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Partnering for Better Health: 
Best-Fit Collaboration to  
Foster Innovation

For more than 75 years, Eppendorf has been developing, producing, and sell-
ing premium products, solutions and services for customers around the world. 
We take our responsibility as a pioneer seriously and continuously develop our 
product portfolio to drive innovation in high-growth areas like the life science 
market. We unceasingly expand our knowledge and expertise, learn from our 
customers and incorporate customer feedback into our product development 
as an integral commitment to our corporate philosophy. We evolve with the 
needs of our customers so they can remain at the forefront of the market! 

Rely on the innovative power of a global player and  
the approachability of a mid sized company.

 > �Innovation: By permanently investing in our  
innovation pipeline, we ensure all our products meet 
current and future market needs.
 > �Sustainability: A key driver of innovation, sustainabi
lity at Eppendorf encompasses solutions to reduce the 
impact on natural resources. Our approach empowers 
customer to reach their sustainability goals. 
 > �Seamless supply chain: We ensure a reliable supply 
of our products around the globe with short delivery 
times by stocking our products in locations near our 
customers and continuously improving our logistics. 

 > �Premium service: Our service facilities around  
the globe provide technical service and  
application support. 
 > �Quality: We provide reliable, high-quality products 
around the world, – products designed to support  
you to deliver reproducible results every time and 
everywhere.

�For more information, service ordering details  
and contact form please visit: 
www.eppendorf.com/epServices

Read our Sustainability Report or  
visit us online to learn more: 

www.eppendorf.com/sustainability

32



Excellence at Every Step:  
From Candidate Screening to 
Clinical Phase

Faster workflows

 > �Rely on products and solutions 
designed for fast, efficient  
R&D workflows to accelerate  
time to market.

Reliable processes

 > �Operate effectively and efficiently, 
maximize throughput and maintain 
productivity over the long term.

Reproducible results

 > �Enable reliable results with the 
required accuracy and reproduci
bility you need.

Simplified compliance

 > �Receive support for our products and 
services in terms of documentation, 
sustainability, calibration and  
qualification.

Improved sustainability

 > �Achieve your sustainability goals  
with products, that support a  
greener future.

Pharmaceutical research is an enormous undertaking  
and entails considerable time and money. You want to 
make sure you have the very best, so your laboratory  
runs efficiently. Let us support you with high-quality 
equipment, state-of-the-art technologies and proactive 

services tailored to your needs. No matter if it’s PCR 
cyclers for fast, reliable results, high-speed centrifuges, 
ultra-low-temperature freezers, high-performance shakers 
or bioreactors to optimize cell growth:  
Our portfolio keeps efficient drug discovery on track!
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Visit us online to learn more: 
www.eppendorf.com/pharma

https://eppendorf.group/82a0vc
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Ultracentrifuge CP100NX

High-Speed  
Centrifuge CR22N

Increased downstream quality and purity
Obtaining the highest quality and purity in even the 
smallest particles including exosomes and viral vectors, 
is crucial in drug research. Centrifuge CP100NX  
offers the perfect solution. Our IQ/OQ services include 
GxP-supporting documentation.

* Excluding rotors S140AT, S110AT, S80AT3 and S50A

Your everyday solution for efficient harvesting
Drug discovery requires taking various steps, including  
harvesting biomass, and pelleting cells, subcellular 
organelles and larger viruses as well as extracting, 
precipitating, concentrating and purifying nucleic acids. 
The Centrifuge CR22N is the optimal solution for  
completing all these common centrifugation tasks. Our 
IQ/OQ services include GxP-supporting documentation.

> �Maximum centrifugation speeds of 803,000 × g
(100,000 rpm with rotor P100AT2).

> �Automatic rotor life management: run data is stored
on the rotor and calculations are made on the basis of
the actual run time for a prolonged equipment lifetime.

> �User management and documentation function
to support labs working in a GxP-environment.

> �Balancing of samples is now easier than ever.
Visual check of sample height (within 5 mm*)
is sufficient.

> �Speeds of up to 58,700 × g (fixed angle) or 11,500 × g
(swing-bucket) to support applications in genomics,
cell biology and proteomics.

> �Self-locking rotor system for increased safety
and convenience.

> �User management and documentation function
can support labs working in a GxP-environment.

> �Unique 1.5 L triangular bottle for easy, time-efficient
harvesting of cell, yeast and bacterial cultures
(up to 15,100 × g).

Reliable cell growth to optimize your drug-discovery
An efficient, reliable drug-discovery workflow calls for an 
incubator that minimizes contamination risk and is quick to 
clean. The CellXpert is a flexible, high-quality incubator with 
a uniform atmosphere thanks to temperature verification at 
27 locations inside (German DIN 12880:2007-05 standard).  
It helps to reduce costs and offers in-field upgradeable 
options. Our IQ/OQ services include GxP-supporting  
documentation.

> �Easy cleaning, reliable contamination prevention
with the fanless design, seamless chamber,
180 °C sterilization cycle, and removable water tray.

> �Saves up to $ 9.000 over five years with no internal
expendable parts, up to 25% more usable space
and significantly reduced CO2 and N2 consumption
(CO2 consumption at 5% (without opening door)
< 1L/24 h).

> �GMP supporting documentation and third-party
certified ISO class 4/GMP grade - A clean-room
compatible.

CellXpert® C170i  
CO2 Incubator

Mastercycler® X50s

Click here!

Click here!

The essential tool for creating your clone
In drug discovery, speed and laboratory efficiency are  
especially important. The Mastercycler® X50 is the optimal  
instrument to save time while achieving higher PCR through-
put. Up to 50 units can be combined – ideal for high-through
put applications. Our IQ/OQ services include GxP-supporting 
documentation.

> �Run time: About 40 minutes with block heating rates of
up to 10 °C/s and cooling rates of up to 5 °C/s. Fast PCR
with a fast polymerase kit in as little as 15 minutes.

> �2D-gradient for optimizing the annealing and denaturation
temperatures in a single run. This saves time and money.
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https://www.eppendorf.com/cellxpert
http://www.eppendorf.com/X50
http://www.eppendorf.com/your-centrifuge-solution
http://www.eppendorf.com/your-centrifuge-solution
http://www.eppendorf.com/visionize
http://www.eppendorf.com/visionize
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Centrifuge 5427 R

Centrifuge 5910 Ri

Supports your sustainability goals
Centrifuge 5427 R not only supports you on your way to 
becoming a greener lab, it serves as the perfect solution for 
labs that run a broad range of molecular biology applications  
or need high-throughput solutions for 1.5 through 2 mL 
tubes. And the microcentrifuge includes all of this along with 
the highest throughput/ footprint ratio in the Eppendorf  
microcentrifuge range. Our IQ/OQ services include  
GxP-supporting documentation.

Supports compliance in your centrifugation steps
The large seven-inch VisioNize® touch interface  
provides fast, error-free operation, thereby ensuring  
efficient runs. The documentation function and user 
management support your quality control with multiple 
authorization levels, password protection and documen-
tation of all runs and user activities. Our IQ/OQ services 
include GxP-supporting documentation.

