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SUPPLEMENTAL BIOREACTOR CAPACITY 
AT CULTURE BIOSCIENCES ACCELERATES 
BIOPROCESS DEVELOPMENT

Abstract
When up against aggressive development timelines and 

technical milestones, access to additional methods of 

generating bioprocessing data can significantly 

accelerate the speed of drug development. Here, this 

white paper describes a successful collaboration 

between Cytovance Biologics and Culture Biosciences, 

where a fermentation process was transferred, 

downscaled, modified and 

improved via a Design of Experiment (DOE), then 

verified and transferred back to the client in just a few 

experiments. This resulted in a two-fold increase in titer 

over the course of six experimental runs, demonstrating 

that rapid progress can be made by synergizing internal 

capacity with guaranteed capacity, resources and 

expertise in Culture’s Cloud Bioreactor Lab.  
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INTRODUCTION

Historically, bioreactor capacity has been a major bottleneck 

when developing and commercializing new bioprocesses. For 

most biotech companies, the number of bioreactor 

experiments that should be run is usually larger than the 

number that is possible to run given capacity constraints. 

There is a large potential for improving clone or strain 

performance due to the number of factors that can be 

explored, both from a process and a genotype perspective. In 

addition, there is value in dedicating experimental capacity to 

de-risking scale-up activities. The capital and staffing costs 

required to set up and maintain high-throughput 

bioprocessing labs simply limits the number of bioreactor 

experiments that can be done internally.

Microtiter plates and shake flasks can contribute to the 

development of basic cultivation procedures and facilitate 

screening experiments, but lack pH control and sufficient 

aeration for high cell density bioprocessing. Bioreactor 

systems offer unparalleled control over parameters for process 

development and screenings. This level of control allows the 

results of high throughput reactors, like the proprietary 

Culture Biosciences 250mL Cloud Bioreactor system, to be 

predictive of large reactor systems from 1L to 50,000L. 

Downscaled experiments allow higher throughput, decreased 

development costs and accelerated timelines when compared 

with larger systems.

Given these advantages, Culture Biosciences’ Cloud Bioreactor 

Lab offers a solution to supplement limited bench-scale 

fermentation capacity. Culture’s platform offers an established 

workflow for seamless transfer of client processes, 

downscaling, experimental execution, and translation back to 

client systems (Figure 1).

http://www.culturebiosciences.com
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Figure 1: Project stages with Culture Biosciences.

In this paper, Culture Biosciences describes the 

implementation of this workflow for a client that wished to 

improve the performance of an E. coli strain that produces 

recombinant human interleukin-2 (rhIL-2). The process 

was successfully transferred to Culture’s bioreactors where a 

dynamic feed scheme was developed and performance was 

improved via a DOE. The process was then translated back to 

a fixed-feed scheme and transferred to the client’s site, where 

these improvements were replicated at their facility in 1L 

benchtop bioreactors.

TECHNICAL TRANSFER
The client first transfers their process specifications to Culture’s Technical Transfer team, who translates these 

to Culture’s bioreactor systems. This involves matching basic process parameters while scaling to 250mL 

bioreactors. Downscaling may require some optimization, so during this stage, Culture may also conduct 

studies to test variables that may impact bioreactor run performance. In the final step of the technical transfer, 

site equivalence and the previously defined acceptance criteria must be demonstrated before the project can 

move onto the next stage.

TECHNICAL FEASIBILITY ASSESSMENT AND SCOPING
Culture’s Business Development and Client Success teams collaborate with the client to determine 

whether their needs can be met with Culture’s capabilities. To define the scope, the client provides 

a set of acceptance criteria for results obtained at Culture. The teams at Culture will then define an 

experimental plan for technical transfer.

BIOPROCESSING SERVICES
During this stage, the client designs and initiates the execution of experiments at Culture. The client submits 

experimental plans and Culture executes the experiments to their exact specifications. The client has access to real 

time process data as experiments are being executed, and receives data and operational quality control reports for 

each run.  

TECHNICAL VALIDATION 
The goal of this stage is to ensure that the client can successfully run the optimized process back at their own facility. 

Once the client determines that they have achieved technical success with a specific project, any process alterations 

required to transfer the process back to the client site are made and validated at the 250mL scale. The bioreactor 

run conditions are then transferred back to the client site for validation of results. 



