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Overview

This guide is designed to be your go-to resource for mastering cell culture
techniques. Whether you are a novice just starting out or an experienced
researcher looking to refine your skills, this guide provides a thorough and
practical approach to all aspects of cell culture. From setting up your lab and
maintaining sterility to detailed procedures for thawing, seeding, subculturing,
and cryopreservation, we cover everything you need to know to achieve reliable
and reproducible results.

Introduction

Cell culture is a fundamental technique in biological research, allowing the growth
and maintenance of cells in a controlled environment outside their natural context.
This method enables researchers to study cellular behavior, physiology, and
genetics in a simplified and controlled setting.

The practice of cell culture dates back to the early 20th century. It has evolved
significantly since then, with advances in technology and methodologies allowing
for more sophisticated and reliable cell culture systems. Today, cell culture is a
fundamental tool in biological research and biotechnology.

Cell culture plays a pivotal role in modern scientific research for several
reasons:

Drug Development and Testing

Cell cultures are extensively used in the pharmaceutical industry to screen potential
drug candidates. This allows for the assessment of a drug's efficacy and toxicity
before proceeding to animal or human trials, significantly reducing the risk and cost
associated with drug development.

Understanding Cellular Mechanisms
Researchers use cell culture to study cellular processes such as cell growth,
differentiation, and apoptosis (programmed cell death). This helps in understanding

how cells function in both normal and diseased states, providing insights into the
underlying mechanisms of various diseases.
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Cancer Research

Cancer cells can be cultured to investigate the behavior of tumors, how they
grow, and how they respond to different treatments. This knowledge is crucial for
developing effective cancer therapies and understanding the biology of cancer.

Genetic Research

Cell cultures enable the manipulation of genetic material, allowing scientists to
study gene function and expression. This is essential for research in genetics and
genomics, including the development of gene therapies.

Regenerative Medicine and Tissue Engineering

In regenerative medicine, cell culture techniques are used to grow tissues and
organs for transplantation. This has the potential to revolutionize treatments for
many conditions by providing viable tissue replacements.

Vaccine Production

Cell cultures are used to produce viruses for vaccines. By growing the virus in cell
cultures, scientists can develop vaccines more efficiently and safely.

Basic Biological Research

Many fundamental discoveries in biology have been made using cell culture
techniques. This includes understanding how cells communicate, how they respond
to external stimuli, and how they maintain homeostasis.

Cell culture is an indispensable tool in the realm of scientific research and
biotechnology. Its ability to provide a controlled environment for studying cells
offers unparalleled opportunities to advance our understanding of biology and
develop new treatments for diseases. The ongoing advancements in cell culture
technology continue to open new frontiers in research and medical science,
making it an essential practice for scientists worldwide.
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Part 1: Get Started

This guide is designed to be your go-to resource for mastering cell culture
techniques. Whether you are a novice just starting out or an experienced
researcher looking to refine your skills, this guide provides a thorough and
practical approach to all aspects of cell culture. From setting up your lab and
maintaining sterility to detailed procedures for thawing, seeding, subculturing,
and cryopreservation, we cover everything you need to know to achieve reliable
and reproducible results.

1.1 Lab Setup and Safety
1.1.1 Maintaining Sterility in Cell Culture

Maintaining a sterile environment is paramount in cell culture to prevent
contamination, which can jeopardize your experiments and lead to unreliable
results. Contaminants such as bacteria, fungi, and mycoplasma can proliferate
rapidly, overshadowing your cell cultures and affecting their growth and behavior.
Therefore, stringent sterility practices are essential to safeguard the integrity of
your research.

|. How to Keep the Environment Sterile

To ensure a sterile environment, start with the basics: proper lab setup and
meticulous hygiene. Your primary defense against contamination is the use of

a biosafety cabinet. This equipment provides a sterile workspace by filtering
the air and maintaining a clean area where you can handle cell cultures safely.
Always ensure that the cabinet is properly maintained, with regular cleaning and
certification.

Before beginning any cell culture work, sterilize your work area and all equipment
using appropriate disinfectants such as 70% ethanol. Wipe down surfaces
thoroughly and allow them to air dry to eliminate any potential contaminants.
Sterilization doesn’t stop there; all media, reagents, and consumables should be
sterilized using autoclaving or filtration methods. Ensure that all items are properly
stored in sterile conditions to prevent contamination.

