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Your Benefits

Best Fit Solutions 
for Vaccine  
Development
Today's vaccines must meet stringent quality standards  
and must be developed and manufactured quickly and 
cost-effectively. Eppendorf’s best fit solutions with carefully 
selected tools are tailored to the individual needs of your 
vaccine development workflow. Let us support you to  
get your vaccine faster to market!

> Speed up & save time
> Rely on high-quality products
> Reproducibility across the entire workflow
> Use lab space efficiently
> Ease documentation
> Easy-to-use devices
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It All Started in 1500 BC
The history of vaccination begins with the fight against 
smallpox as early as 1500 BC. Chinese doctors ground up 
pieces of smallpox crust from infected people into a powder 
that was administered as a snuffing agent. People from Asia 
and Europe immunized themselves by transferring the 
vesicular contents of smallpox to healthy people.
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History facts: 
In 1796, after recognizing that cowpox-infected farm workers were immune to human
smallpox, Edward Jenner infected a boy by scratching the pathogens under the skin.
After infection with the more dangerous human smallpox, the boy did not fall ill.
Vaccination was born. Jenner called it »vaccine«, derived from the Latin word
for cow: vacca.

Today smallpox has been eradicated by human effort and is a milestone  
in public health history.

History facts:
In 1928, after 13 years of work, Calmette and Guérin had developed an oral tuberculosis
vaccine. After successful vaccination of 150,000 children and subsequent introduction in
Germany, 77 newborns died due to contaminated preparations. Because of this accident,
the introduction of the vaccine in Germany was delayed until after 2nd World War.

The incident however led to the birth of modern medical law in Germany 

TuberculosisSmallpox
Greatest Vaccination Disaster  
Of the 20th Century

The Birth of Vaccination

»The deviation of man from the stage in which he was originally placed by nature seems to have 
proved to him a prolific source of diseases. From the love of splendor, from the indulgences of 
luxury, and from this fondness for amusement he has familiarized himself with a great number  
of animals, which may not originally have been intended for his associates.
The wolf, now disarmed of ferocity, is now pillowed in the lady’s lap. The cat, the little tiger of our 
island, whose natural home is the forest, is equally domesticated and caressed. The cow, the hog, 
the sheep, and the horse, are all, for a variety of purposes, brought under his care and dominion.«

Edward Jenner, Vaccination against Smallpox, 1798

Vaccine Development –  
Challenge & Chance  
From the Start

History facts:
In 1894, Behring discovered antitoxin-containing blood serum from infected animals as
treatment against diphtheria, one of the most common causes of death among infants.
Immediately after the introduction mortality decreased fivefold. Only 4 years passed
to industrial production.
 
The antitoxin as immune serum is still used today and protects people all over  
the world from harm.

Diphtheria
»Behring’s Gold«
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History facts:
Bacteriologist Haffkine researched an inactivated vaccine against plague. Various clinical
trials were conducted in India and China with fluctuating results. In 1895, contamination
with tetanus spores caused all to die, which had been vaccinated with the respective
batch. This abruptly ended the use of the Haffkine vaccine.

While plague is still a dangerous disease, there are now improved 
diagnostic tools and effective treatment.

History facts:
In less than one year after the outbreak of the pandemic, several manufacturers
have developed and licensed Covid-19 vaccines, setting an all-time speed record from
research to market maturity. RNA vaccines against SARS-CoV-2 provide a disruptive
technology that has advantages in terms of production and good immunogenicity.

Now, mRNA technology is a rapidly growing field with 
many exciting developments on the horizon.

Rabies HIV

SARS-CoV-2Plague

A Daring Attempt Just the Beginning

Speed Record HolderAn Abrupt End

History facts:
When HIV discoverer Robert Gallo was asked after in 1984 when a vaccine would be
available, he replied, »in two years«. In the meantime, more than 35 years have passed.
HIV is a master at sidestepping and hijacking the immune response, its variability
and immune evasion strategies are fundamental challenges in vaccine development.

Even though a vaccine is still being developed, HIV is now a manageable 
chronic condition.