> �Natural refrigerant R290 keeps your samples cool as
well as the planet cool.

> �The adjustable ECO shut-off function will lower your
energy consumption so you can save energy and
extend the compressor lifetime.

> �Highly versatile with nine different rotor options,
the centrifuge is a solution for a wide range of
molecular-biology applications that use tubes
from 0.2 to 5 mL and eight-place PCR strips.

> �Supports simultaneously spinning many vessels to
increase sample throughput: 68 × 15 mL or 36 × 50 mL
conical tubes 120 × 13 mm or 104 × 16 mm blood
tubes 20 × MTP/ 4 × DWP 1,000 mL bottles.

> �The unique, universal rotor concept allows centrifu-
gation of tubes, plates and bottles without changing
rotors, buckets or adapters.

> �Favorite function allows you to quickly set parameter
settings and gain access to full text programs.

Cold Storage

>  Easy tracking with sample management software 
and compatible with any barcode scanner.

>  Quick recovery times after opening the door ensure 
sample safety.

>  Green cooling and low energy consumption mean 
having a small carbon footprint.

Keeps your candidate samples organized at all times
The CryoCube® 740 series is designed to optimize perfor-
mance, protecting your samples. Eppendorf freezers are 
renowned for reliability and delivering peace of mind. 
The SafeCode system for Eppendorf CryoStorage Vials  
is based on three-level coding to enable safe sample 
identification, which saves time and avoids potential 
sample loss.

CLICK

Provides ideal transfering solution for samples  
from collection vessels to plates
Changing vessel formats often slows down your drug-
discovery work Eppendorf Move It® pipettes allow you to 
easily, swap formats thereby speeding up your workflows.  
ISO 17025 accredited calibration certificate is available  
as a service.

Move It®: Adjustable 
Tip Spacing Pipette

98

> ��Adjustable tip spacing accelerates pipetting of
multiple samples between tubes, plates and agarose gels.

> �Spacing control supports quick switches backward and
forward between source and destination formats.

> �Manual adjustment knob enables smooth, vibration-free
format switches and liquid transfers without dripping.

https://www.eppendorf.com/discover/your-centrifuge-solutions/microcentrifuges/
https://www.eppendorf.com/discover/your-centrifuge-solutions/multipurpose-centrifuges/
https://www.eppendorf.com/moveit
http://www.eppendorf.com/visionize
http://www.eppendorf.com/visionize
http://www.eppendorf.com/freezers
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Eppendorf ThermoMixer®

Eppendorf PCR Plates

Eppendorf Tubes® 
LoBind

Improve assay results when using dry incubation and 
mix your samples simultaneously
The Eppendorf ThermoMixer® C heats, cools and mixes 
almost all laboratory vessels using different thermo
blocks. The new Eppendorf SmartBlock™ cryo-thaw  
exchangeable block offers a special thawing program 
that supports reproducible, reliable thawing of cells up 
to +37 °C from frozen storage conditions. Our IQ/OQ 
services include GxP-supporting documentation.

Maximize antigen retrieval
The LoBind material guarantees maximum sample  
retrieval for sensitive assays during antigen  
characterization and lowers contamination risk.
Minimal interference between antigens and the storage 
vessel also improves reproducibility.

> �Up to 13 different SmartBlocks allow a broad range
of vessels to be used.

> �Using QuickLock system supports the easy, tool-free
exchange of SmartBlocks.

> �ThermoTop® reduces the risk of condensation in your tubes.
> �Eppendorf SmartExtender enables a second independent

incubation temperature for up to 12 vessels (1.5 mL).

> �These tubes are lot-tested and certified free of DNA,
DNase, RNase and PCR inhibitors (PCR clean).

> �Our LoBind tubes improve subsequent assay results
(better and more specific signals) through reliable
sample retrieval.

> �These tubes certified PCR clean quality provides
maximum sample protection and prevents
false-positive results.

Reliability for assays and workflows
Eppendorf Plates ensure greater reliability, lower error rates, 
less downtime, less need for post-analytical corrections and 
higher turn around times – especially in high throughput  
applications.

> �High-contrast colors provide support for semi-automated
tasks. The very robust frame does not shrink or go out
of shape when heated.

> �Nearly unlimited traceability and customization
options ensure our products can be tailored
to meet your systems’ needs. Lot numbers and expiry
dates on plates optimize compliance processes.

> �Smart polymers, such as our LoBind® plates, ensure
high recovery rates and optimized assay results.
Plates are also available in our new BioBased Material.

epMotion® 5073t  
and 5075t NGS Solution
Robust library generation for designing  
your experiments
Our epMotion 5073t and 5075t NGS Solutions include all 
dispensing tools, accessories, and consumables needed 
for NGS library preparation of up to 24 (5073t) or  
96 (5075t) samples. With maximum kit flexibility, they 
are ideal for low- to medium-throughput, complex NGS 
workflows. Let the epMotion NGS Solution handle your 
complete workflow – including dilutions, normalization, 
extraction and NGS library prep. Our IQ/OQ services 
include GxP-supporting documentation.

> �Compact footprint fits almost every laboratory bench,
in addition no high-voltage is needed for operation.

> �Intuitive software interface makes it easy to use
and supports rapid method design.

> �Flexibility helps to optimize even complex
NGS workflows.
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http://www.eppendorf.com/plates
https://www.eppendorf.com/unleash-your-potential/
https://www.eppendorf.com/thermomixer
https://www.eppendorf.com/lobind
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Control System and BioBLU® 
Single-Use Bioreactors

Pipette Manager

Constant expression conditions during scale-up
The BioFlo 320 offers flexibility, better control and 
maximized functionality while occupying a fraction  
of the valuable laboratory space of similar systems. 
This means greater efficiency and productivity in 
your laboratory at a lower operating cost. Our IQ/OQ 
services include GxP-supporting documentation.

Redefine “routine tasks” in drug development
Streamline your pipetting steps by more quickly setting up 
liquid-handling volumes and therefore to speed up your 
workflow stages. The Settings are instantly available on  
all connected electronic pipettes, avoiding setting errors.

 > �Universal connections for analog or digital sensors 
reduce sensor complexity.
 > �Autoclavable vessels and our comprehensive  
portfolio of BioBLU Single-Use Bioreactors  
support process customization.
 > �Extensive working volume ranges from  
400 mL to 40 L on a single control platform. 

 > Quickly set pipetting modes, volumes and speed.
 > �Achieve greater accuracy and reproducibility when 
handling difficult liquids using the embedded  
software for guidance.
 > �Document all pipetting workflows and automatically 
record pipetting activities. Export records as a PDF  
via USB (and sign for compliance).

15

Meet your sustainability targets
Since oil-based plastic vessels have substituted glass vessels, 
they have become irreplaceable in drug discovery laborato-
ries around the world. For the first time, we can offer a  
generation of Eppendorf Tubes® with screw caps in 5.0 mL, 
15 mL, 25 mL, 50 mL and PCR Plates made of certified  
polypropylene based on renewable reused raw materials.

