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Introduction

Results

The liquid handling contribution to assay variability is often underappreciated yet can have a signiﬁcant impact on data quality. Many laboratories
rely on pipetting precision alone to assess and mitigate assay variability. However, both the accuracy and precision of the liquid handler need to be
considered. In addition to liquid handler calibrations and veriﬁcations, other facets of the assay workﬂow should be evaluated in order to reduce overall assay variability. For example, assay mixing, plate washing eﬃciencies, disposable tip lot-to-lot measurement, and pipetting viscous solutions are
all integral parts of an assay workﬂow and can severely impact the data quality. Another consideration is liquid class optimization for an automated
liquid handler, whereby default values are typically selected during transition from manual assay to an automated platform. This poster demonstrates
the eﬀect of variability of various assay workﬂow steps and how to assess them through an approach called process optimization. By assessing a complex assay workﬂow in this manner, the assay variability can be improved. This can be particularly important when planning for a transfer from manual
operation to automated systems. Case studies involving complicated assay workﬂows (e.g., ELISA and qPCR) are presented.

ELISA

The model ELISA we chose to study was designed to quantitate the monoclonal antibody therapeutic, Rituximab. In this project, we perturbed
volumes at various liquid handling steps in order to measure their eﬀect on assay performance. This included capture antibody, analyte (Rituximab),
detection antibody, substrate, and stop solution.
The second model assay consisted of qPCR for quantitative measurement of the Nu1 gene in bacteriophage lambda. With the qPCR assay we were
especially interested in evaluating master mix, which is of signiﬁcantly higher viscosity than water, low volume transfers at <10 µL and mixing at these
low volumes.
By evaluating the eﬀect of volume variability, we were able to demonstrate that some steps aﬀected the assay, while others did not. This methodology
can help the user to pinpoint which assay steps are critical for success during a transfer. It also allows the user to make the necessary corrections to
the liquid handler be taking a proactive stance.

qPCR

Methods
ELISA Protocol

Experimental Set-up:

1) 100 µL Capture antibody (BioRad HCA186); coat overnight at 4°C

• The performance of epMotion and Biomek NXP liquid
handlers were veriﬁed by ArtelMVS
• Volume intentionally changed by ±10% at
highlighted steps above, e.g., 90 and 110 µL
• Read plates and compare results

2) 200 µL Wash (Modiﬁed Dulbecco’s PBS Tween™-20 Buﬀer) 4x
3) 200 µL Block (ThermoFisher Blocker BSA in TBS); incubate at 37°C for 2h
4) 200 µL Wash 3x
5) 100 µL Rituximab analyte (R&D Systems MAB9575); incubate at 37°C for 1h
6) 200 µL Wash 3x

Note – all results are averages (n = 4) ± 1 standard deviation.

7) 100 µL detection antibody (BioRad MB2A4); incubate at 37°C for 1h
8) 200 µL Wash 3x
9) 100 µL substrate (ThermoFisher 1-Step™ Ultra TMB -ELISA Substrate);
incubate at room temp for 3-15 min
10) 100 µL stop solution (ThermoFisher N600); mix

Figure 1: Schematic
of sandwich ELISA
principle.

11) Read absorbance at 450 nm

The absorbance signal
is proportional to analyte
concentration.

qPCR Protocol

Experimental Set-up:

1) DNA source: Enterobacteria phage lambda

• The performance of epMotion liquid handler was veriﬁed
by Artel MVS
• Volume intentionally changed by ±20% at highlighted
steps above
• Read plates and compare results Note – all results are
averages (n = 6) ± 1 standard deviation.
• Master mix volumes ranged from 5 µL to 10 µL, while all
other reagent volumes were held constant as described in
the protocol.
• For the mixing study, we examined automated (Figure 7)
and manual mixing (Figure 8). For the automated mixing,
we also tested contribution of plate centrifugation, which
is a common step in qPCR protocols.

2) Gene target: Nu1
3) qPCR System: BioRad CFX384
4) qPCR Method: SYBR Green
5) Forward primer (5’CAGTATTCTCGACGG
GCTCC3’) Reverse primer (5’ CAGCAACCCCG GTATCAGTT 3’)
6) 10 µL master mix (iTaq Universal SYBR Green Supermix)
7) 0.5 µL forward primer (300 nM)
8) 0.5 µL reverse primer (300 nM)
9) 1 µL DNA sample (0.1 ng/µL target concentration)

Conclusions

11) Mixing = 4x asp/disp cycles, unless otherwise noted

Volume variability of key ELISA steps (e.g., substrate, stop, sample and detection antibody) signiﬁcantly aﬀected assay signal and thus quantitative
results. Although washing steps are not volume critical, they are a critical to successful ELISA performance. We currently have a solution to
measure plate washing eﬃciency.

12) Read using optimized qPCR ampliﬁcation cycle (Figure 1)

Our data indicates secondary interactions amongst diﬀerent liquid handling steps can compound assay variability.

10) 8 µL water

qPCR sample volume variability directly aﬀects the quantitative results. This is especially important when considering low abundance targets or
comparing treatment results. Measuring low volume liquid additions is not trivial and yet needs to be incorporated into automated assay workﬂows.
Figure 2: qPCR ampliﬁcation protocol.

Reagent mixing is important to qPCR assay accuracy and precision. Adding to the complexity is the low volume additions combined with blending
viscous solutions and aqueous solutions. A project is underway to develop a mixing veriﬁcation tool.
The eﬀect of master mix volume variability is dependent on DNA concentration.
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