Minimize airflow disturbances within the biosafety cabinet by working methodically
and avoiding rapid movements. Keep the number of items in the cabinet to a
minimum to ensure proper air circulation. Additionally, always work from "“clean to
dirty" to prevent cross-contamination.
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Minimize airflow disturbances within the biosafety cabinet by working methodically
and avoiding rapid movements. Keep the number of items in the cabinet to a
minimum to ensure proper air circulation. Additionally, always work from "“clean to
dirty" to prevent cross-contamination.

Regularly monitoring your cultures for signs of contamination is vital. Observe cell
morphology and growth patterns under the microscope and conduct routine tests
for mycoplasma and other contaminants. If contamination is detected, promptly
dispose of the affected cultures and thoroughly disinfect the work area to prevent
the spread.

By prioritizing sterility and adhering to these best practices, you can maintain a
contamination-free environment, ensuring the success and reliability of your cell
culture experiments. Ready to dive deeper? Let's explore the essential personal
protective equipment (PPE) that will keep you safe while working in the lab.

1.1.2 Personal protective equipment (PPE) to keep you safe

I. Why PPE is Essential

Personal protective equipment (PPE) is crucial in a cell culture lab to protect both
the researcher and the cell cultures from contamination. PPE creates a barrier that
minimizes the risk of introducing contaminants into the sterile environment and
protects you from exposure to hazardous materials.

ll. Types of PPE and Their Uses

Gloves are the first line of defense, protecting your hands from direct contact with
cells, reagents, and potentially hazardous materials. Always use sterile gloves and
change them frequently, especially after touching non-sterile surfaces.
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Lab coats provide an additional layer of protection for your clothing and skin. They
should be worn at all times in the lab to prevent the spread of contaminants. Make
sure your lab coat is clean and properly fitted to avoid any interference with your
work.

Safety goggles or face shields protect your eyes from splashes and aerosols that
can occur during pipetting or when handling liquid media. They are essential for
preventing eye exposure to harmful substances.

Face masks or respirators can be used to prevent inhalation of aerosols and to
protect cell cultures from contamination by respiratory droplets. Depending on the
level of risk, choose the appropriate type of mask for your specific tasks.

In addition to these primary PPE items, consider using hairnets and shoe covers to
further reduce the risk of contamination. Hairnets keep stray hairs contained, and
shoe covers prevent contaminants from being tracked into the sterile environment.

By consistently using the appropriate PPE and following lab protocols, you create
a safer and more controlled environment for your cell culture experiments. Proper
use of PPE not only protects you but also ensures the integrity of your research.
Now that you’re familiar with the importance of sterility and PPE, let's move on to
setting up your lab with the right instruments and consumables for successful cell
culture.

1.2 Equipment and Materials

Equipping your lab with the right tools and materials is essential for conducting
successful cell culture experiments. A well-prepared lab ensures that you have
everything you need at your fingertips, minimizing disruptions and maximizing
efficiency. This section will guide you through the essential equipment and
consumables necessary for a productive cell culture environment.

Incubators

Incubators are critical for maintaining the optimal environment for cell growth. They
regulate temperature, humidity, and CO2 levels to mimic the natural conditions
cells need to thrive. Regular calibration and monitoring are essential to ensure the
incubator maintains consistent conditions, which is crucial for reproducibility and
cell health.
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Biosafety Cabinets

A biosafety cabinet provides a sterile workspace by filtering the air and maintaining
a contamination-free environment. It's essential for handling cell cultures and

other sensitive biological materials. Proper use and maintenance, including regular
cleaning and certification, are vital to its effectiveness.

Microscopes

Microscopes are indispensable for observing cell morphology, assessing cell
health, and monitoring growth. Choose a microscope that suits your specific
needs, whether it's an inverted microscope for observing cells in culture dishes
or a fluorescence microscope for more detailed studies.

Centrifuges

Centrifuges are used for cell harvesting, washing, and separating components of
your cell culture. They allow you to collect cells from the culture medium efficiently.
Ensure the centrifuge is properly balanced and maintained to avoid disruptions
during your experiments.

Water Baths

Water baths provide a consistent temperature environment for warming media,
reagents, and other solutions. This is important for maintaining the viability of
cells and the stability of reagents. Regularly check the temperature accuracy and
cleanliness of the water bath.

Autoclaves
Autoclaves are used for sterilizing media, reagents, and equipment to ensure they

are free from contaminants. Proper use and maintenance are crucial, including
regular validation and monitoring of sterilization cycles to ensure effectiveness.



