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Introduction

The 5 L Thermo Scientific™ DynaDrive™ Single-Use Bioreactor 

(S.U.B.) is an advanced scale-down solution for the  

Thermo Scientific™ DynaDrive™ product line. This innovative 

bioreactor offers the same high-quality Thermo Scientific™ Aegis™ 

5-14 film, with similar drilled-hole sparger design, multi-impeller 

drivetrain, aspect ratio, and fluid-contact materials as the larger-

scale DynaDrive S.U.B.s, facilitating scalability and consistent 

performance. Using the 5 L DynaDrive S.U.B., researchers can 

now conduct efficient and reliable process development at the 

bench scale with confidence that their results will translate to 

larger production scales.

                                                                                                 

The following discussion details an example of scaling up a 

Chinese hamster ovary (CHO) cell culture–based fed-batch 

bioprocess from the 5 L DynaDrive S.U.B. to the 50 L DynaDrive 

S.U.B., and showcases the potential for accelerating scale-up 

and scale-down via straightforward and predictable control 

parameters. This example provides a starting point for basic 

recommendations on scaling processes using the  

Thermo Scientific™ DynaDrive™ and HyPerforma™ G3™ Bioprocess 

Controller lineup.



Table 1. Operation and control parameters.

Parameter Bioreactor

5 L DynaDrive S.U.B. 50 L DynaDrive S.U.B.

Target initial and final volumes 3.75 L, 5 L 36 L, 50 L

Target seed density (x 106 cell/mL) 0.3 0.3

Temperature set point (°C) 37 37

Agitation (rpm) 230 105

Power input per volume (W/m3) 20 20

Tip speed (m/sec) 0.63 0.59

Sparger configuration DHS:* 235 x 80 µm pores DHS: 1,448 x 80 µm pores

Target glucose concentration (g/L) 3 3

Target feed addition rate 2.25% of current vessel volume 2.25% of current vessel volume

Controller G3Lab Bioprocess Controller G3Pro Bioprocess Controller

Methods
IgG-producing CHO-K1 cells were thawed, passaged, and 

expanded into shake flasks containing Gibco™ Efficient-Pro™ 

AGT™ Medium, following standard procedures. Cell expansion 

proceeded as necessary to provide sufficient material to 

inoculate 5 L and 50 L Thermo Scientific™ DynaDrive™ BioProcess 

Containers (BPCs) loaded in the respective 5 L and 50 L 

DynaDrive S.U.B.s at the target initial volumes listed in Table 1.  

                                                                                           

Thermo Scientific™ HyPerforma™ G3Lab™ and G3Pro™ Bioprocess 

Controllers were used to direct the 5 L and 50 L DynaDrive 

S.U.B.s, respectively. The control parameters used for the two 

reactors tested are also provided in Table 1. Similar parameters 

were selected for both reactors to demonstrate the ease of 

scaling and process transfer between the 5 L and the 50 L 

DynaDrive S.U.B.s.

Tables 2 and 3 outline the strategies for dissolved oxygen (DO) 

and pH control. The controller output for each gas used (O₂, N₂, 

and air) to regulate DO and pH was the same across reactors, 

but the related output scaling for the corresponding mass flow 

controllers (MFCs) was reduced by a factor of 10 for the 5 L 

DynaDrive S.U.B. This straightforward approach was taken to 

demonstrate the potential for simplicity in scaling the gassing 

strategies used for these systems. Single-use probes and 

adapters pre-integrated into the BPCs eliminated the need to 

perform any invasive installation of DO or pH probes. 

After pertinent calibrations were completed, sterile medium was 

conditioned and control loops were enabled in the S.U.B.s. By 

this point, sufficient seed train material was ready for inoculation, 

and the reactors were seeded at a target density of  

0.3 x 106 cells/mL. On day 3 of the process, Gibco™ Efficient-Pro™ 

AGT™ Feed 1 was supplied at a target addition rate of 2.25% of 

the current vessel volume, with the feed rate being updated daily. 

Supplementation with 36% (w/v) glucose was added as needed 

throughout the process, targeting a glucose concentration of 3 

g/L in all reactors. Gibco™ FoamAway™ Irradiated AOF (animal 

origin–free) Antifoaming Agent was used to control excess 

foam during operation, either through periodic dosing or by 

activation via the integrated foam probe. Daily samples from both 

reactors were taken to analyze cell density, cell viability, cell size, 

metabolites, and IgG production. 

* DHS: drilled-hole sparger.



Table 2. DO control gassing strategy.

Parameter Bioreactor

5 L DynaDrive S.U.B. 50 L DynaDrive S.U.B.

DO set point 40 40

DO proportional 
integral 

derivative (PID)

Gain 0.1 0.1

Reset 200 200

O₂
Controller output (%) 10–100 10–100

Output scaling (slpm) 0–0.225 0–2.25

N₂
Controller output (%) 0–10 0–10

Output scaling (slpm) 0.025–0 0.25–0

Air

Overlay (slpm) 0.25 1

Controller output (%) 0–10 0–10

Output scaling (slpm) 0–0.025 0–0.25

Table 3. pH control strategy.

