





Inflection Temp [°C]

Arginin [mMol] = 0 Arginin [mMol] = 250 Arginin [mMol] = 500

Benzonase = no

Benzonase = yes
o
@

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 300 61
NaCl [mMol] NaCl [mMol] NaCl [mMol] o wf‘rgg‘zweh =no
0,

MODDE 12.1 - 12.10.2020 13:44:22 (UTC+2}

Figure 5: 4D response contour plot of unfrozen material - inflection temperature (screening model)

The evaluation of the data showed that the pH factorin this  Note that the complemented experiments (Table 4) and

model was of minor influence due to the high numerical the enhanced evaluation of the experimental results as
error. The pH was taken out as factor in this first step. described below reintroduced linear and quadratic terms
As aresult, the graph shows straight vertical contour for pH that were not visible at this stage.

lines without any slope.

Figure 6: 4D response contour plot of frozen material - inflection temperature (screening model)
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Figure 7: 4D response contour plot of unfrozen material - contamination < 50 kDa (screening model)
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Figure 8: 4D response contour plot of frozen material - contamination < 50 kDa (screening model)
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Figure 9: 4D response contour plot of unfrozen material - contamination > 50 kDa (screening model)
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Figure 10: 4D response contour plot of frozen material - contamination > 50 kDa (screening model)
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Complemented Model and Optimization

In order to get a better resolution for the higher-order terms, the experimental plan pH NaCl Freeze Benzonase®  L-arginine
was complemented by experiment C17-C21.Exp No

17 7 300 yes no 0

18 7 210 yes no 0]

19 7 210 yes no 250

20 7 30 yes no 250

Table 4: Complement experiments for initial screening design.

Additional responses for peak size and polydispersion
index were added to the evaluation to monitor the
difference between sample composition and particle
size after TFF.
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Figure 11: Summary of Fit (PLS) - complemented model

From the summary of fit plot of the resulting models, it
was obvious that the experimental evaluation should be
enhanced. The permeate flux response measurement at
the beginning of the filtration needed time to level off and
was error-prone due to one single value taken.

Instead of measuring the flow at one pointin time or taking
anintegral norm of the trajectory over time it, we decided
to describe the objective in a different way: find the set of
factors that gave the lowest times for concentration and
diafiltration. This was the description that led to a more
stable model for the flux optimization.
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Figure 12: Summary of Fit (PLS) - complemented model including updated responses

The EnPCs® titer measurement used in the first model was
stepping up by the power of two (result sorted into bins).
To get more accurate measurements, the grey-scale values
of the images generated for EnPCs® titer determination
were fed into a script to calculate the inflection point of a
sigmodal curve fitted to the values. This resulted in an
enhanced statistical model for that response.
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Figure 13: Derived titer values from image data (grey tone color change)

The important qualitative factor “contamination” was
statistically weak in the existing model. Using numeric levels
for the contaminants (O for low to two for high) gave a first
idea of influencing factors. However, since this was only a
rough estimate, it was clear that the resulting statistical
model would be weak. In order to enhance this situation, in
the second approach the image data of the SDS PAGE gels
were evaluated with the help of ImageJ and were used to
calculate the relative measure of VP1-protein concentration
and contaminants (in the plot below labeled "VP1relative
Peak Size”), which resulted in a stronger model that we used
for the final optimization.



Optimization

For optimization, we decided to complement the
screening design to address the following three
objectives:
= Enhance the promising results with higher-order terms.
= Redefine the problematic responses and add additional
ones that were of interest for final product quality.
The new optional response Polydispersity (Pdl) gave
an acceptable model, although the span of measured
values and accuracy were low. Since this was not in the
focus of the investigation but rather an interesting topic
for future experiments, it was a valuable outcome.
= Enhance the experimental evaluation.

For process optimization, we made two basic decisions.
The choice between using a freeze step or fresh material is
fundamental and not easily changed. Therefore, we chose
to split the optimization for the two cases--“freeze” and “
no freeze”--where the factor is set constant for each case.
We also decided to exclude the addition of Benzonase®,
which was also a qualitative factor (yes | no) for the
optimization since the contour plot showed that using
Benzonase® is beneficial for the process in every aspect.

Optimization Results

We see in the plot the setpoint and the suggested operating
ranges narrow down to a sharp band of values when running
the process with a freeze-and-thaw step in between. Due to
the number of factors (three), the optimization result cannot
be shown in one 2D-plot but has been split into two where
the third factor was set to the constant determined by the
optimizer functionality in MODDE®.
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Figure 14: Design space and setpoint calculation - frozen material (pH constant: 5,05)

As aresult, we see that L-arginine should be added, but and the saturation point at which it might have negative
with care, in order to sustain particle stability. A high salt effects on the process was not reached in our experiments.
concentration especially had a beneficial effect on the titer,  Alow pH value at 5.05 was found optimal.
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Figure 15: Design space and setpoint calculation - frozen material (constant values for NaCl: 296 mMol)

Working with unfrozen material makes the overall process However, the product quality is far better, and working with
more complex since the time between the upstream and unfrozen material extends the design space and gives more
downstream phases must be characterized and defined. operative freedom. Again, L-arginine was shown to help,
Planning both phases must be aligned with respect to the but with a dosage at the lower end of our experimental plan,
amount of harvest material to be processed. and the pH value was at the lower end, with optimum at 5.52.
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Figure 16: Design space and setpoint calculation - unfrozen material (constant values for NaCl: 120 mMol)

From what we see in the lower plot, we have two optimal
values. This is more a side effect of the fact that we were
optimizing several responses at the same time - some
of them being less important e.g, fast processing time

(business risk) versus the quality of the end product
(manufacturing risk). We can interpret the whole area
from the top left corner to the left middle as one corridor
of operating options.
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Figure 17: Design space and setpoint calculation - unfrozen material (pH constant: 5,52)
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?@5 Conclusion

The goal of the described study was to optimize NEUWAY
Pharma’s EnPCs® quality and quantity in the downstream
process using the Ambr® Crossflow multi-parallel TFF
system in combination with Umetrics MODDE® DoE
software. The study showed a clear benefit from processing
non-frozen EnPCs® supernatant as the efficiency, quality,
and quantity for the product was superior under most
conditions tested when compared to material that had
been frozen prior to the UF | DF step. As expected, the
Benzonase® treatment also strongly improved the
EnPCs® quality and quantity.
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Further analysis using MODDE® software defined the
optimal buffer conditions with respect to pH and NaCl.
Also, the addition of low amounts of L-arginine to the
solution further improved the final product.

The study demonstrated the power of the Ambr® Crossflow
in combination with Umetrics MODDE® software for buffer
optimization studies leading to increased EnPCs® product
quality and quantity. The Hydrosart® 300 kDa Ambr® CF
Filter cassettes are well suited for the UF | DF of EnPCs®.
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