 unit for storage of 96-deep-well blocks containing E. coli pel-
lets, as well as for plates containing purified plasmid DNA. There are
two Biotek Multiflo dispensers (Biotek, Winooski, VT) for dispensing re-
suspension, lysis, and neutralization buffers, as well as a Sartorius Entris
(Sartorius, Gottingen, Germany) balance for on-the-fly liquid handling
verification. In addition, the AMPS contains a SPECTROstar Nano plate
reader (BMG Labtech, Ortenberg, Germany), four BioShake elm 3000
units (QInstruments, Jena, Germany), a PlateLoc sealer (Agilent, Santa
Clara, CA) and a XPeel desealer (Brooks Life Sciences, Indianapolis, IN).
Plates are moved around the station by a Precise PF3400 collaborative
extended reach arm (Precise Automation, Fremont, CA) as well as Servo
Shuttles (Beckman Coulter Life Sciences) extending from the Biomek i7
hybrids.

The instruments, plate movements and scheduling are controlled by
SAMI EX software (Beckman Coulter Life Sciences). Beckman’s Data Ac-
quisition Reporting Tool (DART) links sample identification to sample
data throughout the workflow. The DART database is used to calcu-
late DNA concentrations from absorbance values provided by the SPEC-
TROstar Nano plate reader and outputs a liquid transfer file to the
Biomek i7 liquid handlers for mixing plasmids encoding the LC and HC
antibody sequences at the correct concentrations for downstream trans-
fections and optimal expression in CHO cells.

Qualification of the automated workstation

We qualified the AMPS using E. coli cells (strain DH5¢, Zymo Re-
search, Irvine, CA) pelleted in 96-deep-well plates and harboring plas-
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mids encoding either the LC or the HC of a proprietary control antibody.
Beveled 2 L flasks containing one liter of 2X YT growth medium sup-
plemented with 100 pg/mL carbenicillin were inoculated with a single
colony of E. coli transformed with a proprietary DNA plasmid encoding
either the HC or LC of a control antibody. Both plasmids contain the
f-lactamase (bla) gene conferring resistance to carbenicillin. After incu-
bation at 37 °C overnight (16 — 18 h) with shaking at 250 rpm, 950 uL
of the overnight culture was aliquoted into each well of a 96-deep-well
plate while keeping the bacteria in constant suspension to ensure equal
distribution of the cells into each well. Bacteria were pelleted by cen-
trifugation at 1460 x g for 10 min. We removed the culture media by
inverting the plates and blotting them on paper towels. We stored the
plates at -20 °C in an off-line unit until needed for testing on the AMPS.

Scientists loaded all the plates containing frozen bacterial pellets into
the Cytomat 10C-425 units of the AMPS for processing at the same time.
The bacterial pellets were fully thawed by the time they were removed
from the Cytomat storage units by the Precise arm and placed on the
MultiFlo dispensers. Components of the QIAprep 96 Turbo Miniprep kit
(cat. #27193; Qiagen, Valencia, CA) are used to extract and purify plas-
mid DNA. The two Multiflo dispensers on the station are used to add
re-suspension Buffer P1 (250 uL) containing RNase A and LyseBlue to
the bacterial pellets, Buffer P2 to lyse the cells (250 uL), and Buffer N3
(850 uL) to neutralize the lysate and precipitate the bacterial chromoso-
mal DNA (all buffers from QIAprep 96 Turbo Miniprep kit). The plates
are transferred to the BioShake units (2 mm throw) and mixed after ad-
dition of Buffer P1 (5 x g for 180 s), Buffer P2 (1 x g for 30 s) and Buffer
N3 (7 x g for 10 s).

The Biomek i7 hybrids are used to transfer (~700 uL) the bacterial
lysates to the 96W TurboFilter plates for filtration of the bacterial cellu-
lar debris by the PPD units (Fig. 1D). The white-colored collar was 3D-
printed in-house to improve separation between the TurboFilter plate
and the QIAprep Capture plate (Supplemental Fig. S2). Bacterial lysates
are forced through the TurboFilter plate by the PPD units at 400 mbar
of positive pressure for 30 s and the filtrate collected in the QIAprep
Capture plate.

We printed the collar using the MakerBot MethodX 3D printer (Dy-
namism, Chicago IL) and a Gen2 experimental extruder (TPLA Onyx
Black spool). The Cloudprint slicer was set to 70% infill with 2 mm wall
thickness, and a 1 mm removable raft using print material for support.
Warping was reduced by setting the chamber temperature of 50 °C and
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extruder conditions at 210c at 50 mm/s. We optimized flow rates by
adding small viewing ports to the prototype to allow for visual optimiza-
tion. The viewing ports were removed in the final print for strength. The
dimensions of the collar (Supplemental Fig. S2), and the script (*.stl)
used to print the collar is available (Supplementary information).