Media

Cell culture media is the nutrient-rich solution that supports cell growth. Different
cell types require specific media formulations, so it's important to select the
appropriate one. Store media under the recommended conditions and handle it
using sterile techniques to prevent contamination.

(For procurement needs, please visit:
https://www.pri-cella.com/p-cell_culture_media)

. &
4

Complete Growth Media Classical Basal Media

Pipettes and Pipette Tips

Pipettes are essential for accurate measurement and transfer of liquids. Use

the appropriate type and size of pipette for your specific needs, whether it's

a single-channel or multi-channel pipette. Pipette tips should be sterile and
compatible with your pipettes to ensure precision and prevent cross-contamination.

Flasks and Dishes
Flasks and dishes are the vessels where your cells will grow. Choose the
appropriate type and size for your cell culture. Adherent cells typically require

flasks with treated surfaces for optimal attachment, while suspension cells can
be grown in standard flasks or dishes.
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Trypsin

Trypsin is an enzyme used to detach adherent cells during subculturing. It’s
important to handle trypsin with care and use the correct concentration to
ensure efficient cell detachment without harming the cells. Store trypsin at the
recommended temperature to maintain its activity.

(For procurement needs, please visit:
https://www.pri-cella.com/search-cid-29-cname-cell_dissociation_reagents)

Trypsin

Serological Pipettes

Serological pipettes are used for transferring larger volumes of liquids. They are
typically used in conjunction with a pipette controller for ease of use. Ensure they
are sterile and stored properly to prevent contamination.

Cell Scrapers and Lifters

Cell scrapers and lifters are used to collect cells from the surface of culture flasks.
They are especially useful for harvesting cells that are sensitive to enzymatic
detachment methods. Ensure they are sterile and used appropriately to avoid
damaging the cells.
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Culture Plates

Multi-well culture plates are useful for experiments requiring multiple conditions
or replicates. They allow you to grow cells in separate wells, facilitating
high-throughput screening and comparison of different treatments.

By equipping your lab with these essential tools and materials, you set the stage
for successful cell culture experiments. Ensuring that everything is in place and
functioning properly allows you to focus on your research with confidence. Ready
to proceed? Let’s delve into the detailed procedures and techniques for culturing
cells successfully.
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Part 2: Cell Culture Basics

Understanding the basics of cell culture is crucial for any researcher working in
this field. This section will cover essential concepts that form the foundation of
cell culture techniques. By grasping these basics, you'll be better prepared to
handle cells, troubleshoot issues, and design experiments that yield reliable and
reproducible results.

2.1 Types of Cell Cultures

2.1.1 Primary Cells vs. Cell Lines

Primary Cells

Primary cells are isolated directly from tissues and retain many of the
characteristics of the tissue of origin. These cells provide a more physiologically
relevant model system, closely mimicking the in vivo environment. However,
primary cells have a limited lifespan in culture and can be more challenging to
maintain. They are also more susceptible to variations and require specific growth
conditions tailored to their tissue of origin.
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Cell Lines

Cell lines, on the other hand, are derived from primary cells but have been
immortalized, allowing them to proliferate indefinitely in culture. This makes them
easier to handle and more consistent for long-term experiments. Cell lines can
be categorized into finite cell lines, which undergo a limited number of divisions,
and continuous cell lines, which can divide indefinitely. While they are more
convenient, cell lines may exhibit genetic and phenotypic changes over time,
potentially diverging from the original tissue characteristics.

HelLa Cells

2.1.2 Adherent vs. Suspension Cultures

Adherent Cultures

Adherent cells require a surface to attach to for growth. These cells typically
originate from tissues that are anchored in place in the body, such as epithelial

or endothelial cells. Adherent cultures are grown in flasks or plates with treated
surfaces that promote cell attachment. During subculturing, these cells need to be
detached using enzymatic (e.g., trypsin) or mechanical methods. Adherent cultures
are often used in studies involving cell morphology, motility, and cell-to-cell
interactions.
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Suspension Cultures

Suspension cultures consist of cells that do not require attachment for growth.
These cells, often originating from blood or immune system tissues, are
free-floating in the culture medium. Suspension cultures are typically grown in
spinner flasks or bioreactors that keep the cells in constant motion, ensuring
even nutrient distribution. They are easier to handle during subculturing as they
do not require detachment processes. Suspension cultures are commonly used
for large-scale cell production and studies involving immune responses and
hematopoietic cells.