3

MATERIALS AND METHODS 

Technical Transfer and Site Equivalence

The 5L process parameters to produce rhIL-2 were 

transferred to Culture Biosciences for downscaling and 

site equivalence testing (Figure 1). Baseline conditions were 

derived by downscaling and matching process setpoints such 

as tip speed, based on the specifications of the two different 

systems. 

Based on factors anticipated to impact strain performance, 

several other process conditions were also tested. Of note, the 

client required oxygen supplementation in order to maintain 

the dissolved oxygen (DO) setpoint in their larger reactors. 

Thus, conditions were tested both with and without oxygen 

supplementation and with varied aeration and agitation 

cascades, as shown in Table 1. 

Dynamic Feed Process 

In order to optimally deliver a carbon source under a variety 

of conditions, the fixed feed process transferred from the 

client was translated into a dynamic feed. For this, the initial 

batch media containing glycerol as a carbon source was used 

to support growth of the rhIL-2-producing E. coli. Upon 

glycerol depletion, a fixed feed regime was implemented with 

glucose as the carbon source for 16.25 hours of feeding. At this 

time point, phosphate depletion from the media is predicted, 

which in turn induces the production of rhIL-2. From here, 

the dynamic feed program was implemented. 

The dynamic feed scheme used a DO spike signal to trigger 

the delivery of glucose. When the DO spiked beyond the 

threshold of 15%, a bolus of glucose was delivered to the 

fermentor. The next bolus of glucose was delivered when the 

DO spiked again in response to glucose depletion  

(Table 2). This cycle was repeated until the conclusion of the 

fermentation. 

Platform Aeration Agitation Supplemental O2 DO Setpoint

Cytovance, 5L 1 vvm (4.5 L/min) 1000 RPM, fixed Cascade to DO setpoint 40% 

Culture Biosciences, 

250mL, O2 

supplementation 

 2 vvm 

(200 SCCM)

2400 RPM, fixed Cascade to DO setpoint 40%

Culture Biosciences, 

250mL, low cascade 

1 - 2 vvm  

(100 - 200 SCCM)

1000 - 3500 RPM, cascade N/A 40%

Culture Biosciences, 

250mL, high cascade 

2 - 2.5 vvm (200 - 259 

SCCM)

2400 - 3500 RPM, cascade N/A 40%

Table 1: Conditions for technical transfer and downscaling of the Cytovance 5L process to Culture’s 250mL bioreactors.

Platform Aeration Agitation DO Spike Feed Threshold Bolus Volume, Rate

Culture Biosciences 

250mL

1-2 vvm (100 SCCM-200

SCCM) air

1000 - 3500 RPM 15% 0.4 mL, 0.0243 mL/min 

Table 2: Fermentation process parameters developed for a dynamic feed process.

https://f.hubspotusercontent40.net/hubfs/5311245/Culture_Technical%20Specifications.pdf?hsCtaTracking=45f1b079-db9a-48ef-b66b-7ee79f013d82%7Cb736add6-bfc2-4e53-8c38-527c2e834c09
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Design of Experiments

The DOE, detailed under Results and discussion, was 

executed as a central composite design with three factors: 

pH, production temperature and glucose bolus rate. The 

circumscribed central composite design incorporated five 

levels for each factor.

Sample Analysis

Samples generated from the fermentations were analyzed 

using the Roche Cedex BioHT, rhIL-2 protein was analyzed 

initially via SDS-PAGE and then later by HPLC. 

RESULTS AND DISCUSSION

Technical Transfer

The initiation of any project with Culture begins with a 

technical feasibility assessment between Culture and a 

potential client. During this phase, the teams work together 

to understand whether Culture’s lab is well suited for the 

technical specifications of a project. Culture’s reactors can 

support a wide variety of organisms and process types, and 

reactor specifications are published on the website.

During technical transfer, Culture Biosciences’ Client 

Success team is responsible for ensuring scale-down and site 

equivalence. Clients provide Culture with a set of acceptance 

criteria for their process and then Culture designs and 

runs experiments until these criteria are met at Culture 

Biosciences’ Cloud Bioreactor Lab.  