Eppendorf Tubes®  
BioBased

 > �Tubes are made from 90% »bio-circular« renewable-based 
feedstock (recycled e.g. from food oil wastes  
and residues).
 > �General Quality Certificates and Compliance with  
Standards are available.
 > �Product-specific and lot-specific purity certificates  
as well as an ISCC sustainability declaration for  
Eppendorf Tubes® BioBased.

New Brunswick S41i
CO2 Shaker
Set-up your CO2 incubator shaker safely and quickly  
for your next batch or project
The only CO2  incubator shaker in the market with an  
integrated 120 °C disinfection. The stackable device comes 
with a small footprint and an easy to clean seamless,  
stainless steel chamber without a fan. Our IQ/OQ services 
include GxP-supporting documentation.

 > �Shaking of flasks up to 5 L (Corning® or  
Thomson Optimum Growth®) and simultaneous static
 > incubation on the shelves. 
 > �The triple eccentric drive outside the chamber ensures 
trouble-free operation for years.
 > �Save time and money, and reach your carbon footprint  
targets with significantly reduced CO2 consumption by 
smart gas control and tight sealing. 

Click here!
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http://eppendorf.com/bioBlu
http://www.eppendorf.com/pipette-manager
https://www.eppendorf.com/S41i
http://www.eppendorf.com/biobased


Eppendorf offers calibration and verification services for
> Temperature
> Speed
> O2 / CO2 concentration
> Pressure
> Humidity

Services include
> Cleaning (external and internal)
> Maintenance
> Exchange of wear-and-tear parts
> Comprehensive functional check
> Software updates
> Evaluation of stored data
> Documentation
> �Dated service sticker to confirm

Eppendorf servicesInstallation qualification and operational qualification services IQ/OQ GxP OQ GxP
Check of delivery status and installation environment –
Installation, including configuration and functional checks –

Detailed IQ report –
Test of alarm functions
Verification of instrument parameters (e.g., temperature, speed)
Detailed OQ report and handling of deviation list
Signed approval by customer and service technician

14

Our portfolio of service and extended warranty agreements  
take the load off your shoulders by simplifying your  
ordering and budgeting processes for various services 
over the full lifetime of your instruments. Your costs and  
instrument life time will be more predictable.

Our agreements also include repair costs – in full or  
in part – and discounts on other services. Benefit from 
premium performance for your peace of mind!

Are you working in a regulated environment?  
We offer specifically created installation qualification and 
operational qualification services, including GxP-supporting 
documentation. These documents support complex GxP 

standards and regulations while reducing your administra-
tive workload and provide you with qualified assurance that 
your instrument is installed and operating in accordance 
with the manufacturer's specifications.

Calibration and verification services
How do you know your experimental data is reliable?
Assuring your instrument is maintained precisely and  
accurately according to specifications is your first step 
to achieving reliable results.

Preventive maintenance services
How much do you rely on keeping your instrument in 
good working order? Our professional cleaning and  
maintenance services aim to prevent unexpected down-
times and failures by detecting of problems early on. 
Keeping your instruments in perfect working order  
will not only extend their service life, but also increase 
your productivity.

Supporting You: Maintenance 
and Qualification Services

�For more information, service ordering details  
and contact form please visit: 
www.eppendorf.com/epServices

Qualification services

15



Eppendorf LoBind®: Evaluation of Protein Recovery
in Eppendorf Protein LoBind® Tubes and Plates
Author
Natascha Weiß1, Wolf Wente2 and Philip Müller1

1Eppendorf SE, Hamburg, Germany; 2Eppendorf Instrumente GmbH, Hamburg, Germany

APPLICATION NOTE  No. 180

Abstract

Eppendorf LoBind® consumables were created specifically 
to minimize sample loss caused by adsorption to the
reaction tube wall. The experiments described herein pro-
vide proof that Protein LoBind products yield 80 % higher
sample recovery than vessels made from standard mate-
rial. In addition, the recovery rate of Eppendorf LoBind
Tubes was compared to low binding tubes made by other 
manufacturers. Even after 96 h of incubation, Eppendorf
LoBind Tubes enabled a recovery rate of 90 %, as demon- 

 
 
 
strated by the assay described herein. Furthermore it is
shown that subsequent analyses, such as MALDI-TOF, 
yield superior results. Thus, the Eppendorf Protein LoBind
Tubes and Deepwell Plates are ideally suited for applica-
tions involving proteins, peptides and viruses; especially
when working with limited sample quantities.

Introduction

The preparation and storage of samples (i.e., cells and tis-
sues, as well as DNA, RNA and proteins) are often the basis 
for successful experiments. Apart from the purity of the 
sample, recovery after preparation is most important. In 
cases where biological sample preparation is difficult, labor-
intensive or expensive, most often the amount of sample con-
centration available is quite small. In these cases especially, 
losses are critical, leading to faulty or ambivalent analytical 
results, or none at all. Since cost must not be underestimated 
when it comes to the use of expensive reagents, products 
whose surfaces have been optimized to guarantee low af-
finity binding of biological samples will provide an obvious 
advantage, both from a financial and scientific perspective. 

In this context, working with proteins presents a special 
challenge. Proteins consist of hydrophilic as well as hydro-
phobic domains, the latter being located on the inside of the 
globular protein structure in an aqueous environment. When 
the protein comes into contact with a solid surface, the three-
dimensional protein structure canbecome modified  

such that the hydrophobic regions move to the surface of the   
molecule and seek contact with the hydrophobic surface of 
the container [1, 2] (Fig. 1).

Fig. 1: Schematic drawing of a globular protein. Hydrophobic 

chains bind to a solid surface, leading to a change in protein 

conformation.

Abstract

In this study, the New Brunswick S41i CO2 incubator shak-
er’s mammalian cell culture capability was first verified by 
culturing CHO cells. This was followed by a comparative 
performance evaluation against two leading incubator 
shakers on the market. The New Brunswick S41i provided 
equivalent performance on the growth rate and 

viability of mouse hybridoma cells. Comparison of CO2 
gas consumption was also conducted. Due to the superior 
“green” engineering and advanced control of critical pa-
rameters, the New Brunswick S41i demonstrated up to 10 
times lower gas consumption compared to the competi-
tive units while delivering uncompromised performance.

Hybridoma and CHO Cell Culture using the New Brunswick™ S41i, 
an Environmentally-Friendly, “Low Emission” Incubator Shaker
Nick Kohlstrom, George Wang, Linette Philip and Ma Sha, Eppendorf Inc., Enfield, CT, U.S.A.