History facts:
Pasteur was the first to develop the vaccine strategy of attenuated pathogen administration
in 1885. He treated a boy bitten by a rabid dog with an increasingly virulent suspension
from an infected rabbit, which he simultaneously administered to a dog. The dog died,
the boy survived. This success prompted the founding of the Pasteur Institute in 1887.

Today, there is an effective vaccine for both humans and animals.
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Inactivated vaccines
Inactivated vaccines (e.g., for hepatitis A, rabies, polio)  
still carry the full repertoire of immunogenic components  
of the original pathogen. Proper inactivation is mandatory 
to avoid viral reactivation and replication in the host. 

+ �Pathogen inactivation by radiation, heat, or chemical
reagents ensures a superior safety profile and
advantages in terms of transport and storage.

– �Require processing of large quantities of the pathogen.
The inactivation process can affect the antigen immu
nogenicity. As the antibody titers reduces over time,
several booster doses are needed.

Live-attenuated vaccines 
Repeated subculturing in a foreign host belongs to the most 
common methods to obtain attenuation of live-attenuated 
vaccines (e.g., for variola virus, measles virus, rotavirus). 
With each passage, the virus becomes less virulent.  
The native viral antigen conformation is still preserved, 
mimicking the natural infection without causing disease. 

+ �Usually produce long-lasting robust cellular and humoral
immune responses with only one administration.

– �Safety issues in immunosuppressed people may occur,
weakened strains are difficult to obtain, development
time is long, and refrigeration obligatory.

Protein subunit vaccines
Protein subunit vaccines (e.g., for influenza, hepatitis B 
and C) are a proven strategy for decades and still today  
in the spotlight for pandemic management. 

+ �Require no production of the whole pathogen because
the vaccine consists of immunogenic viral or bacterial
fragments generated by recombinant protein techniques.
Since non-pathogenic, they are considered as safe.
Multiple expression systems for antigenic protein
components such as yeast, bacteria, insect, mammalian,
and plant cells, allow the production of large quantities
and to address unmet needs.

– �Establishment of a proper scale-up of antigen production
can be a major constraint. Several booster doses and
adjuvants are needed.

Virus-like particle vaccines
Virus-like particle vaccines are self-assembled viral  
structural proteins that mimic the native virus. This  
feature enables to trigger strong immune responses. 

+ �Lacking the viral genome, the safety profile is excellent
as the virus cannot replicate in the host. The production
is scalable and safe as no living virus or inactivation
steps are involved.

– �The particle assembly is sometimes challenging,
the manufacturing process complicated.

Nucleic acid vaccines
Nucleic acid vaccines are made up of mRNA or plasmid 
DNA encoding viral antigenic components to express 
specific proteins of a pathogen after injection. The  
technology of mRNA vaccines made its breakthrough  
with SARS-CoV-2. With dozens of potential applications 
including HIV, cancer, shingles, flu, cardiovascular  
applications, or Zika, It is a very promising technology. 

+ �Multiple advantages such as exceptionally fast
modifiability in response to mutations, high versatility,
high safety, and a fast, cost-efficient, and scalable
production in a cell-free system. Vaccines for multiple
indications can be produced using the same process.

– �During vaccination the mRNA must be delivered directly
into cells, which requires specific injection devices,
electroporation, or a carrier molecule. mRNA vaccines
exhibit instability and require a cold chain.

Traditional Vaccines

Strong Growing Vaccines

The Most Novel Vaccines

Numerous vaccine technology platforms evolved over the 
past decades. Today, addressing disease outbreaks and 
protecting the immuno-compromised population provides 
severe challenges and harbors significant growth potential. 
Traditional whole-pathogen vaccine platforms score with a 
proven track record for many diseases. While these vaccines 

still require cultivation of the pathogen, the newer generation 
such as recombinant protein and nucleic acid vaccines only 
require the genetic sequence of the pathogen. These break
through platforms can significantly accelerate development 
and manufacturing processes and unlock new potential for 
a broad range of indications at an unprecedented speed.

Vaccine Technology Platforms
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Improve Your Recombinant Protein Vaccine Discovery

Design of Antigen 
Expression Construct

Protein-Antigen
Expression

Optimization

Protein-Antigen
Characterization

Process
Development

Scaling Up
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In Vitro & Vivo
Screening

Protein-Antigen
Purification

* �For research use only. 
If you have any questions, please contact the Eppendorf Application Team.