Understanding the differences between primary cells and cell lines, as well as
adherent and suspension cultures, is fundamental to selecting the appropriate
cell model for your research. Each type offers unique advantages and challenges,
and choosing the right one depends on your specific experimental needs and
objectives. Ready to move forward? Let’s explore the next topic: preparing and
maintaining your cell culture media.

2.2 Media Preparation
2.2.1 Selecting the Appropriate Media

Choosing the right culture media is vital for the successful growth and maintenance
of your cells. The media provides the necessary nutrients, growth factors, and
environment to support cell proliferation and function. Different cell types have
specific nutritional and environmental requirements, so selecting the appropriate
media is the first step toward achieving optimal cell culture conditions.

For primary cells, it's important to use media that closely mimic the in vivo
conditions of the tissue from which they were derived. This often means using
specialized media formulations that contain specific growth factors, hormones,
and supplements tailored to the needs of the particular cell type. Commercially
available media like DMEM (Dulbecco's Modified Eagle Medium), RPMI-1640,
and Ham's F-12 are commonly used for various cell lines, but always check the
specific requirements for your cells.

(For procurement needs, please visit:
https://www.pri-cella.com/search-cid-102-cname-primary_cell_complete_media)
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Cell lines, especially immortalized ones, are generally more adaptable and can grow
in standard media formulations. However, even among cell lines, preferences can
vary significantly. For example, some cancer cell lines might require higher glucose
concentrations, while others might need additional amino acids or vitamins. It's
essential to refer to the recommended media conditions provided by cell repositories
or previous literature to ensure you're using the optimal formulation.

(For procurement needs, please
visit:https://www.pri-cella.com/search-cid-103-cname-cell_line_complete_media)

2.2.2 Media Components and Their Functions

The composition of culture media is complex, with each component playing a
crucial role in supporting cell growth and function. Here's a breakdown of the key
components and their functions:

Basal Medium

The basal medium provides the primary nutrient foundation, containing essential
salts, glucose, amino acids, and vitamins. These components are crucial for
maintaining osmotic balance, providing energy, and supporting basic cellular
functions.

(For procurement needs, please visit:
https://www.pri-cella.com/p-classical_basal_media)

Amino acids are the building blocks of proteins, necessary for cell growth and
proliferation. Essential amino acids must be supplied in the media, as cells cannot
synthesize them. Media often include a mix of both essential and non-essential
amino acids to support protein synthesis and cellular metabolism.

(For procurement needs, please visit:

non-essential amino acids:
https://www.pri-cella.com/p-mem_non_essential_amino_acid_solution_neaa_100-pb
180424-316209

&

essential amino acids:
https://www.pri-cella.com/p-mem_amino_acid_solution_50-pb180425-653298)
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Vitamins are co-factors in enzymatic reactions, playing a critical role in cellular
metabolism and function. They are included in media to ensure that cells can carry
out essential biochemical processes.

(For procurement needs, please visit:
https://www.pri-cella.com/p-mem_vitamine_solution_100-pb180426-653299)

Salts maintain osmotic balance and provide ions necessary for cellular activities,
such as membrane potential regulation and enzyme function. Common salts in media
include sodium chloride, potassium chloride, and calcium chloride.

Glucose is a primary energy source for cells, fueling various metabolic pathways.
The concentration of glucose in the media can significantly affect cell growth and
metabolism, so it's important to use the recommended levels for your specific cell
type.

Serum, typically fetal bovine serum (FBS), is a rich source of growth factors,
hormones, and attachment factors that promote cell growth and viability. It also
contains proteins and lipids essential for cell membrane integrity and function.
However, serum can introduce variability, so serum-free or defined media are often
used for more controlled conditions.

Buffers, such as HEPES and sodium bicarbonate, help maintain the pH of the culture
medium within the optimal range for cell growth. Maintaining the correct pH is crucial
for enzyme activity and cellular processes.

(For procurement needs, please visit:
https://www.pri-cella.com/p-cell_buffer_salt_solution)

The Professional Cell Culture Empowers a Healthier World — 16—


https://www.pri-cella.com/p-mem_vitamine_solution_100-pb180426-653299
 https://www.pri-cella.com/p-cell_buffer_salt_solution

Antibiotics

Antibiotics like penicillin and streptomycin are often added to media to prevent
bacterial contamination. While useful, reliance on antibiotics should be minimized
as they can mask suboptimal sterile techniques and may affect cell behavior.