Introduction

Cars aren’t the only source of CO2 emissions; laboratory 
equipment, such as CO2 incubators, could be releasing over 
20,000 liters of CO2 gas per year. Eppendorf® established 
the epGreen initiative to reduce the environmental impact of 
our products. Most of the CO2 gas consumed by incubators 
is released to the environment. Eppendorf’s new incubator 
shaker, the New Brunswick S41i, releases extremely low 
amounts of CO2 under normal cell culture conditions without 
sacrificing performance. This study evaluates the New 
Brunswick S41i’s performance culturing hybridoma and Chi-
nese hamster ovary (CHO) cells. The study also investigates 
the New Brunswick S41i’s CO2 gas consumption compared 
to competitive units. The data reveals that the New Bruns-
wick S41i consumes 5 to 10 times less CO2 than competi-
tors, resulting in a 5 to 10 times smaller carbon footprint. 
Superior engineering minimizes gas leakage with a tightly 
sealed inner glass door protected by sturdy outer door, 
tightly sealed motor drive boots as well as a sealed incuba-
tion chamber. The performance evaluation, based on the 
comparison of cell culture growth rates, cell densities, and 
percent viabilities, demonstrates the New Brunswick S41i’s in-
dustry leading performance. This new CO2 incubator includes 
a robust New Brunswick triple eccentric drive shaker for ac-
curate and stable parameters required to grow non-adherent 
cells. The shaker drive is optimized for high performance 
within a humid and carbon dioxide rich environment.

Materials and Methods

Instruments
> New Brunswick S41i 

equipped with high-tem-
perature disinfection

> CO2 incubator shaker from 
competitor 1

> CO2 incubator shaker from 
competitor 2

> Vi-CELL® analyzer (Beckman Coulter, Germany)
> YSI® 2700 analyzer (YSI Life Science, USA)
> New Brunswick Galaxy® gas analyzer
> Omega® FMA-1608A thermal mass flow-meter (Omega 

Engineering, USA)
> Eppendorf consumables

- Research® plus, single channel pipette
- epT.I.P.S®

- Easypet®

Media and cells
> DG44 CHO cell (Invitrogen) 
> EX-CELL® CD CHO serum-free medium for CHO cells 

(Sigma)
> Hybridoma cell DA4-4; ATCC:HB57
> DMEM (ATCC)
> Fetal Bovine Serum 5% (Gibco)
> Penicillin-Streptomycin 100x (Gibco)

APPLICATION NOTE  No. 255 I July 2012

Nicole Seeligmüller, Eppendorf AG, Hamburg, Germany

APPLICATION NOTE  No. 372 

Abstract

With their exceptional capacity, high flexibility and speed, 
the members of the new Centrifuges 59xx family bridge 
a gap between traditional benchtop centrifuges and 
floorstanding centrifuges. Their impressive variety of 
applications is reflected by a multitude of applications 
in the fields of molecular and cell biology, such as, for 
example, the isolation of peripheral blood mononuclear 
cells (PBMC). This method is based on the application of 
Ficoll-Paque® density gradient centrifugation in 15/50 mL 
conical tubes, or blood collection tubes, respectively. 
Obtaining clean, well-separated PBMCs, and thus a maxi-
mum yield of viable cells, is essential in keeping sample 
loss to a minimum. The Multipurpose Centrifuges 5920 R 
as well as 5910 Ri delivered exceptional results for this 
application, even at acceleration/ deceleration rates of 9/3.  

Faster Isolation of PBMC Using Ficoll-Paque® 
Plus in the Eppendorf Multipurpose Benchtop 
Centrifuges 5920 R and 5910 Ri

Introduction

Human blood consists of equal parts of blood plasma and 
blood cells. These include erythrocytes (red blood cells), 
leukocytes (white blood cells) and thrombocytes (platelets). 
Leukocytes are further subdivided into different cell types. 
These include lymphocytes and monocytes, which (in co-
operation with other cells) form the basis of the innate im-
mune system and which, owing to their single nucleus, are 
referred to as peripheral blood mononuclear cells (PBMC). 
The term lymphocyte encompasses two major classes, 
B-lymphocytes and T-lymphocytes. B-lymphocytes are 
responsible for antibody production, whereas T-lymphocytes 
produce signal molecules which will ultimately lead to the 
removal of diseased or foreign cells.[1]

Lymphocytes are isolated from “buffy coats” (whole blood 
concentrates without serum). PBMCs can be separated 
from other components of the blood, such as erythrocytes 
and granulocytes, via density gradient centrifugation using 
Ficoll-Paque PLUS. Ficoll-Paque has a density of 1.007 g/mL. 
Due to their higher density, erythrocytes, granulocytes 
and dead cells will pass through the Ficoll layer, whereas 
lymphocytes and monocytes, based on their lower density, 
will accumulate at the plasma-gradient boundary (figure 2). 
This approach is concordant with the method for isolation  
of PBMC, developed by Bøyum in 1968.[2] [3]

Figure 1: Centrifuge 5910 Ri with Rotor S-4xUniversal

General Lab Product How Can I Improve Sustainability 
in My Lab?

WHITE PAPER  No. 71

Introduction

Sustainability, the holistic approach of integrating social, eco-
nomic, and ecologic aspects in our actions, is becoming  
a more and more important issue. Wherever we interact in our 
personal area, we face a growing list of sustainability aspects. 
For sure, this is definitely no longer a “nice-to-have” but a 
central issue in politics, society, and business. Companies are 
measuring their carbon footprint and initiating measures to 
become carbon-neutral, politics are setting up programs such  

as the Green Deal to meet the 1.5 °C target and to fulfill the 
Paris European Agreement, and movements out of the society 
are calling for more actions while giving advice what everyone 
can do to be more sustainable. 
We shop plastic-free, we go to work by bike, we switch off the 
lights to save energy, and we feel responsible for our environ-
mental impacts. And then we enter the lab… 

Executive Summary

The topic of sustainability receives more and more  
attention in the scientific community. In contrast to private 
life, habits, working processes, and equipment in labs are 
still far away from being really sustainable. How can we opti-
mize the workflows, reduce the power consumption, produce 
less plastic waste? The sustainability footprint  
of the laboratory is a multi-factor story. This White Paper 
proposes the first steps to improve the situation in your lab.

Kerstin Hermuth-Kleinschmidt, PhD¹ 

¹NIUB Sustainability Consulting, Germany

Rafal Grzeskowiak¹, Sandrine Hamels², Eric Gancarek2

¹Eppendorf AG, Hamburg, Germany; ²Eppendorf Application Technologies SA, Namur, Belgium

APPLICATION NOTE  No. 382 I October 2016

Abstract

Protein preparation and storage poses a critical step in a 
wide range of laboratory applications. Unspecific adsorp-
tion of protein molecules or peptides to polymer surface 
of lab consumables has been shown to be a substantial 
factor contributing to sample loss during storage/handling 
and to influence experimental results. Binding of protein 
samples was investigated here by using a sensitive 
fluorescence assay, and recovery rates were compared 

between tubes of different manufacturers referred to as 
“low binding”. The majority of tubes of different manufac-
turers tested showed very poor recovery rates (4 % - 12 %) 
after 24 h storage time and do not protect sufficiently 
against unspecific loss of protein samples. Eppendorf 
LoBind Tubes provided highest recovery rates of pro-
teins (95 %) and thus ensure utmost protection of protein 
samples.