The grippers on the Biomek i7 hybrid units are used to discard
the TurboFilter plate, and to remove the custom-printed collar. Plas-
mid DNA is captured on the silica membrane of the QIAprep Capture
plate by forcing the cleared lysate through the plate at a pressure of 55
mbar for 60 s. The flow through is sent to waste. The filters are washed
two times with 900 uL of the Buffer PE wash buffer (QIAprep 96 Turbo
Miniprep kit) drawn from the self-filling reservoirs and applied to the
QIAprep Capture plate by the Biomek i7 hybrid. In each case the Buffer
PE wash buffer is allowed to sit on the filters for five minutes prior to
push-through. Positive pressure of 75 mbar for 150 s is used for the first
wash and 75 mbar for 60 s is used for the s wash. A final blow-through
at 5000 mbar for 180 s is done to remove any residual Buffer PE wash
buffer prior to plasmid elution.

For the plasmid elution step, the Biomek places a 96-well microtiter
collection plate at the base of the PPD units, followed by the Amplius
96-well adaptor and the QIAprep Capture plate on top. Elution Buffer
(EB) (QIAprep 96 Turbo Miniprep kit) is added (80 uL) to the center of
the silica membrane at the bottom of the QIAprep plate by the Biomek
i7 liquid handlers and incubated for five minutes to hydrate the mem-
brane prior to the addition of another 50 uL of EB. Eluants are collected
following application of 25 mbar of positive pressure for 120 s and then
1000 mbar for four seconds.

The AMPS determined DNA absorbance measurements by transfer-
ring 8 uL of plasmid eluants into 32 uL of water in 96-well Half Area UV-
Star microplates (Greiner Bio-One, Monroe, NC) and reading the plates
on the SPECTROstar Nano reader. Plasmid concentrations are calculated
in DART, and the Biomek Span-8 pipettor is used to normalize and mix
the LC and HC plasmids at the correct concentrations for downstream
expression in CHO cells. The 8-Span pipettor back-fills the wells to a
final volume of 15 uL with water. Long-term DNA storage plates are
prepared by mixing 5 uL of plasmid DNA (regardless of concentration)
into 20 uL of TE buffer pH 7.0 buffer (#AM9861, Invitrogen, Carlsbad,
CA) into 384-well plates using the Biomek i7 multichannel head and the
plates stored at -80 °C.

The station can extract and purify plasmid DNA from twenty 96-well
plates of overnight E. coli cultures and quantify DNA yields in about six
hours, and then normalize and mix the LC and HC plasmids for down-
stream CHO expression in an additional two hours. After loading the
Qiagen kit components and the plasticware required to execute the pro-
cedure, the system is run in a completely operator-independent manner.

Off-line plasmid purification and quantification

We purified plasmids from E. coli plates prepared at the same time
as those used on the AMPS using the QIAprep 96 Turbo Miniprep kit in
an off-line mode. Off-line Biomek liquid handlers add the re-suspension,
lysis, and neutralization buffers. Plates were vortexed after adding the
re-suspension buffer to the pellets and inverted gently 3-5 times after
addition of the lysis and neutralization buffers, with care being taken to
ensure that the addition of the neutralization buffer occurred within five
minutes of cell lysis. We found that centrifugation of the plates at 2862
x g for ten minutes after addition of the neutralization buffer aids in the
transfer of the lysates to the TurboFilter plates. Lysates were filtered,
plasmids bound to the QIAprep Capture plate and filters washed with
the Buffer PE wash buffer using a vacuum apparatus as suggested by the
manufacturer. We removed trace amounts of wash buffer by including
an additional centrifugation step (2862 x g for ten minutes) prior to elu-
tion of plasmids. Elution volumes (EB Buffer) and incubation times were
as described on the AMPS, except we collected eluants by centrifuga-
tion (2862 x g for five minutes). We determined DNA absorbance values
using either an off-line SPECTROstar Omega reader (BMG Labtech) or
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an off-line NanoDrop 8000 reader (ThermoFisher Scientific, Waltham,
MA). The Qiagen Plasmid Megaprep kit (#12181) was used for large-
scale purification of the same plasmid used in the 96-well experiments
from a 500 mL overnight E. coli culture. Plasmids were electrophoresed
on a 1% agarose gel (#1613044, BioRad, Hercules, CA) for 60 min at
100 V and visualized by staining with ethidium bromide.

Antibody expression in CHO cells

In preliminary experiments, plasmids encoding the LC (kappa con-
stant) and HC (IgG4 constant) of the control antibody, were mixed at
ratios ranging from 200 ng to 1600 ng (Supplemental Fig. S4) in 96-
deep-well Master-blocks (Greiner Bio-One) using the Lynx LM I800 VVP
(Variable Volume Pipettor) dispenser (Dynamic Devices, Phoenix, AZ).
When comparing antibody titers following transfections of plasmid pu-
rified on the AMPS with those off-line the LC and HC plasmids were
mixed at a ratio of 600:600 ng (original protocol) or 1400:1200 ng (op-
timized). We transiently transfected CHO cells using Transfection Grade
Linear Polyethylenimine Hydrochloride (PEI) with a molecular weight
of 40,000 (Polysciences, Warrington, PA) essentially as described pre-
viously [20]. Six days post-transfection the plates were centrifuged to
pellet the CHO cells and supernatants containing the expressed antibod-
ies harvested.