(For procurement needs, please visit:
https://www.pri-cella.com/search-cid-30-cname-antibiotics)

Phenol Red

Phenol red is a pH indicator included in many media formulations. It helps monitor the
pH of the media, turning yellow in acidic conditions and pink/red in basic conditions.
However, phenol red can sometimes interfere with certain assays, so phenol red-free
media are available for such applications.

By carefully selecting and preparing the appropriate media for your cell type, you
provide a solid foundation for healthy cell growth and successful experiments.
Ensuring that all components are fresh, properly stored, and correctly mixed will
contribute to the reliability and reproducibility of your cell culture work. Ready to
continue? Let’s delve into the specific procedures and techniques for subculturing
cells.
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Part 3: Detailed Cell Culture Procedure

In this section, we will delve into the specific procedures and techniques that are
crucial for successful cell culture experiments. Each step requires careful attention
to detail and adherence to best practices to ensure the health and viability of your
cells.
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3.1 Thawing Frozen Cells

3.1.1 Step-by-Step Thawing Process

Thawing frozen cells is a critical first step in reviving and expanding cell cultures.
Proper technique is essential to maximize cell viability and minimize stress during
the process. Here's a detailed step-by-step guide:

1) Preparation: Begin by gathering all necessary materials, including the
C cryovial containing the frozen cells, a water bath set to 37°C, sterile culture
S medium, and a biosafety cabinet. Ensure that the biosafety cabinet is properly
sterilized and all equipment is ready for use.

2) Thawing: Remove the cryovial from liquid nitrogen storage and immediately
place it in the 37°C water bath. Gently agitate the vial by swirling it in the water

%’( bath to ensure even thawing. This process should take about 1-2 minutes, or
until only a small ice crystal remains in the vial. Avoid prolonged exposure to
the water bath to prevent overheating and compromising cell viability.
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3) Transfer to Biosafety Cabinet: Once thawed, quickly transfer the cryovial

==h to0 the biosafety cabinet to maintain sterility. Wipe the outside of the cryovial
A with 70% ethanol before placing it inside the cabinet.
4) Dilution with Medium: Slowly add 1 mL of pre-warmed sterile culture
Z medium to the cryovial to dilute the DMSO (cryoprotectant) and minimize

osmotic shock to the cells. Gently mix the contents by pipetting up and down.

5) Centrifugation: Transfer the cell suspension to a sterile centrifuge tube
containing an additional 9 mL of culture medium. Centrifuge the cells at 300 x

@ g for 5 minutes to pellet the cells. This step helps to remove the DMSO from
the cell suspension.

6) Resuspension: Carefully aspirate the supernatant without disturbing the
ﬂ cell pellet. Resuspend the cells in 10 mL of fresh, pre-warmed culture medium
by gently pipetting up and down.

7) Seeding: Transfer the cell suspension to an appropriate culture vessel,
such as a flask or dish, and place it in the incubator set at 37°C with 5%
.
CO2. Allow the cells to attach and recover for 24 hours before changing the
medium.

1) Sterility: Always work in a sterile biosafety cabinet and ensure all materials and
reagents are sterile. Use aseptic techniques, such as wiping down surfaces with
70% ethanol and avoiding unnecessary movements that can disturb the sterile
field.

2) Speed: Thaw cells quickly but gently to minimize the time they spend outside of
optimal conditions. Rapid thawing helps to preserve cell viability.

3) Avoid Overheating: Do not leave the cryovial in the water bath for too long.
Overheating can damage the cells and reduce their viability.

4) Careful Handling: Handle the cells gently throughout the process to avoid
mechanical stress. Pipette slowly and avoid vigorous mixing.

By following these steps and tips, you can ensure a successful thawing process,

maintaining high cell viability and reducing the risk of contamination. Ready to move
forward? Let's proceed to the next topic: Plating Cells.
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3.2 Seeding Cells

Seeding cells at the correct density is essential for optimal growth and experimental
consistency. Determining the appropriate cell density involves calculating the
number of cells required per unit area of your culture vessel. Here’'s how you can
determine the cell density for seeding:

I. Cell Counting: Begin by harvesting your cells and resuspending them in a small
volume of culture medium. Use a hemocytometer or an automated cell counter to
count the number of viable cells in your suspension. This count will give you the
concentration of cells (cells per mL).