Comparative Analysis of Protein Recovery 
Rates in Eppendorf LoBind® and Other 
“Low Binding” Tubes

Introduction

Protein preparation and storage pose critical steps in a wide 
range of laboratory applications including various methods 
in proteomics, molecular biology, forensics, and bio-pharma. 
Protein sample purity and yield in these methods have a 
strong effect on experimental results. They are a function of 
biological material quality and availability, of preparation and 
handling methods, but also of conditions and consumables 
used during preparation and storage [1].
Unspecific adsorption of protein molecules and peptides to 
polymer surface has been shown to be a substantial factor 
contributing to sample loss during storage and handling in 
lab consumables [2, 3, 4]. This process is largely conveyed 
via unspecific binding of hydrophobic domains in peptides 
and proteins to hydrophobic polymer surface, leading both 
to structural denaturation and decrease in concentration over 
relatively short time: up to 90 % of protein sample may be 
adsorbed within 24 h. [5] (fig. 1A). Unspecific sample and 

activity loss may be a critical factor influencing experimental 
results particularly when sensitive methods/assays or small 
sample amounts are used in proteomic, forensic, and other 
protocols. 

Whenever the topic of sustainability comes up in the scien-
tific community, there are many issues to consider which 
fall into one of two main categories: Energy consumption 
of laboratory instrumentation and plastic containers of 
biological, chemical, or radioactive waste. Large bags con-
taining used plastic tips, plates, and tubes are generated 
in most labs, based on different plastic types. In addition, 
lab employees are facing packaging materials made from 
a variety of different materials. Structured space and time 
dependent separation of the different compounds can help 
reduce the final amount of hazardous waste and increase 
the percentage of recyclable waste.

Laboratory Waste – Immutable Fact 
of Life, or Opportunity for Change? 
Dr. Jan Bebermeier, Dr. Joana Tziolis  
Eppendorf SE, Germany

Sustainability is becoming increasingly important in every-
day life. Wherever we interact in our personal area, we come 
across a growing number of sustainability topics. The same 
holds true for our interactions with you, our customers, in 
laboratories worldwide. 

Whereas just a few years ago the topic of sustainability was 
mainly driven by dedicated employees in academic institutes 
and research-based companies, there has been a noticeable 
change for some time now. Purchasing departments as well 
as procurement systems request information, and we see a 
growing interest in Eppendorf and our approach to sustain-
ability.
Progress and continuous improvements with respect to 
sustainability require open communication about product 
performance, as well as measures taken.

The many facets of sustainability in the laboratory
The disposal of packaging material, as well as products and 
related waste has thus far not been the focus of discussion. 
Manufacturers continuously develop and produce new 
products and consumers consistently add products to their 
labs; but old devices do not just disappear because some-
thing new arrives.  

Sustainability also includes the fate of used equipment, such 
as worn-out centrifuges or broken PCR cyclers, and it must 
address the question of what to do about used plastic-ware.
Even robust and well-designed products will reach the end  
of their lifetime. Depending on the type of product, as well  
as the frequency and style of their usage, this time frame  
will differ. This is also true for Eppendorf products.
Our R&D teams spend a lot of time on theoretical calcula-
tions of the lifetimes of the different parts of a new device. 
These calculated lifetimes typically exceed normal use in the 
lab by multiple times: Artificial aging-tests using automatic 
systems test, such as hinges or other mechanical parts, a few 
thousand or even ten thousand times. 

Much of our equipment is still in use after 8-10 years. But 
there comes a time when the device is worn out, or when it 
will consume far more energy than a new model.
The lifetime of single-use plastic tubes and tips is mostly 
extremely short compared to the lifetime of a pipette, a cen-
trifuge, or even a freezer. These consumables may end up as 
waste within seconds.
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Figure 1: Lab waste – a daily occurrence in the laboratory

PCR is one of the most popular methods in laboratories 
across the world and is routinely used in research, reference 
and clinical fields for various applications. Over the years, 
PCR technology has evolved with the needs of scientists; 
including developments like real-time PCR and digital PCR.
As time is one of the most precious factors in a laboratory, 
a decrease in amplification time and thus higher throughput 
are advantageous for every lab. A lot of efforts have been 
put into speeding up PCR reactions. One approach is 
the establishment of two-step thermal cycling protocols. 
Other developments include thermal cyclers with higher 
ramp rates and special kits containing polymerases with 
faster extension rates. However, a significant reduction 
in cycle times often requires specialized equipment and 
adapted procedures that may not be easily implemented in 
a standard lab. Therefore, typical standard end-point PCR 
protocols still take about an hour or more.
One reason fast or rapid PCR protocols are not widely-used 
yet is that the transfer of an established PCR protocol to a 
fast protocol often compromises PCR yield and specificity.

Furthermore, rapid protocols are often linked to very low 
reaction volumes (< 5 µL) and these are rarely applicable for 
standard applications. The use of special fast PCR master 
mixes does reduce runtimes but their full potential can only 
be realized in combination with fast thermal cyclers. The 
limiting factor here is the speed of heat transfer from the 
block to the sample. In the past, this limitation was mainly 
addressed by making the vessel walls thinner. Eppendorf´s 
approach is to use an alternative material with better heat 
transfer properties.
The results of this Application Note show that Eppendorf 
Fast PCR Tube Strips allow for an easy transfer of a 
standard PCR protocol to a fast PCR protocol without the 
need to switch to specialized equipment. Under fast PCR 
conditions, where standard PCR consumables limit the 
speed of heat transfer to the sample, the Eppendorf Fast 
PCR consumables offer a reliable alternative to significantly 
reduce PCR runtimes without compromising yield or 
efficiency. 
With their thermal conductive properties, they address a 
relevant end-point PCR bottleneck that still exists today.

Introduction

Reduced PCR runtimes and increased yields 
using Eppendorf Fast PCR Consumables
Kerstin Isermann¹, Arora Phang²
1,2Eppendorf AG, Hamburg, Germany

Abstract

Since the development of the polymerase chain reaction 
(PCR) in 1983, it has become one of the key techniques 
in molecular biology and diagnostics. Although the 
technique has undergone continuous refinement and 
frequent efforts were taken to increase the speed of 
the PCR, a typical protocol to amplify a specific DNA 
fragment still takes about an hour and is often regarded 
as time-relevant bottleneck in the workflow.

Here we show that the Eppendorf Fast PCR consumables 
allow an easy transfer from a standard to a fast PCR 
protocol without compromising reaction efficiency. 
The Fast PCR Tube Strips are made from polyethylene, 
offering better heat transfer properties than polypropy-
lene material that is typically used for PCR consumables. 
The improved thermal conductivity results in higher
amplicon yields under fast PCR conditions in comparison 
to standard and other fast PCR consumables. This 
helps to streamline workflows and to increase working 
efficiency in the lab.
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Whenever the topic of sustainability comes up in the  
scientific community, there is a broad range of matters  
to be considered. Besides bags with biological, chemical, 
or radioactive waste, ULT freezers in use 24/7 are on top 
of the list. The sustainability of a ULT freezer is not lim-
ited to energy consumption. The environmental footprint 
of a product is a multi-faceted story. This includes aspects 
about development, production, logistics, usage in the lab, 
and, finally, disposal. This White Paper shows the points 
of action by Eppendorf to improve our ULT freezers from 
the perspectives of R&D and production.