When downscaling, there may be additional factors to 

evaluate in addition to the matching characterized system 

process parameters. For example,  the client required oxygen 

supplementation at their site in order to maintain the 

dissolved oxygen setpoint in their larger reactors. The initial 

process downscaling successfully matched the fixed reactor tip 

speeds and aeration status between the scales and provided 

the option for oxygen supplementation. 

Culture’s extensive characterization of their bioreactor system 

allows for a thoughtfully designed set of conditions to test. 

Culture’s bioreactors were designed to support high density 

cultures with high oxygen transfer rates (OTRs), and mass 

transfer studies in Culture’s reactors demonstrated that the 

required oxygen transfer rates could likely be met without 

oxygen supplementation. Consequently, several conditions 

were tested that utilized different aeration and agitation 

cascades in order to match biological performance between 

sites. These were tested in the context of the fixed inoculum, 

pH, temperature and feeding regime that were transferred 

directly from the client. 

As shown in Figure 2, two different agitation and aeration 

cascades were tested in addition to a fixed aeration 

and agitation scheme with the option for oxygen 

supplementation. One strategy (Figure 2, blue lines) used a 

lower initial airflow and agitation rate and increased over time 

to maintain the setpoint. The second strategy (Figure 2, green 

lines) utilized a higher initial airflow and agitation, which 

was generally sufficient and did not require large increases in 

agitation. A third strategy (Figure 2, red lines) also began with 

a higher initial airflow and agitation, but also had the option 

for oxygen supplementation. All the schemes tested were able 

to maintain the DO setpoint throughout the run and minimal 

oxygen supplementation was utilized in the tanks where it was 

an option. The observed oxygen uptake rates were also similar 

across the different conditions, demonstrating that multiple 

strategies could be utilized in order to achieve similar results. 

https://f.hubspotusercontent40.net/hubfs/5311245/Culture_Technical%20Specifications.pdf?hsCtaTracking=45f1b079-db9a-48ef-b66b-7ee79f013d82%7Cb736add6-bfc2-4e53-8c38-527c2e834c09
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Aeration and Agitation Strategies Utilized for Technical Transfer
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Figure 2: Three different aeration, agitation and oxygen supplementation strategies were trialled in the initial technical transfer experiment. 

They differed in terms of aeration (a), agitation (b), and oxygen supplementation (c) to maintain the DO setpoint (d). Offgas measurements were 

also monitored to gain an understanding of oxygen uptake rates (OUR) (e).

(d) Dissolved Oxygen (%)

(e) OUR (mmol/L/hr)

Low Cascade

High Cascade

O2 Supplementation

Control Strategies
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Based on the results of the first experiment, conditions 

under an aeration and agitation cascade without oxygen 

supplementation were then used in subsequent experiments, 

which  helped successfully complete technical transfer of 

the process between sites. The completion of the technical 

transfer was defined on the basis of meeting acceptance 

criteria for strain performance. 

The acceptance criteria are structured based on the stage and 

specific goals of a project and range in stringency accordingly. 

Acceptance criteria typically have several categories based 

on the specifications of an individual process. Table 3 

summarizes the acceptance criteria that were specified for this 

program. In this case, the criteria are structured across three 

broad categories: process control, process metrics and process 

reproducibility. Process control parameters define controls 

such as pH, temperature or OURs that must be controlled 

within a defined range throughout the fermentation. Process 

metrics are mid-point or endpoint metrics such as titer, 

growth rate or product yield that assess the performance of 

the microbe. Process reproducibility specifies goals for the 

reproducibility of process metrics within and between runs 

based on observed variability at the client site. Together, these 

provide a quantitative and objective method for evaluating 

the success of the technical transfer process, and for validating 

that the strain’s fermentation physiology is consistent 

between sites. 

Criterion Description Acceptable Value Range

Process Control: 
Dissolved Oxygen setpoint

Maintain the DO setpoint by a cascade or agitation and 
aeration with oxygen supplementation if needed, once 
the DO reaches setpoint.

DO Setpoint ± 5% during the phase where this is 
controlled. 

End-Point Process Metrics:  
End-point titer (g/L)

Demonstrate protein production, assayed via SDS-
PAGE.

Presence of protein band  at the correct size of IL-2 
on the SDS-PAGE gel. Similar banding pattern and 
minimal protein degradation.