Il. Calculating Density
To determine the cell density for seeding, you need to know the desired cell density
per unit area and the surface area of your culture vessel.

Formula:
Total number of cells needed = Desired cell density x Surface area of the culture
vessel

Example:
If you need to plate cells at a density of 1x10% cells/cm? in a 25 cm? flask:
Total number of cells needed= 1 x 104 cells/cm? x25 cm?= 2.5 x10° cells

lll. Dilution
To dilute your cell suspension to achieve the desired concentration, use the
following steps:

1) Calculate the volume of cell suspension needed based on the desired number of
cells and the concentration of your stock cell suspension.

2) Adjust the total volume with fresh culture medium to reach the required final
volume.

Formulas:

Total number of cells needed

Volume of cell suspension needed = - -
Concentration of stock cell suspension
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Example:

If you need 2.5x10° cells in a total volume of 5 mL, and your stock cell suspension
has a concentration of 1x10° cells/mL:

1. Calculate the volume of cell suspension needed:

7 2103
Volume of cell suspension needed = "3'}10 cg]ls =0.25mL
1x10" cells 'mL

2. Calculate the volume of fresh medium needed:

Volume of fresh medum needed =5mlL —0.25ml =4.75mL

So, you would mix 0.25 mL of your cell suspension with 4.75 mL of fresh culture
medium to achieve the desired cell density for plating.
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Ensuring that cells are evenly distributed across the culture vessel is critical for
consistent growth and experimental results. Here are some tips for achieving even
distribution:

I. Pre-Wetting the Surface: Before adding the cell suspension, add a small volume
of culture medium to the culture vessel to wet the surface. This helps to prevent
cells from sticking unevenly and promotes uniform attachment.

Il. Gentle Pipetting: When adding the cell suspension to the culture vessel, pipette
the liquid gently against the side of the vessel to avoid creating bubbles. Bubbles
can cause uneven cell distribution and affect cell attachment.

lll. Swirling the Vessel: After adding the cell suspension, gently swirl the culture
vessel to evenly distribute the cells across the surface. Avoid vigorous shaking, as
this can cause cells to clump together or detach from the surface.

IV. Monitoring Distribution: After seeding the cells, observe the distribution under
a microscope to ensure they are evenly spread. If you notice uneven distribution,
gently tap the sides of the vessel or swirl it again to redistribute the cells.

V. Incubation: Place the culture vessel in the incubator carefully to avoid disturbing
the even distribution of cells. Allow the cells to attach undisturbed for at least 24
hours before changing the medium or moving the vessel.

By accurately determining cell density and following these tips for even distribution,
you can ensure consistent and reliable cell growth in your culture experiments.
Ready to move forward? Let's proceed to the next topic: Subculturing Cells.

3.3 Subculturing Cells

Subculturing, or passaging, is a critical technique in cell culture that involves
transferring cells from a crowded culture vessel to a new one to provide them
with more room to grow. This process typically involves trypsinization to detach
adherent cells from the surface of the culture vessel.
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1) Preparation: Begin by warming the trypsin-EDTA solution and culture medium to
37°C. Ensure that your biosafety cabinet is sterilized and all necessary equipment
and reagents are ready.

2) Aspirate the Medium: Carefully aspirate the spent culture medium from the flask
without disturbing the cell monolayer.

3) Rinse with PBS: Rinse the cell layer with sterile phosphate-buffered saline (PBS)
to remove any residual serum that could inhibit trypsin activity. Add enough PBS to
cover the cell layer, gently rock the flask, and aspirate the PBS.

4) Add Trypsin-EDTA: Add just enough trypsin-EDTA solution to cover the cell
layer. Typically, 1-2 mL is sufficient for a T-25 flask. Gently rock the flask to ensure
the entire cell layer is covered with the trypsin solution.

5) Incubate: Place the flask in the incubator at 37°C for 1-3 minutes. Monitor the
cells under a microscope to observe detachment. Cells will begin to round up and
detach from the surface. Do not over-incubate, as prolonged exposure to trypsin
can damage the cells.

6) Neutralize Trypsin: Once the cells have detached, neutralize the trypsin by
adding an equal volume of complete culture medium (containing serum). The serum
contains trypsin inhibitors that stop the trypsin activity.