Quantification of antibodies

The CHO supernatants were diluted 1:5 in PBS pH 7.4 (ThermoFisher
Scientific) into 40 pL final volume for each sample in a Tilted-bottom
(TW384) Microplate (Sartorius). We determined antibody concentra-
tions using Protein G (ProG) Dip and Read Biosensors (Sartorius) on the
high-throughput Octet HTX bio-layer Interferometer instrument (Pall
Corporation, Port Washington, NY). Sample values were fit to a human
IgG4 reference curve and final antibody concentrations calculated using
the Data Analysis HT (ver. 10) software embedded in the instrument.

Results

The AMPS is designed to execute the following tasks: (i) extraction
and purification of plasmid DNA from E. coli pellets, (ii) quantification of
plasmid yields, (iii) replica stamping of DNA plates for long-term storage
(-80 °C), and (iv) normalization and mixing of plasmids encoding anti-
body LC and HC sequences for expression in mammalian cells (Fig. 2).
Prior to full deployment of the AMPS in our antibody discovery work-
flows, we sought to compare plasmids yields, DNA quantification proce-
dures and antibody titers following transfection in CHO cells using plas-
mids purified on the AMPS to our standard off-line procedures. We used
the same batch of 96-deep-well plates containing E. coli pellets prepared
as described in the Qualification of the Automated Workstation section of
the Material and Methods for each experiment comparing on-line and
off-line protocols.

Super-coiled plasmid DNA is required for optimal expression of pro-
teins in mammalian cells [23,36]. Initial experiments on the AMPS re-
vealed primarily plasmids in the relaxed or nicked form and these plas-
mids yielded significantly lower antibody titers compared to those pu-
rified off-line following transfection in CHO cells (Supplemental Fig.
$3). As a result, we optimized parameters for each step of the AMPS pu-
rification protocol as outlined in the Material and Methods section. Ho-
mogenous re-suspension of the E. coli pellets on the BioShake units after
addition of Buffer P1 is important for maximal plasmid yields. Complete
cell lysis with Buffer P2 and thorough neutralization after addition of
Buffer N3 is monitored by the loss of color from the LyseBlue reagent
added to Buffer P1. Conditions are carefully controlled to minimize plas-
mid nicking due to prolonged exposure to alkaline Buffer P2, while rel-
atively gentle mixing on the BioShake units ensure negligible bacterial
chromosomal DNA contamination in the plasmid preparations due to
shearing.
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Fig. 2. Workstream executed on the AMPS. Overnight cultures of E. coli grown in 96-deep-well plates are pelleted by centrifugation and the culture media removed
by inverting the plates and blotting the plate tops on paper towels off-line (yellow box). Plates containing the pellets are placed on the system and plasmids purified
using a commercially available kit and established protocols. Station outputs (green boxes) include elution plates containing the plasmids, 384-well plates for long-
term DNA storage at -80 °C, and 96-deep-well plates containing LC and HC plasmids normalized and mixed for expression in CHO cells. Plasmid volumes required
for optimal expression are calculated in DART and based on absorbance readings at 260 nm as determined on the station’s SPECTROstar Nano reader. All buffers are

from the QIAprep 96 Turbo Miniprep kit.

Complete removal of the buffers used in the re-suspension, lysis, neu-
tralization, and wash steps is important to ensure efficient DNA:PEI com-
plex formation and optimal antibody expression in CHO cells. In our
standard off-line protocol, the QIAprep Capture plates are centrifuged
at 2862 x g for ten minutes to ensure complete removal of residual plas-
mid extraction and wash buffers. We tested several strategies designed to
minimize contamination of extraction and wash buffers during the plas-
mid elution step on the AMPS. This included (i) incubating the Buffer
PE wash buffer with the filters for five minutes prior to push-through
(PE + 5 min), (ii) washing the filters two times with 1500 uL (PE-1500
uL), and (iii) implementing a third wash (3X-PE). Finally, we imple-
mented a two-step plasmid elution protocol to maximize plasmid yields.

Plasmid topology

In mammalian cells expression of proteins encoded on extra-
chromosomal DNA requires plasmids to maintain a super-coiled topol-
ogy. Consequently, we compared relative amounts of super-coiled DNA
purified on the AMPS using the QIAprep 96 Turbo Miniprep kit to those
obtained using the standard off-line protocol executed by two different
operators. To this end LC (7 kbp) and HC (7.7 kbp) plasmids purified off-
line, or on the AMPS using a variety of wash conditions, were normalized
to 500 ng, and electrophoresed on an agarose gel and visualized to com-
pare plasmid topology (Fig. 3). As expected, commercial preparations
(Aldeveron, Fargo, ND) of the control plasmid purified by chromatogra-
phy (Lanes 3 and 11), or from the Qiagen Megaprep kit (Lanes 4 and 12)
gave predominantly super-coiled plasmid. Significantly, similar relative
amounts of super-coiled DNA were also obtained if the plasmids were
purified off-line by the two operators (Lanes 5-6 and 13-14), or on the
AMPS (Lanes 7 and 15). Interestingly, treatments designed to remove
traces of extraction and wash buffers including PE + 5 min, PE-1500
uL, or 3X-PE had minimal effects on the amounts of super-coiled plas-
mid relative to the nicked (relaxed) and linear forms (Lanes 8 and 16,
Lanes 9 and 17, and Lanes 10 and 18 respectively). The absence of a
distinct band above that of the relaxed nicked plasmid suggests no sig-
nificant contamination of bacterial genomic DNA, while the absence of
smearing suggests minimal RNA contamination.