Mid-point Process Metrics:  
Duration of main batch 
phase

Demonstrate a similar timing of the main batch 
fermentation phase

Length of the main batch phase is within +/- 15% of 
client site’s timing

Mid-point Process Metrics:  
Biomass at 48 hours

Demonstrate similar OD and wet cell weight (WCW) 
measurements at 48 hours EFT

OD and WCW measurements are within +/- 10% of 
client measurements at the same time point.

Reproducibility Metrics: 
Replicate strain performance 
in multiple tanks

Meet all described acceptance criteria in multiple 
bioreactors

Meet all acceptance criteria in at least 2 replicate 
bioreactors

Table 3: Example of how categories of acceptance criteria for technical transfer of a fermentation process may be structured (illustrative).
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Expression of IL-2 Protein in Culture’s Bioreactors

As this project was part of an early stage product, and more 

quantitative analytical methods were still under development 

during technical transfer, titers were compared and found to 

be comparable via SDS-PAGE (Figure 3). For the purposes of 

this technology transfer, confirmed expression of the target 

protein with a similar banding pattern in comparison with a 

reference standard was considered to be sufficient to fulfill the 

acceptance criteria of the technical transfer. 

The Mid-Point Process Metrics of the acceptance criteria 

were focused on the timing of the exhaustion of glucose in 

the main batch media and biomass levels at the conclusion 

of the fermentation. These acceptance criteria were also 

fulfilled as the timing of the DO spike upon glucose depletion 

and biomass measurements at approximately 48 hours were 

comparable across sites in replicate bioreactors (Table 4).

Figure 3: SDS PAGE gel demonstrated production of the rhIL-2 under a variety of conditions tested with different levels of aeration and 

agitation. 

Table 4:  Results from Culture’s 250mL cultivation using an agitation and aeration cascade without oxygen supplementation compared with 

results from the client process.

Metric Cytovance Culture Fermentor  A Culture Fermentor B

Elapsed Fermentation Time (EFT) at DO spike (hr) 8.4 9.4 9.4

OD at ~48 hours 102 97 96

WCW at ~48 hours 187 200 191.2
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DOE Using Culture's Bioreactor Capacity

In any company developing bioprocesses, there is always 

more work that can be performed when there are additional 

reactors supplementing internal bench-scale resources. 

Studies that can be performed using Culture's cloud-based 

bioreactor platform include, but are not limited to, strain 

screening, process development, media development and 

testing of suppliers, testing of process robustness for scale up 

and even troubleshooting issues at scale. With Cytovance, 

Culture demonstrated how ongoing supplemental capacity can 

be used to accelerate one process development workstream.

Bioprocess development is often performed under 

accelerated timelines with limited resources. In the face of 

such constraints, it is beneficial to rapidly increase product 

titer through optimization of the fermentation process using a 

time and resource-efficient method, as was the goal of this set 

of experiments. There are many strategies that can be used to 

improve strain performance through process development. 

Traditional approaches to process development often involve 

varying individual factors in an iterative manner in order to 

arrive at an optimized process. However, given the length of 

fermentation experiments, the number of potential variables 

to be optimized and the interaction between these variables, 

iterative fermentation process development conflicts with 

tight corporate timelines. To that end, a design of experiment 

(DOE) approach can be effective in shortening process 

development timelines by running multiple conditions in 

parallel. 

DOE experiments offer a way to explore multiple 

parameters in one experiment and to identify interactions 

between variables. A full factorial DOE design, where every 

combination of variables is tested, offers a comprehensive 

approach but is often not feasible for bench scale 

fermentation given the large number of conditions. Screening 

DOE designs minimize the number of runs in an experiment, 

but falls short in effectively testing a wide range of variables, 

especially for continuous variables of interest. This is 

especially relevant for fermentation process development, 

where there may be local maxima in performance over 

relatively narrow ranges and many interactions between 

variables. An ideal solution is to perform a DOE designed 

to achieve a balance between an unmanageable number 

of conditions and too few experiments to fully optimize a 

bioprocess. There are several DOE designs that allow for 

far fewer conditions than a full factorial experiment would 

require, but offer more insight than a traditional screening 

design (Table 5). However, the DOE designs that require more 

conditions continue to have the challenge of requiring a 

prohibitive amount of fermentation capacity. Culture’s high 

throughput fermentation capacity enables these larger DOEs 

with sufficient replicates and conditions in order to analyze 

and interpret data with statistical rigor.