Safe and consistent culturing of cells.
The CellXpert® C170i offers fast temperature and CO2 
recovery (< 5 min/s) and very stable environmental 
conditions for (e.g) virus host cells as well as reliable 
contamination prevention (e.g. 180 °C sterilization).

Increase efficiency and downstream quality.
The CR22N High Speed Centrifuge with up to  
58,700 × g speed enables the pelleting of small
insoluble particles to assure the quality of down
stream applications. Triangular bottles can speed 
up harvesting after protein-antigen expression.

Speed up protein characterization assays.
The Eppendorf Xplorer® enables quick filling of  
plates using the dispensing mode. When connected  
to the Pipette manager, an even quicker operation  
of the pipette is possible.

Protect your cells for protein-antigen production.
The New Brunswick S41i Incubator Shaker Design  
is ensuring minimum evaporation of media, stable 
conditions, and constant high humidity. Additionally, 
the high-temperature disinfection the seamless  
chamber design protect your cells during your initial 
R&D steps of overexpression optimization.

Maximize antigen retrieval. 
The LoBind® material guarantees maximum sample 
retrieval for sensitive assays (e.g.) during protein-anti-
gen characterization and lowest contamination risk.  
LoBind consumables are coating free and therefore, 
induce minimal risk of subsequent assay interference.

Constant antigen expression conditions.
The BioFlo® 320 Bioprocess Controller offers an  
integrated Scale-up Assist software to facilitate  
uncomplicated and intuitive upscaling from R&D  
to production scale

Automate your repetitive, routine tasks.
With the epMotion® you can use a variety of kits  
e.g. for plasmid isolation. The epMotion has an  
intuitive drag-and-drop-based software and full  
consumable flexibility.



1
2 4 6

7

53

4

5

521

6

74

5

3

Better mRNA Vaccine Development
Change History 15

Template design 
for In Vitro  

Transcription Template
Production in

Bacteria / via PCR

mRNA
Characterization

Process
Development

Scaling Up

In Vitro & Vivo
Screening

mRNA
Purification

Find the right conditions with fewer PCRs. 
The in vitro transcription for mRNA vaccines requires 
the amplification of long, sometimes GC-rich DNA 
templates. With the Mastercycler® X50 2D gradient 
function, up to hundreds of PCR conditions can be 
checked in one run, saving you time and money.

Safe and consistent culturing of cells.
The CellXpert® C170i offers fast temperature and CO2 
recovery (< 5 min/s) and very stable environmental 
conditions for (e.g) virus host cells as well as reliable 
contamination prevention (e.g. 180 °C sterilization).

Optimal transcription reaction conditions.
The Eppendorf ThermoMixer® allows easy and  
precisely controlled up-scaling of the in vitro  
transcription reactions for mRNA production. The 
optional ThermoTop further increases temperature 
homogeneity and prevents condensate formation.

Speed up In Vitro screening assays.
The Eppendorf Xplorer® enables quick filling of  
plates using the dispensing mode. When connected  
to the Pipette manager, an even quicker operation of 
the pipette is possible.

Boost mRNA yield and quality.
The liquid-free control system of the DASbox® Mini 
Bioreactor System ensures fast and precise tempera-
ture control of mRNA synthesis reactions. The variable 
speed pumps of the DASbox ensure accurate addition 
of reaction components to increase the efficiency of 
mRNA synthesis.

Automate your repetitive, routine tasks.
With the epMotion® you can use a variety of kits e.g. 
for mRNA purification. The epMotion has an intuitive 
drag-and-drop-based software and full consumable 
flexibility.

Maximize antigen retrieval. 
The LoBind® material guarantees maximum retrieval  
of proteins and nucleic acids. This improves the 
reproducibility of sensitive assays, e.g. during antigen 
characterization. No coating further minimizes the risk 
of downstream assay interference.

* �For research use only. 
If you have any questions, please contact the Eppendorf Application Team.