How to Develop and Assemble a  
Sustainable ULT Freezer? 
Dr. Jan Bebermeier
Eppendorf SE, Germany

Introduction

The importance and impact of sustainability on our lives 
increases every day. Wherever we interact in our personal 
lives, the topic of sustainability appears more and more often. 
The same holds true for the life in laboratories worldwide. 
Compared to a few years ago, talk of lab equipment is no 
longer limited to performance and price. The topics of sus-
tainability and the overall environmental impact of a product 
play an increasing role in the decision-making process. Sci-
entists, technicians, students, sustainability officers, and also 
purchasing departments and procurement systems, request 
information. At Eppendorf, we see a growing interest in our 
company’s commitments and approach to sustainability for 
all our products. This interest is split into two subtopics:
>  What is Eppendorf as a production facility/supplier doing 

to improve the sustainability of its freezers?
>  What can I do as a user in the lab to improve the sustain-

ability footprint of my ULT freezer?

Progress and continuous improvements with respect to 
sustainability require open communication about product 
performance and measures taken. In parallel, there are of-
ficial third-party certification processes like the ISO 9001  
and ISO 14001 for the Eppendorf Group, as well as ACT®  
and ENERGY STAR® certifications specific to ULT freezers.

In this White Paper, we focus on the first subtopic: What  
has been improved at Eppendorf, what is in progress, and 
where do we still see open tasks. The second subtopic is  
addressed in the separate White Paper 74.
Though a detailed life cycle analysis based on Scope 3  
(Scope 3 emissions describe greenhouse gas emissions  
along a company’s value chain) is still challenging, there  
are certain elements that can be examined in the life cycle  
of a freezer, especially its life before the unit is shipped to 
the laboratory. These include the sourcing of and type of  
material, the location of and conditions in production, 
improvements for new freezer generations, waste, power 
consumption, etc.

When it comes to energy consumption in the laboratory,  
ULT freezers at -80 °C are at top of the list. For the last  
decade, freezers were the very rare group of instruments  
where power consumption has always been important.  
Many suppliers publish the power consumption values of 
their ULT freezers.

The second major topic for freezers are the cooling liquids. 
Several years ago, ozone-depleting CFC (chlorofluorocarbon)-
based cooling liquids were phased out (based on the Montreal 
Protocol). 
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Figure 1: Production of ULT freezers is completed with a 24h test run

PCR is, among others, routinely used in research, 
diagnostics and industrial area. This technique was 
discovered in 1983 and was at that time a tedious, time 
and resource consuming process 1,2. Therefore, it is not 
surprising that the discovery of PCR was followed by the 
development of the first thermocycler 3. These machines 
rapidly evolved from metal blocks heated and cooled 
by water to Peltier heated and cooled metal blocks 4.  
Subsequently a heated lid 5 was added to get rid of the need 
to add mineral oil and still prevent evaporation. Optimizing a 
PCR protocol still proved to be tedious and time consuming. 
Every annealing temperature needed a separate PCR run. 
This quickly led to the development of the temperature 
gradient to run up to 12 different annealing temperatures in 
one go using a 96 well cycler 6.

The annealing temperature is the temperature that 
is classically optimized. Optimizing the denaturation 
temperature on the other hand is usually not a focus,  
since the impact of the annealing temperature is  
considered much bigger than the one of the denaturation 
temperature. However, different denaturation temperatures 
especially with GC-rich templates may lead to higher 
yield and thus should be kept in mind when talking about 
optimizing PCR. Our aim is to show that optimizing the 
denaturation temperature does yield benefits for many PCR 
reactions. The 2D-Gradient of the Mastercycler X50 offers 
for the first time a tool to optimize both temperatures at 
once thus providing 96 different conditions in a single PCR 
run (see figure 1).

Introduction

Using the Mastercycler® X50 and Its 
2D-Gradient to Increase Yield and  
Specificity of Your PCR

Abstract

The discovery of the polymerase chain reaction (PCR) in 
1983 led to the need for semi-automated devices to lessen 
the workload and improve reproducibility and productivity 
in the field of PCR. The development started with water 
bath based devices, led to Peltier heated devices, added 
a heated lid to reduce evaporation and to get rid of 
oil-overlays and subsequently to the invention of the 
annealing temperature gradient for easier optimization 
of PCR conditions. The latest addition to this line of 
inventions is the 2D-Gradient.

Here we show the use of the 2D-Gradient to eliminate 
unspecific signals and to increase product yield. The 
2D-Gradient allows for a temperature gradient during 
the denaturation step AND the annealing step in the 
same PCR run. This allows for 96 different conditions in 
one PCR run and thus to quickly screen for the optimal 
temperature combination, which finally saves time and 
resources.
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Liane Funke¹, Anne Kraus1, Florian Hilbers2, Sylke Winkler1

¹MPI CBG, Genotyping Facility, Pfotenhauerstr. 108, 01307 Dresden, Germany
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Introduction

Biomass harvesting is the initial downstream process step 
of every workfl ow related to bioprocess, such as DNA 
plasmid preparation or recombinant protein purifi cation. 
As soon as several liters of cell culture need to be handled, 
fl oor standing centrifuges in combination with large capacity 
rotors are commonly used, requiring sometimes successive 
runs to process the complete batch volume. Although its 
principle is relatively simple, this preliminary harvesting 

step consists of a succession of small, time-consuming steps 
to be repeated with every vessel to be centrifuged, starting 
from bottle fi lling, balancing, tight bottle closure and rotor 
loading to supernatant decanting, pellet recovery and fi nally 
bottle washing and autoclaving (as illustrated below). Conse-
quently, every feature that allows to simplify this process will 
greatly improve workfl ow effi  ciency.

Executive Summary

Equipped with a broad collection of diff erent fi xed-angle 
and swing-bucket rotors, the high-speed Centrifuges 
CR22N and CR30NX are perfectly fi tted for a wide range 
of applications, ranging from biomass harvesting to 
higher speed pelleting applications (up to 110,000 x g
in Centrifuge CR30NX*). 
One of the most common applications for these type of 
centrifuges is the harvesting of biomass, such as bacteria, 
yeast, or cell cultures. Processing batch volumes of several 
liters requires successive time-consuming steps to be 
repeated with every vessel to be centrifuged. It is now 
possible to reduce the number of bottles that are needed 
from six to four bottles with Rotor R9A2: The unique rotor 
design greatly improves the harvesting process effi  ciency 

by reducing the number of vessels needed with a similar 
centrifugation capacity and consequently the process time 
(32% time saving). Processing up to four bottles of 1.5 L 
(6 liters) at up to 15,100 x g, this fi xed-angle rotor is ideal 
for harvesting of bacteria, mammalian or insect cells, as 
well as algae or yeast. Moreover, the unique triangular 
wide-mouth bottles 1.5 L are specifi cally 
designed to improve process 
fl exibility by allowing to process 
any initial batch volumes, since 
no fi lling volume restriction 
is imposed in contrast to 
commonly used large volume 
centrifugation vessels.