Plasmid purity and yields

Plasmid yields are typically determined based on absorbance read-
ings at an ultraviolet wavelength of 260 nm. DNA purity is commonly
assessed by determining ratios obtained from absorbance measurements
taken at 260 nm and 230 nm (OD260/0D230), or 260 nm and 280 nm
(0OD260/0D280). For DNA, an OD260,/0D280 ratio of 1.8-1.9 is opti-
mal. A ratio of < 1.7 suggests protein contamination, while a value >
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2.0 suggests remnants of the basic solution used to lyse the cells [37,38].
In contrast, a OD260/0D230 ratio of 2.0-2.2 suggests plasmid prepara-
tions that are free of substantial contamination with organic compounds
such as guanidine HCl/guanidine (QIAprep kits), phenol or the Trizol
reagent. To determine the yields and purity of plasmids produced on
the AMPS, we measured absorbance values at wavelengths of 230, 260
and 280 nm off-line using the NanoDrop 8000 reader.

The OD260,/0D280 ratios of all LC and HC plasmids purified on the
AMPS were consistently within the acceptable range (1.8-1.9), regard-
less of the elution treatment and furthermore were similar to those ob-
tained by two different operators using the standard off-line protocol
(Table 1). In the case of the LC plasmid, the off-line miniprep proto-
col, as well as a five minute incubation in Buffer PE wash buffer (PE+5
min), or a 1500 uL PE wash (PE-1500) all returned plasmid prepara-
tions with OD260/0D230 ratios within the acceptable range (2.0-2.2).
In contrast, LC plasmids purified on the AMPS without modification of
the wash protocol (AMPS), or with an additional wash (3X-PE) gave
0D260/0D230 ratios significantly less than 2.0. In the case of the HC
plasmid, the OD260/0D230 ratios for plasmids purified off-line varied
from 1.9-2.1, while plasmids purified on the AMPS were all 2.1 regard-
less of wash buffer treatment. Significantly, the well-to-well variation in
0D260/0D230 ratios was lowest with the PE + 5 min treatment rela-
tive to other procedures on the AMPS; particularly in the case of the LC
plasmid.

Plasmid DNA yields obtained by both operators using the standard
off-line protocol were similar and averaged 219 ug/mL for the LC
and 210 ug/mL for the HC plasmid. Plasmid concentrations for the
LC chain were 10-20% less on the AMPS relative to those off-line. In
contrast, except for the PE-1500 pL treatment, DNA concentrations for
the HC plasmid were higher 35-45% higher on the AMPS station. The
0D260/0D280 and OD260/0D230 ratios for the HC plasmid on the
AMPS were within the recommended range suggesting that contamina-
tion with RNA or organic-based purification buffers do not explain the
elevated readings at 260 nm. In the case of both the LC and the HC
plasmids, DNA concentrations of individual wells were slightly greater
when plasmids were purified on the AMPS than off-line.

In the off-line protocol, residual Buffer PE wash buffer is removed
from the QIAprep Capture plates by centrifugation and blotting of the
nozzles on absorbance paper, while on the Amplius PPD units, a final
blow-out at 5000 mbar for 180 seconds is used to remove residual buffer.
Despite using the same total volume of Elution Buffer (130 uL), the off-
line protocol typically returned 100 uL of final elution volume, while
the AMPS station returned 80-90 pL. In the case of the LC plasmid, the
total yields for the AMPS station were 30-40% lower than the average
of the two off-line operators, while the yields of the HC plasmids were
generally similar.
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Fig. 3. Topology of plasmid DNA extracted and purified on the AMPS. Plasmid DNA (500 ng) was electrophoresed on a 1% agarose gel. Marker DNA is in Lane
2, and interpretation of the different plasmid topologies indicated on the far right (sc denotes super-coiled marker DNA). Treatments are as follows: plasmid DNA
purified by chromatography by an external commercial enterprise (Lanes 3 and 11), DNA purified using the Qiagen Plasmid Megaprep kit (Lanes 4 and 12), DNA
purified off-line by Operators #1 and #2 (Lanes 5 and 6 and 13 and 14), plasmids purified on the AMPS (Lanes 7 and 15), DNA purified on the AMPS with the added

treatment of allowing the PE wash buffer to contact the membrane on the QIAprep Capture plates for 5 min prior to push-through (Lanes 8 and 16), washing the
membranes with 1500 xl of buffer (Lanes 9 and 17), or introduction of a third Buffer PE wash (Lanes 10 and 18). Plasmids encoding the HC and LC chains of the
control antibody are indicated. Expected size of the HC super-coiled plasmid is 7.7 kilo base pairs, and that of the LC 7.0 kilo base pairs.