Design Type
Conditions 
Required

Tanks Required For 
Triplicate Runs Advantages Disadvantages

Full 

Factorial 

125 375 Tests every possible combination of 

each variable at each level and provides 

information around every main and 

interaction effect.

Testing the large number of conditions 

is likely not feasible with sufficient 

replication in bench scale fermentors. 

Screening Design 8 24 Provides information around main effects 

and lower level interactions.

Interactions over numerous values 

for each factor not assessed. May miss 

local maxima by only testing two 

levels for each variable. No estimate of 

curvature in a model.

Circumscribed 

Central Composite 

Design

15 45 Testing numerous levels for each factor 

may identify local maxima and allow the 

generation of a quadratic model which can 

estimate curvature.

Likely not feasible with sufficient 

replication with available reactors at 

most facilities.

Table 5: Different DOE design architectures offer different advantages and limitations. They also have different resourcing requirements. 
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For this project, several factors tied to strain performance were 

included in a circumscribed central composite design. The 

factors chosen were pH, production temperature, and the feed 

rate delivered during a bolus feed (Table 6). Five levels were 

tested for each factor, inclusive of the high and low extremes.

The circumscribed central composite design for this 

experiment resulted in a total of 15 unique conditions to be 

tested in triplicate across 52 fermentation runs, including 

additional control runs. This common DOE design architecture 

employs a design with central experimental points as well as 

points that represent the extreme low and high values in the 

design. This architecture allows for estimation of the curvature 

of the model by incorporating interactions between variables in 

the model. As can be seen in Figure 4, each of the variables was 

combined with a selection of the others to explore both central 

values as well as extreme points for each variable in order to 

build an experimental design. The DOE design, analysis and 

model generation were performed using JMP®.

The ability to run 52 fermentations in parallel is difficult at 

many bioreactor facilities, due to limited bioreactor capacity, 

competing priorities, short timelines, or a combination 

of these factors. However, running replicate bioreactors is 

important as all fermentations have some level of inherent 

variation and therefore multiple bioreactor runs are required 

to provide an accurate assessment of strain performance. 

Culture Biosciences provides the necessary supportive 

resources and expertise to conduct these experiments. 

Factor Low High

pH 6.3 7.3

Production Temperature (C) 25 35

Glucose Bolus Rate (mL/min) 0.033 0.067

Table 6: Factors and ranges that were tested in a DOE.
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On many fermentation platforms, defining parameters for 

multiple fermentation conditions requires arduous manual 

programming, which can be time consuming and prone to 

user programming errors. Such errors, which can invalidate 

experimental conditions, complicate the interpretation of 

experiments such as DOEs where successful execution of all 

conditions is required to estimate interactions between different 

variables. Culture’s proprietary recipe-based programming 

eliminates this source of error and simplifies the input of 

multiple fermentation parameters in an efficient manner. 

The recipe-based programming can use a single recipe to 

dictate the process parameters for any number of reactors. 

This is coupled with a tuning and triggers table, where 

individual process parameters can be specified to vary within 

the recipe in different reactors (Figure 5). This results in rapid 

execution and high operational success rates of experiments 

incorporating a large number of conditions. 

Culture’s Recipe-Based Programming Enables Accurate Execution 
of Large Experimental Designs

Figure 5: Culture’s proprietary recipe-based programming allows for process setpoints to be easily and accurately varied across different 

bioreactors.
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As previously mentioned, the glucose feed strategy employed 

for this experiment was a dynamic bolus feed. This was 

different from the fixed feed design that was transferred with 

the original client process and technical transfer experiments 

used to fulfill acceptance criteria. 

Under certain conditions, a dynamic feed strategy can 

enable strains to perform optimally despite different strain 

phenotypes or environmental conditions. The performance 

of many industrial microbes is reliant on maintaining a 

substrate-limited environment, and the method of delivery 

of glucose or other carbon source, can significantly alter strain 

physiology and, consequently, performance. The feed strategy 

used to fulfill the acceptance criteria during technical transfer 

was a predefined feed rate architecture that was developed 

and optimized in the context of predefined experimental 

setpoints. Changing setpoints that can alter growth rate are 

likely to alter optimal feed rates during the fermentation. 

The consequence of changing experimental setpoints without 

concomitantly optimizing the feed rate architecture can result 

in suboptimal feed control, impacting strain performance. 

