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Introduction
In cell culture-based manufacturing of influenza vaccines, trypsin plays an important role in activating the produced influenza virus particles. The 
trypsin used can influence cell culture integrity and production consistency. Despite meticulous raw materials testing, using animal-derived trypsin 
carries the risk of adventitious contaminants, and infection of cell cultures has potentially serious consequences for patients and production continuity.1 
Furthermore, most trypsin products exhibit autolytic activity that rapidly degrades the enzyme, leading to subpar and variable performance.2

The new enzyme TrypsiNNex® addresses safety and consistency. First, TrypsiNNex® is a recombinant trypsin produced in line with industry standards for 
non-animal origin reagents that eliminate contamination by adventitious agents or impurities. Second, TrypsiNNex® is expressed as an inactive protein 
and activated shortly before stabilization. As a result, TrypsiNNex® has a high and stable proportion of intact β-trypsin, making it well-suited for influenza 
virus production (Fig. 1). 

Here, we show how TrypsiNNex® can optimize the production of two influenza strains, H1N1 and H3N2, in the engineered Mardin-Darby Canine Kidney 
(MDCK)-SIAT1 cell line. We also compare the performance of TrypsiNNex® in promoting virus propagation to other commercial trypsin products.

Product α-trypsin (%) β-trypsin (%) Total (%)
Trypsin 1, recombinant 22.2 59.3 81.5
Trypsin 2, animal-derived 25.9 33.6 59.5
Trypsin 3. recombinant 20.0 60.4 80.4
TrypsiNNex® 6.3 89.8 96.1
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Figure 1. Reversed-
phase high-
performance liquid 
chromatography 
shows that 
TrypsiNNex® (light 
green) is more 
homogenous than 
alternative products. 
It has higher overall 
trypsin content and 
a greater proportion 
of intact trypsin 
(β-trypsin).

Materials and methods
General materials and methods
•	 �Growth medium: DMEM, 10% FBS, 0.2% BSA, 25 mM HEPES, 100 USP/mL 

penicillin/streptomycin (P/S) solution, and 1 mg/mL G418 (antibiotic to 
select engineered cells).

•	 �Serum-free virus growth medium: DMEM, 25 mM HEPES, 0.2% BSA,  
2 mM L-glutamine, and 100 USP/mL P/S solution.

•	 �Culture growth conditions: T75 flasks or 6-well plates at 37°C and  
5% CO2.

•	 �Viral titers: Infectious titer was measured with the tissue culture 
infectious dose assay (TCID50). Physical titer (copies of viral RNA per mL) 
was quantified via reverse transcription with digital PCR (RT-dPCR).3

•	 �Working virus stocks: Produced in MDCK-SIAT1 cells at approximately 
1.29x105 cells/cm2 density. We followed the DoE screening workflow 
(below) but inoculated with 600 µL virus seed stock and allowed virus 
propagation in 20 mL serum-free virus growth medium with 7 UPS/mL 
TrypsiNNex® for 3 days.

Optimal cultivation conditions for MDCK-SIAT1 cells 
MDCK-SIAT1 cells were examined across 4 passages using standard 
culturing techniques to establish population doubling rates, optimal seeding 
concentrations, and appropriate passaging intervals (data not shown).

1. Conditions that maximize virus propagation
Using a Design of Experiments (DoE) approach, we examined the influence 
of multiplicity of infection (MOI), TrypsiNNex® concentration, and harvest 
day on the propagation of each influenza strain (Fig. 2). The analysis was 
done using JPM.

Workflow for DoE testing 3 critical variables
Parameters and values tested in the DoE screening

Parameter Conditions tested

Multiplicity of Infection (particles/cell)
H1N1: 0.005, 0.228, 0.452 

H3N2: 0.015, 0.712, 1.409

TrypsiNNex® concentration (USP/mL) 0, 7, 14

Harvest times (days after infection) 1, 2, 3
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Results
1. 	�A low MOI and harvest after 3 days maximizes  

viral titer
3. �Virus production with TrypsiNNex® resulted in high 

infectious titers for H1N1 and H3N2 virus particles

2. �Optimal TrypsiNNex® concentration for virus 
propagation depends on virus strain
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Conclusion
The optimal influenza virus production conditions  
identified were:

Strain MOI TrypsiNNex® Incubation

H1N1 0.005 particles/cell 17 USP/mL 3 days

H3N2 0.015 particles/cell 1.5 USP/mL 3 days

Under these conditions, TrypsiNNex® is a competitive reagent that 
boosts virus propagation on par with alternative solutions and 
meets standards of quality and non-animal origin raw materials for 
biopharmaceutical manufacturing.

Discussion
The MDCK-SIAT1 cell line is a robust system for influenza virus 
production. Cells in a T75 flask reach confluence in 2–3 days 
with steady growth and healthy morphology. A DoE screening of 
H1N1 and H3N2 virus production showed that a 3-day incubation 
maximizes virus yield for both strains. A low MOI was optimal 
for the propagation of H1N1 (Fig. 2). As MOI had no impact on 
H3N2 particle production, a low MOI was also used for the second 
strain. The titration experiment with TrypsiNNex® showed that the 
optimal concentration for virus production is strain-specific (Fig. 
3). Virus particles produced with TrypsiNNex® exhibited higher 
infectivity than those produced with other trypsin products (Fig. 4).

2. Optimal TrypsiNNex® concentration
We conducted a series of virus production runs to test a broader range 
of TrypsiNNex® concentrations (0–17 USP/mL; Fig. 3) and ascertain the 
optimal concentration to use for each influenza strain. Each run followed 
the same protocol as the DoE screening.

3. Benchmark TrypsiNNex® performance
We evaluated TrypsiNNex® and 4 alternative trypsin products under 
identical conditions (Fig. 4). We used the same cell culture system, 
working viral stocks, and the strain-specific MOI, harvest time, and trypsin 
concentrations defined in our optimization study. The comparison followed 
the DoE screening protocol, and yield was measured as physical and 
functional titer.
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/mL)Figure 2. The predictive model from the DoE screening highlighted values for parameters 
in the production of H1N1 and H3N2 influenza viruses that combined maximize viral output 
measured as RNA copies/mL. A low MOI optimized H1N1 propagation. MOI had no impact 
on viral titer for H3N2. Harvest after 3 days was optimal for both virus strains. 

Figure 3. The physical titer (RNA copies/mL) of H1N1 influenza virus harvested 3 days 
after infection increased with higher TrypsiNNex® concentration (left, top). Infectious titer 
(TCID50/mL) exhibited the same pattern (left, bottom). TrypsiNNex® also boosted H3N2 virus 
production, but concentrations >1.5 USP/mL suppressed it (right, top). Infectious titer was 
also highest at the low TrypsiNNex® concentration (right, bottom).

Figure 4. Benchmarked against 4 alternative products, TrypsiNNex® generated comparable 
virus yield based on viral RNA copies/mL (physical titer; turquoise bars) but the highest 
functional titer (TCID50/mL; blue bars). Images on the right are representative of positively 
and negatively scored wells in the TCID50 assay.
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More about  
TrypsiNNex®

TrypsiNNex® 
Made with bioprocessing in mind.
Scan the QR codes below and download the application notes.


