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Monitor and control your upstream

bioprocessing using a deployable MS
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INTRODUCTION

The applications of mass spectrometry in the pharmaceutical industry
have long been established. Mass spectrometers are highly versatile
and commonly used to identify reagents, products, contaminants, and
impurities from samples in drug research and development, scale-up,
and high volume manufacturing lines. However, the instruments are
normally large, power hungry, and expensive pieces of equipment oper-
ated in centralized laboratories by MS specialists. The new demands of
bioprocessing, used to make biologics, means that there is a need for
analytical instruments, such as mass spectrometers, to provide real-
time information (on-line and at-line) at the point-of-need. The infor-
mation-rich data provided by MS also helps to address the increased
complexities of bioprocessing.

We show how our deployable, and compact mass spectrometer sam-
pling the media from a bioreactor in real-time could provide important
process monitoring, and critical quality attributes of the product. This
information can then be used to maximize yields of biologics by opti-
mising the cell media, feeding, and harvesting strategies of the target
biologic being produced. In addition, MS point-of-need analysis pro-
vides timely safety assurance as any harmful PTMs of the product, and
other dangerous host cell proteins can be controlled and minimized
upstream.

FIGURE 1. Prototype mass spectrometer based on the Microsaic 4000 MiD® and MiDas sampling
interface unit.

EXPERIMENTAL

This work used a prototype system, which is based on our Microsaic
4000 MiD® mass spectrometer and MiDas sampling interface unit, and
is shown in Figure 1. The mass spectrometer has an adjustable mass
range between 50 and 3200 m/z, which allows both proteins, and small
molecules to be accurately identified.
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FIGURE 2. Experimental setup showing the various steps and functions of the MiDas and MiD to
analyse cell media and proteins.

The prototype interface unit would allow biological liquids from bioreac-
tors to be sampled, prepared, and separated into an easily ionizable
electrospray, and mass spectrometer compatible mobile phase. The
details of the experimental setup are shown in Figure 2, and representa-
tive work-flows of both biologic CQAs, and cell media monitoring are
shown in Figures 3 and 4.
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Sample load: Sample injected into MiDas sampling interface.

Sample preparation: Sample digest in a volume loop.

Sample separation 1: Digested sample introduced to mixer
and MS friendly mobile phase.

Sample separation 2: Microsaic desalter to remove salts.

Sample ionization: Electrospray using Spraychip ®.

MS data acquired (m/z 200-3,200).

MS data automatically deconvoluted and most probable mass
value with Quality Index calculated.

Automated work-flow
MiD

Quantitated product
confirmation and
concentration.

Negative product so can
intervene/stop
bioprocessing.

FIGURE 3. Work-flow of biologic products monitoring in upstream bioprocessing.
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Take small cell media sample from bioreactor (<5 mL) into flask.

Draw sample into syringe from flask.

Sample load: Sample injected into MiDas sampling interface.

Sample separation 1: Sample introduced to mixer and MS
friendly mobile phase.
Sample separation 2: Desalter to remove salts.
Sample ionization: Electrospray using Spraychip ®.

MS data acquired (m/z 50-800).

MS data automatically analyzes mediafeed and compares

changes in critical nutrients, biologics, HCPs and metabolites.

Quantitated products, HCPs
and metabolites allows
biologics to be optimally
harvested.

Quantitated nutrients in cell
media allow feed to be
optimised in real-time.

FIGURE 4. Work-flow of cell media monitoring in upstream bioprocessing.

RESULTS AND DISCUSSION

Representative proteins were sampled and tested using the same set-up
for the cell media testing. Figure 5 shows the mass spectra of different
proteins where important CQAs can be easily obtained using our real-
time analysis tool. One example, also shown in Figure 5, is the automatic
protein mass finder. This tool translates the information-rich data provid-
ed by the MS into an easy to understand data set, consisting of the most
prominent protein mass and a ‘Quality Index’ for each mass. The index
providing an easy to understand certainty of the protein’s mass, and the
quality of the input data. This data reduction allows data from the MS to
be easily understood and allows operation of the MS close to the point of
need by the non-expert.

A representative sample of cell media was sampled and analyzed. A
typical mass spectrum is shown in Figure 6, clearly identifying 5 compo-
nents of the media mix. The chemical information can then be used to
control the bioprocess by optimizing the media, feeding, and harvesting
strategies.

CONCLUSION

Microsaic has demonstrated that deployable mass spectrometry has the
potential to be used for real-time point-of-need applications in upstream
bioprocessing:

Cell media make-up optimization.

o Cell media monitoring and feeding.
® Biologic product CQA monitoring.
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FIGURE 5. At-line biologic product CQA monitoring in upstream bioprocessing (a) Ovalbumin (b)
Insulin and (c) GFP his-tagged. bioprocessing (a) Ovalbumin (b) Insulin and (c) GFP his-tagged.
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FIGURE 6. At-line biologic product CQA monitoring in upstream

The Microsaic product solution provides biopharma with a valuable
tool to help the industry make cheaper, and safer biologics.

UNLEASH THE POWER OF MS INTO YOUR
BIOPROCESS

Microsaic welcomes approaches from biopharma, and OEM part-
ners to discuss their particular requirements.
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