For example, changing a parameter that decreases the growth 

rate, μ, could result in overfeeding of a strain which may lead 

to the overproduction of metabolites that have a negative 

impact on the strain physiology. The negative consequences 

of  suboptimal feed profiles, such as in the described scenario, 

include obscuring a strain’s optimal performance and 

leading to incorrect conclusions in process development. 

A feed profile that is tuned to deliver carbon in response to 

measurable physiological signals can enable carbon delivery 

on demand in an optimized fashion for each strain, regardless 

of strain genotype or process setpoints. In this specific 

project, varying pH and production temperature for different 

conditions required a dynamic feed strategy for the strain to 

produce optimally.

Production temperature and pH were variables anticipated to 

influence glucose demand during the fermentation. In order 

to reduce the chance of a fixed feed scheme confounding 

results, a dynamic bolus feed scheme was developed. In this 

scheme, a physiological signal, namely a sharp spike in the 

liquid dissolved oxygen concentration (%DO) in response to 

glucose depletion was used to initiate a delivery of a small 

bolus of feed (Figure 6). This cycle is repeated many times 

throughout the course of the fermentation in response to 

depletion of each glucose bolus. This strategy prevents under 

or overfeeding glucose to the fermentation and impacting the 

performance of the strain while varying pH or temperature. 

In addition, several different feed bolus rates were tested for 

the DOE experiment. 
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Figure 6: A dynamic feed scheme can prevent fermentation results from being confounded by factors that alter glucose consumption kinetics. In 

this scheme, glucose depletion results in a spike in dissolved oxygen (%DO) (A), which signals the delivery of a small bolus of glucose (B). This cycle 

is repeated many times throughout the fermentation to deliver feed on demand. 
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rhIL-2 Titers from DOE Experiment

Figure 7: Different conditions in the DOE yielded different titers at the conclusion of the experiment. The control condition (“m” - 37°C, pH 6.8, 

0.05 mL/min) is boxed.

Overall, multiple replicates of each condition tested within the 

DOE experiment revealed that these factors had a significant 

impact on titer levels, as can be seen in Figure 7. Titer, as 

measured by high performance liquid chromatography (HPLC), 

demonstrated that several of the conditions tested had a positive 

or negative impact on strain performance.  
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Response Surface Model Generated from DOE 

pH Setpoint

pH Setpoint

Ti
te

r 
(g

/L
)

Ti
te

r 
(g

/L
)

5

4

3

2

1

0

5

4

3

2

1

0

34

34

32

32

24

6.4

6.4

6.6

6.6

6.8

6.8

7

7

7.2

7.2

7.4

7.4

26

26

28

28

24

30

30

Production Temperature (C)

Production Temperature (C)

Figure 8: Response surface model generated from the DOE experiment, which predicted fermentation performance under a number of different 

conditions. This model was used to inform a follow up experiment where a subset of conditions were tested for performance. Process values are 

overlaid with the generated model. The colored markers correspond to the process conditions tested in follow-up studies.

A DOE approach not only allows for strategic process 

improvement based on the results, but also the generation 

of a comprehensive response surface model, which can be 

generated from the aggregated results of experiments with 

either improved or decreased performance. This model can 

then be used to predict performance from conditions that 

were not tested empirically and allows Culture to validate the 

predicted conditions that result in improved performance. 

The response surface model generated from this experiment 

(Figure 8) identified interactions between the variables 

predicted to improve strain performance. In this model, 

improved performance was linked to increased production 

temperature and decreased pH, with low pH resulting in 

the highest titers over a range of temperatures. Extended 

characterization of the low pH and high temperature 

conditions outside of the experimental bounds could confirm 

the further increase in titer predicted by the model. However, 

this additional testing was not performed in this study.
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Validation of Predicted Strain Performance 
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(b) Final Titer (mg/g) vs Condition
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Figure 9: Several conditions, including the control condition and experimental conditions predicted to have high and low performance were 

confirmed in bioreactors. 

Following the results of the DOE and the generation of the 

response surface model, a number of conditions were tested 

to verify strain performance as predicted by the response 

surface model. These included the control condition (pH 

6.8, 30°C), a condition predicted by the model to have 

improved performance (pH 6.5, 33°C) and a condition 

predicted to have suboptimal performance (pH 7.1, 27°C). 

