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1. Simplifying DoE process for multifactorial optimisation

2. Factor selection and execution planning

•

To satisfy the quality target product profile (QTPP) for biologics like therapeutic proteins,
antibodies and viral vectors, scientists hoping to improve product quality, titre, cellular health
or scale-up will typically look to optimise the growth media. Studying more than 10 media
components is often desirable – but time-consuming and laborious if using a one-factor-at-atime (OFAT) approach, which can also be prone to missing ideal conditions (Figure 1).

•

12 factors were selected for investigation across the 3 DoE iterations:
• Tryptone (2–12 g/L)
• MgSO4 (0.2, 0.3 g/L)
• Shaking speed (80, 1000 rpm)
• Yeast extract (5–25 g/L)
• NaCl (0, 5 g/L)
• Inoculation volume (15, 30 µL)
• Glucose (0, 5 g/L)
• Rhamnose (0.5, 3.0 mM)
• Origin of replication (pBR322, pUC)
• Glycerol (0, 0.65% v/v)
• Growth temp. (25, 37°C)
• Harvest time (8, 24 hours)

•

Design of Experiments (DoE) is a more sophisticated method that allows simultaneous
investigation of multiple growth media and process variables (factors) and can reveal how
these factors interact1. Use of DoE within industry is still limited despite growing interest2,
likely due to the learning curve required for DoE planning and execution.

•

DoE design files were generated in the JMP® statistical software and then uploaded into a DoE
automation workflow in Antha (Figure 2).

•

•

The MANTIS® was selected for its small size, fitting easily into a microbial safety cabinet, and its
compatibility with deepwell plates for higher volume applications, such as preparing growth media.

Here we present a generalisable DoE process by combining the execution planning and data
management capabilities of the Antha software (Synthace Ltd) with the high-speed,
automated MANTIS® liquid dispenser (FORMULATRIX®).

•

To de-risk the physical execution, we used Antha to simulate each of the necessary liquid handling steps,
reducing the need for dry runs to validate automated DoE workflows (Figure 3).

•

Specifically, we demonstrate a 12-factor DoE to optimise growth media for the production
of eGFP as a proxy for a biologic product across 3 iterations in 3 weeks (Figure 4).

Figure 2. DoE automation workflow created in Antha. The dragand-drop interface was used to build this automation workflow
using customisable modules provided in the software.

Figure 1. OFAT is less powerful than
DoE. (A) OFAT method assumes that
factors do not interact and optimal
conditions are orthogonal, resulting
in sub-optimal process conditions.
(B) DoE’s statistical framework
considers interactions, orthogonality
and explores experimental design
space more efficiently. Resulting in a
greater understanding of the process
and likelihood of finding robust
optimal conditions.

Figure 3. Visual simulation in Antha of 825 liquid handling steps to set up
one of the 96-deepwell plates in the initial screening DoE. The “plates” on
the left are an abstract representation of the MANTIS® reagents rack. In
the last step of the simulation, any well can be selected to inspect all the
liquids added during the workflow.

3. Automated execution of 12-factor iterative DoE using a generalised process
•

The DoE presented here follows a generalised, iterative process combining software
and automation equipment (Figure 4).

•

1,298 unique experimental runs were executed across 3 DoE iterations investigating:
1) 12 factors for initial screening;
2) 4 factors with refined levels; and
3) Finally 3 factors to validate the optimised media and process conditions.

•

A total of 6,660, 1,414 and 1,717 liquid handling steps were respectively required for
the setup of the screening and optimisation DoE iterations across a total of thirteen
96-deepwell plates.

•

Antha allowed physical execution of these complex optimisations by taking care of:
• all planning steps, guiding the user on required stock concentrations, volumes and
labware, complete with a schematic of how to set up the instrument (Figure 3); and
• data structuring prior to statistical analysis (Figure 4B).

Figure 4. Generalised process for
iterative, automated DoE. (A) The
Antha software transforms inputs
from a statistical software (JMP®)
into liquid handling instruction files for
the MANTIS®. Antha then pools the
end-point time-course data from the
microplate reader and cleans the data
set for immediate analysis, including
replicate grouping, blank correction,
mapping of OD and fluorescence data.
(B) In more detail, over 100 individual
plate reader data files comprising 0, 2,
4, 6, 8 and 24-hour process readouts,
blanks, controls and cell density reads
were matched with execution run
information by Antha in order to
produce corrected cell density and
relative fluorescence signals in a
streamlined and automated fashion.

4. 5X yield increase after 3 DoE iterations in 3 weeks
•

5. Conclusions

By applying high-factor, iterative DoE using Antha with the MANTIS®, we were able to
satisfy our QTPP by increasing average total volumetric eGFP yield by 5X in comparison
to the control media (Figure 5).

•

Key factors included glucose and glycerol carbon sources, balancing of complex media
components, harvest time, growth temperature, shaking speed and the impact of
genetic factors, such as plasmid copy number.

•

In the final iteration, we refined rhamnose concentration and defined a robust autoinduction set up ready for scale-up.
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The user-friendly and cost-efficient set up of Antha and MANTIS® enabled DoE campaigns that would
otherwise be a major challenge.

•
•

The factors that impact eGFP production were identified in a highly efficient process.

•

Scientists in biologics discovery and upstream process development can adapt the generalised process
presented here to achieve better statistical significance in their experiments, fewer errors, more streamlined
data processing, less hands-on time and greater speed to scientific insight.

Estimating for a 96-run screening DoE in a 96-deepwell plate, combining Antha and the MANTIS® provided up
to a 74% time saving compared with either using an average pipetting robot instead, or without Antha (Figure
6). Furthermore, only 11 chips were required in the initial screening DoE (Figure 7).

Figure 6 (left). Up to 74% time saving made for 96-run screening DoE in a
96-deepwell plate when using Antha and MANTIS® together for planning,
execution and data aggregation for three DoE iterations. Expected times
are based on our in-house experience of manual implementation and
simulations in Antha.
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Figure 5. Optimisation of 12-growth media factors resulting
in 5X average increase in eGFP production in 3 weeks. A
custom screening design was used to generate a statistical
profile of the contribution of 11-factors on eGFP production
in the first iteration (DoE 1). Key factors contributing to
highest eGFP production yields were identified from DoE 1
and then modulated in the second iteration (DoE 2):
inoculation volume and concentrations of yeast extract and
rhamnose. Harvest time was also varied in DoE 2 to explore
whether a more economical 8-hour incubation would be
enough. All other factors remained fixed. DoE 2 had the
effect of increasing total eGFP yield by 2X on average over a
LB growth medium control. The third and final iteration (DoE
3) focused on critical process parameters: concentrations of
rhamnose and glucose, and shaking speed at multiple
harvesting points. Overall, results demonstrate a 5X increase
over the LB control in eGFP production.

•
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Figure 7 (below). Plastics usage in the first DoE iteration. 11 chips were
used by the MANTIS® to set up the media mixes in eight 96-deepwell
plates for the initial screening DoE (A). Simulations using an optimised
planner of the same experimental set-up in Antha showed that 7,592 tips
from 88 boxes would have been required by a pipetting robot for those
plates (B). (Not to scale, for illustration purposes only.)
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