Unique 4 x 1.5 L Capacity Rotor for High-
Speed Centrifuges CR22N and CR30NX
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Aurélie Tacheny
Eppendorf Application Technologies AG, Rue du Séminaire 21, 5000, Namur, Belgium

*With Rotor R25ST and Rotor R30AT

Cryopreservation is a technology for long-term storage of 
living cells at cryogenic temperatures (usually utilizing liquid 
nitrogen at -196 °C) while maintaining the cells structurally 
and functionally intact. At these ultra-low temperatures, 
the metabolic activity normally occurring at cellular level 
can remain suspended for an extended period of time [1]. 
Thus, establishing a master cell bank and working stocks, for 
example, can provide an inexpensive source of viable cells 
without significant deterioration in quality over years. 

Cryopreservation includes freezing, storage, and recovery. 
Best practices for successful cryopreservation have been estab-
lished [2, 3, 4]. Cells should be frozen at early passage numbers, 
in an actively growing state (log phase) and at an appropriate 
concentration, typically 1×106 to 5×106. Cells should be tested 
for absence of contaminants. The type of cryoprotectant and 
final concentration in the freezing medium, as well as potential 

additives to improve cell survival (e.g. serum), should be se-
lected according to recommendations for the specific cell type. 

The principle of successful cryopreservation is to freeze 
slowly and thaw rapidly. A controlled slow cooling at a rate of 
-1 °C/min down to -80 °C before transferring to ultra-low tem-
perature storage is required to prevent cell death by intracellular 
ice formation. Specialized containers paired with reliable ULT
freezers, or even programmable cell-freezing equipment, allow
for standardization of the freezing procedure [5, 6, 7].

In comparison, the most common method for thawing is still
submerging the cryovial in a 37 °C water bath for 2–3 minutes, 
prior recovery in pre-warmed media, and removal of cryopro-
tectant by centrifugation. A standardization is hardly possible.
Immersion depth and amount of movement of cells in the water
varies from time-to-time and person-to-person. Besides that, the 
warm, moist water bath can be a source of sample contamina-

Introduction

Standardized and Water-free Cell Thawing 
using the Eppendorf ThermoMixer® C with 
the Eppendorf SmartBlock™ cryo thaw

Abstract

APPLICATION NOTE I No. 437

Aurélie Tacheny1, Silvia Tejerina Vargas1, Nathalie Chandelier1, Jean-François Hoet1, Katja Karow2, Ines Hartmann2
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Variances in handling can hardly be eliminated, resulting 
in inhomogeneous vial-to-vial conditions between thawing 
processes. Moreover, the risk of introducing a contamina-
tion is high. The Eppendorf ThermoMixer C in combination 
with the Eppendorf SmartBlock cryo thaw has been opti-
mized for cell thawing. We show here that it is well suited to 
thaw cell lines and sensitive stem cells and provides more 
reproducible thawing conditions compared to existing meth-
ods. The method eases handling with the pre-set program 
‘Thawing cells’ and minimizes the risk of contamination. 

Cryopreservation allows for continuous access to func-
tional cells and is an indispensable technique in cell-based 
research and production. Successful cryopreservation de-
pends on multiple factors, like selection of cryoprotectant, 
storage conditions, and freezing and thawing procedures. 
Since cells are the basis for many downstream applications, 
consistent quality is critical. Standardization of processes 
can help to maintain this. While standardization in terms of 
media composition and freezing is often well established, 
the thawing procedure is still, in most cases, neglected. 
The water bath is the most common technique for thawing. 

Abstract

To transfer the productivity from R&D to production, an 
effective scale-up strategy is required to ensure the repro-
ducibility of both cell culture growth and antibody yields 
at large working volumes, ideally with little or no addition-
al optimization. The approach using constant power-input 
is a successful method for matching bioreactor yields 
at different scales. This study details the use of the new 
Scale Up Assist feature of the BioFlo 720 Bioreactor Con-
trol System to scale CHO batch cultures from 3 L over 10 L 
stirred-tank, rigid-wall BioBLU® Single-Use Bioreactors 
(SUBs) to either 50 L or 250 L stirred SUB-bags. Using a 
built-in constant power software algorithm, the Scale Up 

Assist specified what agitation and gassing set points to 
use for different vessel sizes. 

We cultivated Chinese Hamster Ovary cells (CHO) using 
BioBLU Single-Use Bioreactors and Thermo ScientificTM 
HyPerformaTM 50 L and 250 L SUBs. Our results 
demonstrated that the parameters provided by the new 
Scale Up Assist software resulted in similar cell growth 
and monoclonal antibody (mAb) production yields for all 
three vessel sizes. Adoption of the controller’s Scale Up 
Assist function can decrease process development time 
while also helping to ensure consistent mAb yields across 
vessel sizes and bioreactor platforms.

From Shaker to Pilot/Production Bioreactor:  
How Scale Up Assist Using the BioFlo® 720  
Bioreactor Control System Can Help Your Antibody 
Production Workflow.
Amanda Suttle, John Longsworth, and Ma Sha
Eppendorf, Inc., Enfield, CT, USA 
Contact: bioprocess-experts@eppendorf.com
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Introduction

Bioprocess development is often done at small or bench 
scale to save production costs, optimize ideal conditions for 
cultures, and shorten time to market. 
An effective strategy is required during scale-up to ensure 
matching cell growth in cultures and similar mAb or other 
protein production yields from small, bench, and pilot scale. 
However, sometimes these strategies to scale-up cell culture 
processes are not as straightforward as we would like. 
Many strategies have been established to streamline the  
scale-up of protein and mAb production. These strategies  

include keeping a constant tip speed across bioreactors,  
matching oxygen volumetric mass transfer coefficients 
(KLa), and maintaining constant impeller power per unit 
volume (P/V). We have previously utilized the Constant 
Power approach, manually calculated, for scale-up in both 
fermentation [1] and cell culture [10] applications. This 
method involves calculating impeller power dissipation per 
unit volume using Equation 1:

Np × ρ × N3 × d5
P/V = 

V

Arora Phang YL1, Andrew Taft2, Leta Steffen2, Adam Waite2

1Eppendorf AG, Hamburg, Germany; 2Promega, Madison, Wisconsin
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Abstract

The ever-increasing demand for gene amplification has 
pushed for faster, more robust tools that improve the 
speed of endpoint PCR without sacrificing the quality of re-
sults. The Mastercycler® X50s PCR cycler has established 
itself as the market leader in accelerating thermal cycling 
quickness. With the increased speed of Promega  
GoTaq® Rapid PCR Master Mix and Rapid 2-Step and 
3-step protocols, the combined system provides researchers
with a new tool to amplify samples in 15 minutes or less.