Smart and safe sample storage.
Safe Code Vials enable next level traceability when  
storing your mRNA at -80 °C. Get ID-specific consum-
able information for comprehensive documentation 
during your R&D phase. The ACT certified CryoCube 
freezers ensure energy efficiency and sample safety.
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Improve the Development of Viral Inactivated / Attenuated Vaccines
Change History 17

Host Cell
Selection & Culture

Small Scale
Virus Production

Virus
Characterization

Process
Development

Scaling Up

In Vitro & Vivo
Screening

Inactivation /
Attenuation

Thousands of PCRs in as little as 15 mins.
Large numbers of PCRs are required to amplify 
viral genomic information prior to sequencing. The 
Mastercycler® X50 with the 384-well silver block can 
process hundreds of PCRs in as little as 40 min and  
with a fast polymerase kit even in less than 15 min. 
Connect up to 50 devices for increased throughput.

Safe and consistent culturing of cells.
The CellXpert® C170i offers fast temperature and CO2 
recovery (< 5 min/s) and very stable environmental 
conditions for (e.g) virus host cells as well as reliable 
contamination prevention (e.g. 180 °C sterilization).

Ensure optimal assay performance.
Eppendorf Plates® LoBind® ensure maximum sample 
recovery during quantitative assays. They can be 
customized with barcodes for efficient sample tracking 
and are available printed with their LOT number.

Speed up virus characterization assays.
The Eppendorf Xplorer® enables quick filling of  
plates using the dispensing mode. When connected  
to the Pipette manager, an even quicker operation of 
the pipette is possible.

Reproducible PBMC isolation. 
The 5910 Ri centrifuge has soft acceleration/break 
ramps to for optimized PBMC isolation during Ficoll 
gradient separation and reduced stress on sensitive 
immune cells used in immunology assays.

Ensure optimal assay performance.
The LoBind® material guarantees maximum sample 
retrieval for sensitive assays. It also demonstrates  
low virus binding activities. LoBind tubes are free  
of surface coating for lowest contamination risk.

Smart and safe sample storage.
Safe Code Vials enable next level traceability when  
storing your sample at -80 °C. Get ID-specific consu
mable information for comprehensive documentation 
during your R&D phase. The ACT certified CryoCube 
freezers ensure energy efficiency and sample safety.

* �For research use only. 
If you have any questions, please contact the Eppendorf Application Team.

Automate your repetitive, routine tasks.
With the epMotion® you can use a variety of kits.  
The epMotion has an intuitive drag-and-drop-based 
software and full consumable flexibility.
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Best Fit Collaboration to 
Foster Innovation

For more than 75 years, Eppendorf supports customers in 
the areas of premium products, solutions, and services for 
customers around the world. Taking on the responsibility  
of our pioneer role we continuously develop our product 
portfolio to drive innovation in high-growth areas like the 
life science market. Permanently expanding our knowledge 

and expertise, learning from our customers and including 
customer feedback into product development are integral 
parts of our corporate philosophy.  
We evolve with the needs of our customers to  
make you stay ahead in the market!

> �Innovation: By permanently investing in our innovation
pipeline, we ensure that all our products meet current
and future market needs.

> �Sustainability: Sustainability is the key driver of inno
vation. With Eco friendly instruments and solutions to
reduce the impact on natural resources we empower
customers to reach their sustainability goals.

> �Seamless supply chain: To ensure a reliable supply
around the globe with short delivery times we
established stocks in proximity to our customers
and continuously improve our logistic footprint.

> �Premium service: Our lab sites around the globe
provide 24/7 technical service and application support.

> �Quality: Our products provide a reliable quality all over
the world and are designed to deliver reproducible
results every time and everywhere.