Table 1
Absorbance ratios and yields of plasmids purified on the AMPS.
LC plasmid
0D260/0D280 0D260/0D230 Concentration (ug/mL) Total yield (ug)
Average SD Average SD Average SD Relative to 014024 Average SD Relative to 01+02
Off-line Op. #1? 1.9 0.01 2.1 0.02 234.0 14.8 1.0 28.1 1.8 1.0
Off-line Op. # 2" 1.9 0.01 21 0.03 205.1 13.2 24.6 1.6
AMPS AMPSc 1.8 0.16 1.7 0.44 201.2 32.7 0.92 18.1 2.9 0.69
PE + 5 min 1.9 0.03 2.0 0.12 198.9 39.6 0.91 17.9 3.6 0.68
PE - 1500 ul 1.9 0.06 2.0 0.22 178.8 63.1 0.82 16.1 5.7 0.61
3X-PE 1.9 0.11 1.8 0.35 187.5 42.6 0.85 16.9 3.8 0.64
HC plasmid
0D260/0D280 0D260/0D230 Concentration (ug/mL) Total yield (ug)
Average SD Average SD Average SD Relative to 01+02¢ Average SD Relative to 01+02
Off-line Op. #1° 1.9 0.01 2.1 0.15 216.2 15.3 1.0 259 1.8 1.0
Off-line Op. #2° 1.9 0.02 1.9 0.25 203.9 16.9 249 2.0
AMPS AMPSc 1.9 0.01 2.1 0.06 305.4 54.8 1.45 27.5 4.9 1.08
PE + 5 min 1.9 0.02 2.1 0.03 283.1 44.0 1.34 25.5 4.0 1.00
PE - 1500 ul 1.9 0.01 21 0.07 239.9 11.2 1.14 21.6 1.0 0.85
3X-PE 1.9 0.01 2.1 0.02 304.7 325 1.45 27.4 2.8 1.08

a Off-line values from operator #1 (Op.) represent the averages from 8 wells.

b Off-line values from operator #2 (Op.) represent the averages from 24 wells.

¢ Each of the treatments on the AMPS represent the averages from 8 wells.

d DNA concentrations and total yields from the two operators (Op.) were averaged and used as a reference for DNA yields of plasmids purified on the AMPS station.

In summary, the AMPS with a five minute incubation of the Buffer
PE wash buffer prior to push-through (PE + 5 min) consistently provided
plasmid preparations that were free of RNA and organic buffer contam-
inants, and at adequate concentrations and yields to perform multiple
small-scale CHO cell transfections in support of early-stage discovery
screening assays.

Antibody titers

Maximal transient expression of proteins from extra-chromosomal
plasmid DNA in CHO cells requires that the plasmid be super-coiled, that
it can be accurately quantified, and that the preparation is free of con-
taminants that can interfere with efficient PE:DNA complex formation.
We confirmed that the station could provide sufficiently high-quality
plasmid DNA to allow for protein expression in CHO cells prior to full
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integration of the AMPS into our discovery workflows. Consequently,
we compared control antibody titers following CHO transfection with
LC and HC plasmids purified on the AMPS to those provided by two
operators using the standard off-line protocol (Table 2). Antibody titers
were compared at a LC and HC plasmid ratio of 600:600 ng (original
protocol), as well as at a ratio of 1400:1200 ng (optimized), since in a
matrix-type experiment we demonstrated that higher amounts of plas-
mid DNA resulted in higher antibody production while still economizing
the amounts of HC plasmid needed (Supplemental Fig. 4S).

The average titers of the control antibody from the two operators
were as expected (190 ug/mL) following transfection of CHO cells in a
96-well plate format with 600 ng each of the LC and HC plasmids puri-
fied off-line. An increase in DNA transfection amounts to 1400 ng:1200
ng (LC:HC) resulted in a 2.5-fold increase in antibody titers. At both
DNA concentrations, plasmids purified on the AMPS with a five minute
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Table 2
Antibody titers from plasmids purified on the AMPS.
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Antibody Titers (LC:HC plasmid ratio of 600 ng:600 ng)*

Antibody Concentrations (ug/mL)

Yields relative to (01 +02)

Average SD
Off-line Operator 1 166.8 12.8 1.00¢
Off-line Operator 2" 211.8 20.2
AMPS AMPS 165.6 59.5 0.87
PE + 5 min 177.5 34.2 0.94
PE - 1500 ul 140.8 52.7 0.74
3X-PE 147.2 25.4 0.78
Antibody Titers (LC:HC plasmid ratio of 1400 ng:1200 ng)
Antibody Concentrations (xg/mL) Yields relative to (01 +02)
Average SD
Off-line Operator #1 490.3 29.0 1.00
Off-line Operator #2 597.6 33.1
AMPS AMPS 487.9 154.0 0.90
PE + 5 min 521.8 81.6 0.96
PE - 1500 ul 410.3 138.8 0.75
3X-PE 444.0 62.8 0.82

a Antibodies in the CHO supernatants were quantified 6 days post-transfection.

b Off-line values represent an average of 24 wells. Values reported for all treatments on the AMPS are an average of 8 wells.
¢ Antibody concentrations from plasmids purified off-line by the two operators are averaged and used as a reference for antibody titers yielded by plasmids purified

on the AMPS.

incubation of the Buffer PE wash on the QIAprep Capture plates prior
to push-through (PE + 5 min) yielded the highest antibody titers on
the AMPS. Importantly, these titers were equivalent to those obtained
from plasmids purified off-line. Although a third wash with the Buffer
PE wash buffer (3X-PE) resulted in slightly less well-to-well variability
in antibody titers within a plate relative to the PE + 5 min treatment,
average antibody yields following a third wash were significantly lower
than those obtained off-line.