Strain performance was assessed by both volumetric (g/L, 

Figure 9a) and specific productivity (mg/g, Figure 9b) in order 

to compensate for differences in growth as a consequence 

of the different process setpoints. As shown in Figure 9, the 

strain performance predicted by the model under different 

conditions was confirmed experimentally using both metrics. 
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Process Transfer and Validation at Customer Site

After improved process conditions are identified using 

Culture’s bioreactors, the next stage of work involves 

transfer of those conditions back to the customer site for 

validation. Culture Biosciences utilizes a number of different 

strategies using online measurements to enable dynamic 

process feed control, but these are often not feasible to 

execute at customer sites due to differences in equipment 

and measurement capabilities. In this case, the dynamic 

feed scheme was developed and optimized at Culture, but 

needed to be translated to a fixed feeding regime optimized 

for the condition and become compatible with other systems 

(Figure 10). The average feed delivery rates from the selected 

dynamic feed condition were translated into a fixed feed 

regime for the entirety of the fermentation. This eliminated 

the necessity to measure DO spikes (Figure 10a) that were 

used as a signal to initiate the feed boluses. Instead, the 

feeding scheme was translated to a constant feed rate, rather 

than individual boluses delivered at higher rates at close time 

intervals (Figure 10b). The growth and production profiles 

utilizing this fixed feed regime (Figure 10c) were similar 

to those using the dynamic feed scheme, and resulted in 

low levels of residual glucose and no buildup of overflow 

metabolites, such as acetate (Figure 10d).

Translation of Dynamic Process to a Fixed Feed Regime
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Figure 10: The dynamic feed scheme using a DO spike upon glucose depletion as a feed trigger (a) was converted to a fixed feed profile (b). 

The fixed feed profile resulted in similar growth profiles (c), with low residual glucose and no buildup of overflow metabolites throughout 

the process (d).

(c) Fixed Feed Profile Acetate and Glucose
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(d) Feed Pump Embedded Volume Rate (ml/min)
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The fixed feed profile translated from the DOE-derived 

dynamic feed profile was then transferred to the client site for 

validation. This fixed feed protocol was run at both sites and 

the results were compared across scales. The performance 

across several metrics (Figure 11), including growth 

profiles assessed by WCW, titer and specific productivity, 

demonstrated that the process improvements identified in 

Culture’s 250mL reactors can be successfully transferred to 

the customer site. 

Acetate Glucose

Fixed Feed Profile Adaptive Feed
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Figure 11: Fermentations performed in Culture’s reactors and in 1L Dasgips demonstrated similar results as assessed by WCW (a) and 

volumetric titer (b).

The fixed feed profile translated from the DOE-derived 

dynamic feed profile was then transferred to the client site for 

validation. This fixed feed protocol was run at both sites and 

the results were compared across scales. The performance 

across several metrics (Figure 11), including growth 

profiles assessed by WCW, titer and specific productivity, 

demonstrated that the process improvements identified in 

Culture’s 250mL reactors can be successfully transferred to 

the customer site. 

Demonstration of Equivalent Performance Between Culture’s 250mL Bioreactors 
and Client’s 1L Reactors 
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CONCLUSION
Together, these results demonstrate an effective DOE 

approach to improving production efficiency enabled by 

supplemental bioreactor capacity. Once a process is 

transferred and downscaled into Culture’s bioreactors, a 

wide range of work can be supported with Culture’s 

reactors, which are outfitted with comprehensive online 

controls and large capacity. Then, as demonstrated here, a 

process can be tuned to the client’s bioreactor system's 

scale and conditions while demonstrating similar results. 

In this case, the titer of rhIL-2 was doubled in a single 

experiment performed in one week, 

which demonstrates how leveraging Culture’s bioreactor 

capacity significantly accelerates process development 

timelines. Utilizing Culture’s cloud bioreactor capabilities 

as ongoing guaranteed capacity can enable the execution of 

multiple different types of work such as screenings, process 

development, or activities to de-risk scale up. Each of these 

types of work require additional capacity but are also 

critical for the success of a product. Culture can provide 

clients with the resources necessary to achieve their timeline 

and efficiency goals. 

Culture is your bioprocess lab, 
in the cloud.

CONTACT US
inquiries@culturebiosciences.com 

culturebiosciences.com
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