Breaking Barriers: Endpoint PCR 
in 15 Minutes or Less

Introduction

The technique of endpoint polymerase chain reaction (PCR) 
is a mature field that has spurred many developments in 
related fields. Advancement in instrumentation engineering, 
biochemical engineering, auxiliary plastic ware as well as 
hardware and software designs, combined to push this tech-
nique to be one of the most robust tools in the biological field. 
Over time, focus has shifted to the speed of PCR. To be able 
to complete a PCR in the shortest time possible not only 
hastens research but also accelerates the introduction of 
research results into commercial markets. The principle of 
fast PCR is simple at heart. If the ‘correct’ temperature is 
supplied, the process of denaturation, annealing and exten-
sion will happen instantaneously in the reaction. However, 
this ‘instantaneous’ reaction is limited by a combination of 
several factors including the technology and speed of the 
thermocycler, the heat transfer efficiency of PCR vessels, 
reaction volume, the purity and complexity of the DNA tem-
plate, as well as the extension rate of the polymerase used.

Manufacturers throughout the years have developed strate-
gies to overcome the various bottlenecks in achieving rapid 
PCR. Although the nature of the DNA template varies accord-
ing to the nature of experiment and remains a less control-
lable variable, the three indispensable technological barriers 
in PCR – thermal cycler, enzyme and PCR vessel technolo-
gies – can be overcome. The Mastercycler X50 developed by 
Eppendorf is currently the conventional thermal cycler with 
both the fastest speed and highest ramping rate in the mar-
ket [1]. The revolutionary Eppendorf Fast PCR Tube Strips 
made from polyethylene offer better heat transfer properties 
than polypropylene and allow PCR users to speed up time-
to-result using standard thermal cycler and consumables 
without the need for costly conversion to specialized equip-
ment [2]. And now, using Promega GoTaq Rapid PCR Master 
Mix and an accelerated 2-step protocol, the time required 
for PCR can be reduced to under 15 minutes and allow re-
search to keep pace with innovation.

Executive Summary

CO2 incubators provide an optimal cell growth environ-
ment by maintaining a humidified atmosphere with 
temperature and carbon dioxide control. These conditions 
not only promote cell growth, but also the growth of 
contaminants, like bacteria, yeast, molds and other fungi. 
The contamination-reducing features of an incubator’s 
functional design and the effectiveness of its self-decon-
tamination system must be considered in choosing an 
instrument. In this paper, we compare various strategies 
for preventing contamination in CO2 incubators, from 
the functional design of the device to self-disinfection 
programs. We also give some useful tips to prevent 
contamination when using CO2 incubators.

Effective Contamination Control 
with CO2 Incubators
Ines Kristina Hartmann¹, James Jarvis²

¹Eppendorf AG, ²Eppendorf, Inc.
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Introduction

Sources of contamination 
Contamination is a major cause of frustration when culturing 
cells. There are many sources of contamination, either direct 
or indirect. Direct sources are contaminated reagents, media 
or seed culture. Media and reagents from reputable suppliers 
are rarely delivered contaminated nowadays. New cell lines 
can introduce contaminants into the lab, especially when 
they are given from lab to lab. They should be quarantined 
before culturing with the rest of the cells. Direct con-
tamination can be prevented by stringent testing. Indirect 
sources of contamination include lab surfaces, equipment 
and personnel. Germs are spread predominantly by cross-
contamination. This can be prevented by good aseptic 
techniques, regular cleaning, and disciplined adherence 
to scheduled maintenance programs for equipment. Good 
functional design of equipment and regular use of automatic 
self-decontamination programs can further help 
to minimize contamination.

How do contaminants get into a CO2 incubator?  
The CO2  incubator may become an indirect source of con-
tamination. Unlike a biological safety cabinet, an incubator 
cannot prevent the influx of airborne contaminants, as the 
door must be opened during routine use. The incubator
chamber can also be contaminated by carelessness in aseptic 
techniques, and unnoticed splashes from cell culture vessels. 
Some CO2 incubators use a HEPA filter to remove microor-
ganisms from the air in the chamber, but if the filter is not 
changed regularly it can harbor and spread the germs. In 
addition, a HEPA filter is no protection against mycoplasma 
contamination as these microorganisms are only 0.1-0.3 µm 
in size and therefore are not filtered out.

Scale-Up of a Biosimilar Production Process with CHO 
Cells from Small to Bench Scale 
Franziska Janke, UGA Biopharma GmbH, Neuendorfstraße 20a, 16761 Hennigsdorf, Germany
Lars Kober, UGA Biopharma GmbH, Neuendorfstraße 20a, 16761 Hennigsdorf, Germany
Robert Glaser, Eppendorf Bioprocess Center, Rudolf-Schulten-Str. 5, 52428 Juelich, Germany
Contact: bioprocess-experts@eppendorf.com; info@ugabiopharma.com 
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Abstract

Bioprocess scale-up from small development scale 
to pilot and production scale is a fundamental part of 
process development in the biopharmaceutical industry. 
To reproduce process performance while increasing 
working volume, the optimal cellular environment must be 
replicated.

Scale-up often comes along with transference of the 
process to bioprocess systems with other properties, 
such as different geometries and engineering parameters. 
Depending on the scale-up strategy, parameters such as 
mixing time, oxygen transfer, and power input are to be 
considered. As it is usually not feasible to conserve all the 
parameters when scaling up, bioengineers must assess 
which are the most critical. Among the most important  

aspects of scale‐up are oxygen mass transfer and the 
dissolved oxygen (DO) concentration in the cultivation 
medium. Oxygen mass transfer depends mainly on the air 
sparge system, the gassing rate, oxygen concentration, 
selected impellers, their settings, power input and 
properties for gas dispersion.

In this study, we scaled up a CHO cell culture 
bioprocess from 1 L using a DASGIP® Parallel Bioreactor 
System to 5 L using a BioFlo® 320 Bioprocess Control 
Station. To develop a scale-up strategy, we partly 
compared power number and volumetric mass transfer 
coefficient (kLa) of the bioreactors. The results show that 
kLa value can be used as a suitable scale-up criterion from 
small to bench-scale. 

Introduction

Monoclonal antibodies and therapeutic proteins are an 
important segment for the biotech industry. The execution of 
a successful bioprocess scale-up and transfer of technology 
and activities enables a fast time to market approach, 
supply chain risk mitigations, and market access [1].  Also, 
from a regulatory perspective, the Quality by Design (QbD) 
approach that is promoted by the EMA and FDA requires 
detailed process and product understanding gained by a 
successful scale-up as well as a clear definition of critical 
quality attributes and critical process parameters. 

In the development of biosimilars, small bioreactors save 
time, material, and resources. With the ability to work in 
parallel, the DASGIP Parallel Bioreactor System equipped 
with 1 L vessels can be used to optimize bioprocess 
parameters, including temperature, shear stress, and 
pH regulation. In the case of large scale production, it is 
important to show that the results of the parallel system can 
be transferred to larger scales, such as the Eppendorf 5 L 
vessel of the BioFlo 320 system. Another advantage is that 
the higher harvest volume of the larger system provides 
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