7) Collect Cells: Gently pipette the cell suspension up and down to ensure all cells
are detached and in suspension. Transfer the cell suspension to a sterile centrifuge
tube.

8) Centrifuge: Centrifuge the cell suspension at 300 x g for 5 minutes to pellet the
cells. Carefully aspirate the supernatant without disturbing the cell pellet.

9) Resuspend Cells: Resuspend the cell pellet in an appropriate volume of fresh
culture medium. Gently pipette up and down to create a uniform cell suspension.

10) Seed Cells: Transfer the required volume of the cell suspension to new culture
vessels containing pre-warmed culture medium. Place the vessels in the incubator
at 37°C with 5% CO..



3.3.2 Splitting Ratios and Confluency

When subculturing cells, it's essential to consider the splitting ratio and the
confluency of the culture.

Confluency refers to the percentage of the culture vessel surface covered by cells.
Subculturing is typically performed when cells reach 70-90% confluency to prevent
overcrowding and ensure optimal growth conditions.

Il. Splitting Ratios:

The splitting ratio determines how much of the original cell culture is transferred to
the new vessel. Common splitting ratios include 1:2, 1:4, or 1:10, depending on the
growth rate of the cells and the experiment's requirements.

Formula for Splitting Ratio:

Volume of new medmum
Splitting Ratio

Volume of cell suspension needed =

Example:

If you have a 10 mL cell suspension and you want to split the cells at a 1:4 ratio:

10mL

Volume of cell suspension needed = =25mL

You would take 2.5 mL of the original cell suspension and add it to 7.5 mL of fresh
culture medium to achieve the desired splitting ratio.

By following these steps for trypsinization and understanding splitting ratios and
confluency, you can maintain healthy and proliferative cell cultures.
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3.4 Maintaining Cultures

Maintaining healthy cell cultures is essential for the success of your experiments.
Regular monitoring helps you to detect any signs of contamination, poor growth,
or changes in cell morphology early on. Here are key aspects to consider:

I. Visual Inspection:

Daily Checks: Inspect your cultures daily using a microscope. Look for changes
in cell morphology, such as cell rounding, detachment, or abnormal shapes, which
can indicate stress or contamination.

Confluency: Assess the confluency of the cells. Healthy cultures should grow
uniformly and reach the desired confluency (usually 70-90%) before subculturing.

Il. Growth Rate:

Doubling Time: Monitor the growth rate and doubling time of your cells.
Deviations from the expected growth rate can signal underlying issues such as
contamination, nutrient depletion, or senescence.

lll. Contamination:
Microbial Contamination: Watch for signs of bacterial, fungal, or yeast
contamination, such as turbidity, floating particles, or changes in medium color.

Mycoplasma Testing: Regularly test for mycoplasma contamination, which can
affect cell behavior and experimental outcomes without obvious signs.

IV. Cell Viability:
Trypan Blue Exclusion: Use the Trypan Blue exclusion method to assess cell

viability. Dead cells take up the dye, while live cells exclude it, allowing you to
calculate the percentage of viable cells.
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Regularly changing the culture media is crucial to provide fresh nutrients and
remove waste products, which helps maintain an optimal environment for cell
growth.

I. Media Change Frequency:

® Adherent Cells: Typically, change the media every 2-3 days. Adjust the
frequency based on the cell type, growth rate, and confluency.

® Suspension Cells: Suspension cultures may require more frequent media changes
or feeding, especially at high cell densities.

Il. Media Change Procedure:

® Preparation: Warm the fresh culture medium to 37°C before use. Ensure all
materials and equipment are sterile.

® Aspiration: Carefully aspirate the spent media without disturbing the cell layer.
For adherent cells, tilt the flask slightly to collect the media without touching the
cells.

® Adding Fresh Media: Add the pre-warmed fresh culture medium gently along the
side of the vessel to avoid disturbing the cells.

lll. Feeding Suspension Cultures:

@ Dilution and Feeding: For suspension cultures, remove a portion of the cell
suspension and replace it with an equal volume of fresh medium. This dilutes
waste products and supplies fresh nutrients.

IV. Monitoring pH and Nutrient Levels:

® Phenol Red Indicator: Monitor the color of the medium. A yellow color indicates
acidic conditions (waste accumulation), while a purple color indicates basic
conditions. Fresh medium should be a clear, reddish-pink color.