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

Head office

�Entity with regional/global sales, 
marketing, service, and product 
portfolio functions

�Sales subsidiary

�Sales office

�Distribution company and 		
pipette calibration lab

�Distribution company and 	
pipette calibration lab

�Calibration lab

�Competence center for research, 
development, and production

�Competence Center for research, 
development and production with 
sales company



Dirk Pape 
VP Global Supply Chain Management

Supply Chain
A seamless supply chain 
for short delivery times 

Ines Hartmann 
Application Specialist Cell Handling

Customer Support 
24/7 global expert support 
for international customers

Marlene Jentzsch 
Head of Division Separation &  
Instrumentation

Quality
Products that help customers 
improving their daily life

Enrico Jacobi 
Global Head of Sustainability & HSE

Sustainability
Reducing the impact on natural 
resources whenever it is possible

Katlin Heinemeyer 
Product Innovation Manager

Innovation
Driving innovation to reflect 
sustainability trends

Linette Philip  
Head of Portfolio Digital Solutions

Digitalization
Speeding up and 
improving innovation cycles

Two Minutes on...

We are your strong partner for pharmaceutical research!  
Learn how we strive to improve people´s living conditions  
beyond life science products.

Meet the People Behind the Scenes.
Watch Our Video Interview Series That  
Covers Various Topics Close to Our Heart.

Change History 21

https://youtu.be/lqjUgowtRtg
https://youtu.be/HalJmdfI9wQ
https://youtu.be/R6oTNPkBTCM
https://youtu.be/AO6FW0bclAE
https://youtu.be/PlXt-Z_PFsk
https://youtu.be/mjVY6f0OSkU


for premium performance
epServices

With our basket of Service and Extended Warranty 
Agreement solutions we take the load off your shoulders 
by simplifying your ordering and budgeting process for 
various services over the full lifetime of your instruments. 
Your costs become reduced and predictable, thereby 
assuring continuous productivity and a long service life. 

In addition, our agreements include repair costs – fully or 
partially – and discounts on other services. Benefit from 
assured premium performance for your peace of mind!

Installation Qualification and Operational Qualification 
services – GxP compliant
Are you working in a regulated environment? We now 
offer specifically created and revised Installation Qualifi
cation and Operational Qualification services including  
GxP compliant documentation. These documents support 
the complex GxP compliant standards and regulations 
reducing your administrative workload, and provide you 
with qualified assurance that your instrument is installed 
and operating in accordance with manufacturers’  
specifications.

Calibration and verification services
How do you know your experimental data is reliable?
Assuring the precision and accuracy of your instrument  
is maintained according to specifications is your first step 
to reliable results.

Preventive Maintenance services
How much do you rely on keeping your instrument in 
good working order? Our professional cleaning and 
maintenance services are aimed at the prevention of 
unexpected downtimes and failures by early detection of 
problems. 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

Sustainability Can Only Be 
Achieved in Collaboration

Change History 23

The fundamental principle of sustainability has always 
played a role at our company since its founding in 1945. 
Within the Eppendorf Group, our goal is to continue to 
grow and develop so that we do not exceed the bounds  
of our planet’s resilience now or in the future, and to 
ensure that our actions are aligned with society’s needs.

To achieve sustainable business activities, we identified 
eight key sustainability topics along our value chain.  
They are divided across four key strategic issues that 
guide our actions and activities as a responsible company:

Climate Change:
> Reduce CO2 emissions generated at our own production and administrative sites
> Reduce CO2 emissions arising at the customers’ end as a result of the use of our products

Natural resources:
> Prevent waste arising as a result of the use of our consumables
> Minimize waste arising as a result of our packaging
> Reuse and recycle resources and waste arising from our business activities

Social Compliance:
> Ensuring that our suppliers uphold fair labor conditions

Social Wellbeing:
> Promote the safety and health of our customers during the use of our products
> �Ensure diversity and equality of opportunity at our sites and lifelong learning

�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



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.

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.

APPLICATION NOTE  No. 423

Liane Funke¹, Anne Kraus1, Florian Hilbers2, Sylke Winkler1

¹MPI CBG, Genotyping Facility, Pfotenhauerstr. 108, 01307 Dresden, Germany
²Eppendorf AG, Barkhausenweg 1, 22339 Hamburg, Germany

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

WHITE PAPER  No. 64

Aurélie Tacheny
Eppendorf Application Technologies AG, Rue du Séminaire 21, 5000, Namur, Belgium

*With Rotor R25ST and Rotor R30AT

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

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

1Eppendorf Application Technologies, S.A., Namur, Belgium
2Eppendorf AG, Hamburg, Germany

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. 