Parameter Bioreactor

5 L DynaDrive S.U.B. 50 L DynaDrive S.U.B.

pH set point 7.15 7.15

pH PID
Gain 1.6 1.6

Reset 300 300

pH deadband

High deadband 0 0

Low deadband 0.25 0.25

High gap –0.15 –0.15

Low gap 0 0

CO₂
Controller output (%) –100–0 –100–0

Output scaling (slpm) 0.025–0 0.25–0

Base Not enabled Not enabled

Multiple replicates of the process were carried out using both 

the 5 L and the 50 L reactors. The data reported in the Results 

section are the mean data for five 5 L cultures and six  

50 L cultures, with a 95% confidence interval shown as a shaded 

region around the mean. 

Results
Throughout the 14-day fed-batch culture, viable cell density 

(VCD) trended similarly between the reactors, with an average 

peak VCD of over 55 x 106 cells/mL achieved in the 5 L DynaDrive 

S.U.B. and nearly 59 x 106 cells/mL achieved in the 50 L 

DynaDrive S.U.B., by day 8 (Figure 1). Notably, the replicates for 

each S.U.B. with the highest peak VCD performed remarkably 

similarly, with a peak VCD of 62.2 x 106 cells/mL for the 5 L 

reactor and 64.5 x 106 cells/mL for the 50 L reactor. Cell viability 

also trended comparably throughout the run (Figure 2). 



Figure 1. Mean viable cell densities and 95% confidence intervals for 5 L and 50 L DynaDrive S.U.B. cultures.

Figure 2. Mean cell viability and 95% confidence intervals for 5 L and 50 L DynaDrive S.U.B. cultures.
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Protein titers were nearly identical between reactors, with mean 

IgG concentration at the end of the culture being 3.66 g/L for the 

5 L cultures and 3.59 g/L for the 50 L cultures 

(Figure 3). Productivity was maintained throughout the duration 

of the cultures in both reactors. The tight confidence intervals 

around mean IgG trends are indicative of the high degree of 

reproducibility between replicates and across scales. 

Metabolic profiles also appeared to align well among the  

5 L and 50 L cultures. For example, lactate buildup and the 

lactate metabolism switch were similar for the culture replicates 

in both the 5 L and 50 L S.U.B.s, though the preliminary lactate 

accumulation was marginally higher in the  

5 L culture than in  the 50 L cultures, while the secondary lactate 

accumulation was marginally higher in the 50 L culture  

(Figure 4). The lactate dehydrogenase (LDH) concentration, 

which is often used as an indicator of cell stress or damage, was 

nearly parallel between the 5 L and 50 L S.U.B.s (Figure 5). This 

may suggest very similar degrees of shear stress being applied 

to both systems by the agitation and aeration mechanisms 

and controls, a key consideration for scale-up and scale-down 

models and a benefit of utilizing the 5 L DynaDrive S.U.B. 

Figure 3. Mean IgG concentrations and 95% confidence intervals for 5 L and 50 L DynaDrive S.U.B. cultures.
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Figure 5. Mean LDH concentrations and 95% confidence intervals for 5 L and 50 L DynaDrive S.U.B. cultures.

Figure 4. Mean lactate concentrations and 95% confidence intervals for 5 L and 50 L DynaDrive S.U.B. cultures.
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Discussion and conclusion 

The results from this CHO culture–based fed-batch process offer 

a first evaluation of the capabilities of the 5 L DynaDrive S.U.B. 

and its potential as a process development tool for scale-up 

and scale-down. Key performance indicators, including VCD, 

cell viability, and protein production, were consistent among 

replicates and the 5 L and 50 L scales. Mean peak VCD for the 5 

L and 50 L cultures was in the range of 55 x 106 to  

60 x 106 cells/mL, and the mean final protein concentration                           

was in the range of 3.59 to 3.66 g/L. As shown in this study, 

leveraging the DynaDrive S.U.B. family can help your team reduce 

barriers, facilitate efficient process development and transfer, and 

deliver consistent performance across different scales, ultimately 

offering more confidence in the scalability of your bioprocesses.

Ordering information

Product Fisher Scientific Cat. No.

Efficient-Pro AGT Medium 100L 30284817

Efficient-Pro AGT Feed 1 10L 30283062

FoamAway Irradiated AOF Antifoaming Agent 10478853

5L DynaDrive Bioreactor 240V Puck 5L Stand 240V 31751207

5L DynaDrive Bioreactor 240V Trad 5L Stand 240V 31751208

DynaDrive Probe Kit Puck 5L 31751204

DynaDrive Bioreactor Base Kit 5L 31751206

DynaDrive Probe Kit Trad 5L Kit Traditional 31751210

G3 Lab Controller Std Config w 5 31751203

5L DynaDrive Bag Puck 5L - Non cGMP Consumable Puck 31751209

5L DynaDrive Bag Traditional 5L - Non cGMP Consumable 31751205

https://www.thermofisher.com/us/en/home/life-science/bioproduction/single-use-bioprocessing/single-use-equipment/single-use-bioreactors/dynadrive-sub.html?icid=fl-dynadrive