DNA quantification on the AMPS

Maximal antibody titers following transient transfection of CHO cells
in a 96-well plate format are highly dependent on accurate quantifica-
tion of plasmid DNA and correct LC:HC plasmid ratios (Supplemental
Fig. S4). After purification on the AMPS, plasmids are diluted 5-fold
in water and the absorbance at 260 nm measured on-line on the SPEC-
TROstar Nano reader. The DART database is configured to calculate the
DNA concentration and generate a LC:HC plasmid normalization and
mix file for subsequent transfection and expression in CHO cells. The
Span-8 pipettor on the Biomek i7 liquid handler is used to mix the two
plasmids at the correct concentrations and to back fill each well with
water to a final volume of 15 uL.

To confirm the accuracy of the 5-fold plasmid dilution step on the
Biomek i7 liquid handlers prior to obtaining the absorbance measure-
ments, we purified LC and HC plasmid DNA from five 96-well plates
each using the AMPS. Plasmid concentrations from Column 1 of all ten
plates were determined using an off-line NanoDrop 8000 reader. We
then diluted all the plasmid samples in the ten 96-well plates 5-fold on
the AMPS using the Biomek i7 MultiChannel heads and read the same
80 samples from Column 1 again on the NanoDrop 8000 reader. The
mean difference between the observed plasmid concentration after the
5-fold dilution and the expected concentration was -1.18 ug/mL with a
95% confidence interval of -1.17 to -1.19 (Fig. 4A). The corresponding
standard deviation of the differences was 1.97 (or 4.8% RSD) with a
Pearson correlation value of 0.97, thus confirming the accuracy of the
plasmid dilution step by the Biomek i7 liquid handler on the AMPS.

After 5-fold dilution, the plasmid concentrations of all ten plates
were determined by the SPECTROstar Nano reader on the AMPS. The
NanoDrop 8000 reader was used to confirm plasmid concentrations for
samples in Column 10 across all ten plates. The average concentration of
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the diluted samples on the SPECTROstar Nano reader was 38.8 ug/mlL,
while that of the NanoDrop 8000 reader was 36.3 ug/mL. The DNA con-
centrations determined by the SPECTROstar Nano reader and the Nan-
oDrop 8000 reader had a mean difference of -2.49 ug/mL with a 95%
confidence interval of -0.16 to 0.16 (Fig. 4B). The corresponding stan-
dard deviation of the differences was 2.86 (or 7.4 % RSD) with a Pearson
correlation value of 0.92. The close correlation between the two readers
validated the correct calibration and functionality of the SPECTROstar
Nano reader on the AMPS.

Consistency of plasmid yields across a twenty plate run

To demonstrate the uniformity of plasmid purification within a plate
and between plates, we processed twenty 96-deep-well plates on the
AMPS. LC or HC plasmids were purified from ten 96-deep-well plates
each, diluted 5-fold, their absorbance measured at 260 nm, and plasmid
concentrations calculated in DART. All 20 plates were processed in a
completely operator-independent manner. We observed no mechanical
issues on the AMPS during the eight hour run.

The average LC plasmid DNA concentration for each of the ten plates
(n=96) ranged from 129.0-138.6 ug/mL, with standard deviations (SD)
ranging from 9.8-13.1, and percent relative standard deviation (%RSD)
ranging from 7.5%— 9.8% (Table 3). On a per plate basis, average elu-
tion volumes ranged from 86 ul—- 89 uL, yielding 11.2 ug-12.1 ug of
DNA/well. Across the ten plates (n=960), the average LC plasmid con-
centration was 132.5 yg/mL, (SD = 12.1, %RSD = 9.1), with an aver-
age plasmid yield of 11.6 ug/well. In the case of the HC plasmids, the
average concentration for each plate (n=96) ranged from 135.2- 151.0
ug/mL, with standard deviations (SD) ranging from 11.9- 22.7, and per-
cent relative standard deviation (%RSD) ranging from 8.2%—15.3%. Av-
erage elution volumes ranged from 82 uL- 84 L, yielding 11.1-12.5 ug
total DNA/well. Across the ten HC plasmid plates (n=960), the average
plasmid concentration was 142.3 ug/mL, (SD = 16.0, %RSD = 11.2),
with an average total plasmid yield of 11.8 ug/well. The reason for the
slightly higher HC plasmid yields and greater variation in concentrations
relative to that of the LC plasmid might be due to inherent differences
in plasmid size, or the presence of the glutamine synthetase gene on the
LC plasmid. In addition, slight differences in the performance of the PPD
units have been observed when the units are run simultaneously. Slight
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Fig. 4. Dilution and quantification of plasmid DNA on the AMPS. (A) Plasmids encoding the LC and HC sequences of a control antibody were purified from ten
96-well plates, and DNA concentrations of samples from Column 1 of the 96-well microtiter plates determined off-line using the NanoDrop 8000 reader (80 samples).
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Table 3
Plasmid DNA purified on the AMPS from twenty 96-well plates of E. coli pellets.