Executive Summary

Digitalization has entered our lives, and we’ve seen 
a big push in the last year with video-conferencing 
being the new normal. This is also true for the lab, 
where we get used more and more to electronic lab 
journals, the digital management of our samples, 
chemicals, and consumables, or connected devices. 
Lab 4.0 is on the rise – and with it the promise to  
more efficiency, less resource consumption, and 
more sustainability. But is it that simple? What are 
the advantages, but also the challenges? What do we 
need to pay attention to and where should we focus 
to build a digitalized and sustainable laboratory – so 
that we can benefit from both trends?

Digitalization in the Lab −  
Really a One-Way Towards More 
Sustainability?

WHITE PAPER  No. 65

Digitalization, Sustainability & Green IT 

Sustainability gets more and more important. The society 
realizes the need for changes which includes the lab envi-
ronment as well. 
These changes imply a rethinking of our behavior and habits 
as well as our current use of resources, but it does not mean 
turning back everything to green roots. 
Rather, such a transformation process raises the questions 
of how to benefit from modern and future technologies to 
reduce the environmental, social, and financial load.
There is an emerging discussion in the scientific community 
how the sustainability trend can benefit from digitalization 
and related technologies.
These are not limited to the consumer world but also pro-
vide opportunities for the life science areas. For at least the 
last five years, there has been a clear trend to digitalize the 

lab world, connect devices, and benefit from cloud-based 
data. We are on the way to Lab 4.0 where automatization 
and digitalization plays a key role. Hence, processes will 
become more efficient, and also contribute to a more 
sustainable lab.

The COVID-19 pandemic has brought a big push in digitali-
zation throughout the entire business and private world. We 
all got used to video calls, online meetings and conferences 
as well as remote work. Also in science, digitalization has 
been accelerated: 
During the pandemic, scientific congresses and meetings 
were transferred into online sessions. Scientists were forced 
to reduce their travel activities and as a consequence, they 
reduced their CO2 emissions by a significant amount.  

Kerstin Hermuth-Kleinschmidt, PhD
NIUB Sustainability Consulting, Germany

Nicole Seeligmüller, Eppendorf AG, Hamburg, Germany
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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

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.

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
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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. 

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.

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.

APPLICATION NOTE  No. 400

CO2 Incubator Temperature Control:
What Is the Best Place For Your Cell 
Culture Vessels?
Jessica Wagener1, Frederic Stöhrer2, Aurélie Tacheny3 
1Eppendorf AG
2Eppendorf Instrumente GmbH
3Eppendorf Application Technologies SA

Executive Summary

Does it make a difference if cell cultures are incubated on 
the top shelf in the incubator or on the bottom shelf? Well, 
it certainly should not! But depending on the incubator 
you are using, it may not be a good idea to put sensitive 
cells near a circulating fan. Even if your incubator does 
not have a fan causing vibrations or increased evaporation 
of the culture medium, the incubator should provide a 
homogeneous temperature distribution throughout the 
complete chamber.

A CO2 incubator is the safe haven for your cells providing 
optimal atmospheric conditions. Sensitive primary or stem 
cells are especially susceptible to temperature increases and 
will react in adverse ways. When you are planning a com-
plex experiment, or use the cells for a certain application, 
you want to be sure that the location of the culture vessel 
inside the incubator has no impact on the cells and experi-
mental result. Just imagine if the temperature on the upper 
shelf is 37.5°C while it is 36.5°C on the lowest shelf. 

Temperature homogeneity in CO2 incubators  
(according to German DIN 12880:2007-05 norm) 
In CellXpert® CO2 incubators, the temperature homogeneity, or 
the spatial temperature deviation, was verified based on a test 
method that is defined in a German standard for ovens and in-
cubators (DIN 12880:2007-05). In this test, a set-up with not less 
than 27 temperature probes is used for measuring the tempera-
ture at different locations inside the incubator (Figure 1). 
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Fig. 1: Measurement set-up according to DIN 12880:2007-05 – 27 temperature 
probes placed at different locations on three shelves inside the CO2 incubator

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

Take a Deep Dive Into the Vaccine Solutions 
at Eppendorf and Read Our Literature:
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