Light Chain plasmid concentration DNA yield/well Heavy Chain plasmid concentration DNA yield/well
(ug/mL) (ug)? (ug/mL) (ug)
96-well plate Average SD %RSD 96-well plate Average SD %RSD
LCP - Plate 1 129.0 10.4 8.0% 11.5 HC - Plate 1 143.9 129 8.9% 12.2
(n=96) (n=96)
LC - Plate 2 129.0 9.8 7.6% 11.5 HC - Plate 2 135.2 13.2 9.7% 11.5
LC - Plate 3 126.7 11.1 8.7% 11.3 HC - Plate 3 144.8 11.9 8.2% 12.0
LC - Plate 4 137.0 11.2 8.2% 12.1 HC - Plate 4 136.1 15.6 11.4% 11.1
LC - Plate 5 130.3 12.0 9.2% 11.3 HC - Plate 5 148.7 22.7 15.3% 12.2
LC - Plate 6 134.0 13.1 9.8% 11.6 HC - Plate 6 138.3 14.1 10.2% 11.4
LC - Plate 7 134.3 13.1 9.7% 11.8 HC - Plate 7 136.5 12.9 9.5% 11.1
LC - Plate 8 138.6 11.8 8.5% 12.1 HC - Plate 8 148.8 13.3 8.9% 12.2
LC - Plate 9 137.0 10.2 7.5% 11.8 HC - Plate 9 139.2 15.4 11.0% 11.4
LC - Plate 10 129.3 11.6 9.0% 11.2 HC - Plate 10 151.0 15.2 10.1% 12.5
LC plasmid 132.5 12.1 9.1% 11.6 HC plasmid 142.3 16.0 11.2% 11.8
average average
(n=960) (n=960)

2 Elution volumes are estimated by weighing each plate before and after elution.
b plasmid encoding the light chain (LC) and heavy chain (HC) of the control antibody.

differences in the performance of the PPD units would be particularly
relevant during the elution step.

In the case of both the LC and HC plasmids, the AMPS provided con-
sistent antibody titers within a 96-well plate, as well as between the
ten plates containing the same plasmid (LC or HC). Maximal antibody
titers following transfection of CHO cells in a 96-well plate format re-
quires up to 1.4 ug of the LC plasmid and 1.2 ug of the HC plasmid. The
AMPS provides sufficient plasmid yields and at adequate concentrations
for multiple CHO transfections, enabling multiple high-throughput an-
tibody screening campaigns for both binding and function.
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Discussion

Here we present the successful design, qualification, and enablement
of a fully integrated plasmid DNA miniprep station capable of purifying
plasmids from twenty 96-deep-well plates of E. coli pellets, quantifying
the DNA, and preparing plates for downstream expression in CHO cells.
All these operations can be completed in a fully operator-independent
manner. Plasmid concentrations and total yields on the AMPS are similar
to those obtained off-line using the same commercially available kits
and manufacturer’s suggested protocols. Plasmid preparations are free
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of significant bacterial chromosomal DNA and cellular RNA, as well as
the buffers used in the plasmid purification process. Most importantly,
to ensure sufficient material for downstream screening assays, plasmids
purified and mixed for CHO expression on the AMPS provide similar
antibody titers to those obtained using plasmids purified off-line.

Plasmids are used in many aspects of recombinant DNA work includ-
ing expression of recombinant proteins, biotherapeutic antibody discov-
ery and engineering efforts, genome engineering, and protein mode-of-
action studies. Plasmids containing DNA fragments of interest are typi-
cally amplified in bacteria such as E. coli and subsequent purification is
a relatively labor and time intensive endeavor; particularly when 1000s
of plasmids must be processed. To our knowledge this is the first report
of a fully integrated plasmid purification workstation using a 96-well
plate filter-based approach that can purify, quantify, and mix CHO cell
expression-grade plasmid miniprep DNA at a throughput of twenty 96-
well plates in a fully operator-independent manner.

The AMPS bridges upstream high-throughput molecular biology pro-
cedures and downstream CHO expression protocols. Numerous commer-
cially available high-throughput colony pickers can be used to pick E.
coli colonies from plates and inoculate liquid media in 96-deep-well
plates for overnight growth and subsequent plasmid purification on the
AMPS. The system is also aligned with downstream high-throughput
mammalian transfection protocols [22]. The plasmid purification pro-
tocols described herein are applicable across a wide range of biological
research disciplines where large plasmid banks are used including anti-
body discovery, protein engineering processes, biological mode of action
investigations, ORFeome studies and CRISPR/Cas screens.

We made four critical modifications to the QIAprep 96 Turbo
Miniprep protocol to allow for the processing of large numbers of 96-
well plates on the AMPS. The manufacturer’s protocol recommends gen-
tly mixing the plates by inversion after addition of the lysis buffer (Buffer
P2) and then again after addition of the neutralization buffer (Buffer
N3), with care being taken to ensure that lysates are neutralized within
five minutes of the lysis step. This procedure ensures minimal shear-
ing of bacterial chromosomal DNA which can co-purify with plasmid
DNA, and in addition prevents conversion of super-coiled plasmids to
the nicked or relaxed form by alkaline hydrolysis. Mixing plates by in-
version is one step of the process where we wanted to explore alternative
options that would be more straightforward to automate. Consequently,
in a first example of a protocol modification on the AMPS, thorough cell
lysis and neutralization were performed by gentle addition of buffers
using the Biotek Multiflo dispensers, and careful calibration of shaking
conditions on the BioShake units. We configured the scheduling soft-
ware to ensure that the lysis step was strictly limited to four minutes per
plate. Two additional examples of modifications from the off-line pro-
tocol include using the Amplius PPD units instead of centrifugation to
filter the neutralized lysate, as well as a high pressure blow-through step
on the PPD units in place of centrifugation and blotting to remove the
residual Buffer PE wash buffer. Finally, in the off-line protocol eluants
are recovered by centrifugation, while the Amplius PPD units are used
on the AMPS. Despite differences from the manufacturer’s suggested
off-line protocol, careful calibration of the Biomek i7 liquid handlers,
BioShake units and the Amplius PPD units on the AMPS allowed for
purification of plasmids that were >90% super-coiled, had low to unde-
tectable levels of cellular DNA and RNA, were free of extraction buffers,
and most importantly resulted in equivalent antibody titers.

The manufacturers introduced the Amplius PPD version 3 units and
the Cytomat SkyLine automated plate storage and delivery systems to
the market in the last two years and both instruments proved critical to
the success of the AMPS. The Amplius PPD units were used instead of
centrifugation or vacuum-applied pressure during the filtration, wash,
and elution steps of the plasmid purification protocol. The Amplius PPD
units provide the opportunity to perform automated Solid Phase Ex-
traction; a widely used procedure for separating analytes from complex
solutions. The device applies positive pressure to each well of a 96-well
microtiter plate independently allowing for even liquid flow across all
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wells of a plate regardless of whether some wells are empty, clogged, or
contain different volumes of liquid. The pressure applied to each well
from the reservoir above the plate can be carefully controlled allowing
for precise rates of liquid flow. The device can be fully integrated with
the Biomek i7 liquid handlers, providing rapid and facile execution of
fully automated workflows.

Processing twenty 96-well plates of E. coli pellets through plasmid
purification, DNA quantification, and preparation of CHO transfection
plates requires forty 96-well microtiter plates (for elution and DNA
quantification), ten 96-deep-well plates for CHO expression, twenty Tur-
bofilter and QIAprep Capture plates each, five 384-well plates for long-
term DNA storage, as well as P200 (n = 21) and P50 (n = 40) tip boxes
(Beckman Coulter Life Sciences). The Cytomat SkyLine storage unit con-
tains fourteen stackers and can house up to 728 microtiter plates, or any
combination of different plate and tip types. In addition, the units can
also house Turbofilter and QIAprep Capture plates. The high capacity
and versatility of the Skyline storage unit is achieved by stacking plas-
ticware of the same type directly on top of each other in the rack. A
plate lift within the presentation tower (Supplemental Fig. S1B) pro-
vides rapid access to plasticware housed in the stacks in a sequential
manner. The presentation tower of the Skyline storage unit is centered
in an open cavity between the two Amplius PPD devices on each half
of the AMPS and includes a Transfer Station on top of the unit which
removes the plasticware from the lift and presents it for access by the
gripper on the adjacent Biomek i7 liquid handler. The Skyline storage
units can also store plates containing purified plasmids and 96-deep-well
CHO transfection plates upon completion of the run. The large capac-
ity of the Skyline storage units, the versatility of their stackers, and the
ability to accept processed plates helped reduce the size of the AMPS.

In our hands, the QIAprep 96 Turbo Miniprep kit consistently pro-
vides predominantly super-coiled plasmids at high yields. Consequently,
we designed the AMPS to use these plates and directly compared off-line
and on-line purification procedures to enable and validate the AMPS.
We anticipate that with minor modifications in pressure and timing, the
AMPS could be used to purify plasmids from E. coli pellets using 96-well
filter-based kits from other commercial sources as well.

The AMPS takes about six hours to purify and quantify plasmids from
twenty 96-well plates, and another two hours to normalize and transfer
LC and HC plasmids to a separate set of plates that can be stored on
the system until transfected into CHO cells on a different workstation.
In contrast, off-line 96-well plasmid purification protocols are tedious
and typically take skilled operators 2 — 3 days to complete. The AMPS
throughput is well aligned to the current high-throughput antibody dis-
covery processes executed by scientists in the Automation Group and
provides them with the opportunity to work on other projects. The AMPS
could also be used to process samples collected from multiple scientists
throughout our facility, or even as a substitute for mid-scale plasmid
purification (100 — 900 ug) of replicate samples in a 96-well plate.
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