® Glucose and Lactate Levels: For high-density cultures, consider measuring
glucose and lactate levels to ensure adequate nutrition and prevent toxic build-up.
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3.5 Cryopreservation

Cryopreservation is an essential technique for storing cells over long periods
while maintaining their viability and functionality. Properly cryopreserved cells
can be thawed and cultured later, providing a reliable backup for your cell lines
and reducing the need for continuous subculturing.

To begin, ensure your cells are in their optimal growth phase, typically 70-90%
confluent. Healthy, rapidly dividing cells are more likely to survive the freezing
process. Here's a step-by-step guide to cryopreservation:

=

1) Preparation:

Freezing Medium: Prepare the freezing medium by mixing your standard
culture medium with 10% dimethyl sulfoxide (DMSO), which acts as a
cryoprotectant to prevent ice crystal formation. If your cell line is sensitive
to freezing, it is recommended that you adjust the cryoprotectant solution
formula based on actual testing conditions.

2) Harvesting Cells:
For adherent cells, trypsinize them to detach from the culture vessel.
For suspension cells, centrifuge to collect them.

3) Resuspending Cells:

Resuspend the harvested cells in the freezing medium at a concentration
of about 1-2 million cells per milliliter. Transfer the cell suspension into
cryovials, filling each vial to about 90% capacity to allow for expansion
during freezing.

4) Controlled Freezing:

Place the cryovials in a controlled-rate freezing container (e.g., Mr. Frosty)
filled with isopropanol. This container will gradually cool the vials at
approximately 1°C per minute. Place the container in a -80°C freezer and
leave it for at least 4 hours or overnight to ensure the cells are thoroughly
frozen.

5) Long-Term Storage:

After the initial freezing, transfer the cryovials to a liquid nitrogen storage
tank for long-term preservation. Recommend storing the vials in the vapor
phase of the liquid nitrogen to avoid potential contamination from the liquid
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The key to successful cryopreservation lies in controlling the freezing rate. A
slow, controlled freezing process is crucial to prevent cell damage. Rapid freezing
can lead to the formation of ice crystals, while overly slow freezing can cause
dehydration and cell death.

When it’s time to recover the cells, thaw them quickly by placing the cryovial in a
37°C water bath, gently swirling it until the contents are just thawed. Immediately
transfer the cells to a biosafety cabinet and proceed with the following steps:

I. Dilution and Centrifugation:
Add pre-warmed culture medium to the thawed cell suspension to dilute the
DMSO and reduce osmotic shock.
Centrifuge the cell suspension at 300 x g for 5 minutes to pellet the cells.
Il. Resuspension and Seeding:
Carefully aspirate the supernatant without disturbing the cell pellet.
Resuspend the cells in fresh, pre-warmed culture medium.

Transfer the cell suspension to an appropriate culture vessel and place it in the
incubator to allow the cells to recover and attach.
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Part 4: Troubleshooting and Tips

Despite best efforts, cell culture experiments can encounter a range of issues that
may affect the health and viability of your cells. This section focuses on identifying
common problems and providing practical solutions to help you maintain successful
cell cultures.

4.1 Common Issues and Solutions

4.1.1 Contamination: Prevention and Handling

Contamination is a frequent and frustrating issue in cell culture that can quickly
compromise your experiments. Contaminants such as bacteria, fungi, yeast, and
mycoplasma can infiltrate your cultures, leading to unreliable results and the
loss of valuable cell lines. Prevention is key to avoiding contamination. Always
work in a sterile environment, using a biosafety cabinet, and regularly clean and
disinfect surfaces with 70% ethanol. It's essential to use sterile tools, reagents,
and consumables, and to store them properly to maintain sterility. Minimizing the
time that culture vessels are open to the environment can also reduce the risk

of contamination. Good personal hygiene, such as washing hands and wearing
gloves and lab coats, plays a critical role in maintaining a sterile environment.

If contamination does occur, it's important to handle it promptly to prevent it from
spreading. Discard contaminated cultures immediately and thoroughly clean the
affected area. Autoclave or properly dispose of contaminated materials to ensure
they do not reintroduce contaminants into the lab. While antibiotics can be used
in the culture medium as a short-term solution, it's best to avoid long-term use as
it can lead to resistance and potential effects on cell behavior.

4.1.2 Cell Death: Identifying Causes and Remedies

Cell death can happen for various reasons, including contamination, nutrient
depletion, or suboptimal culture conditions. Identifying the cause of cell death is
crucial to finding the right remedy. For instance, contamination often results in
changes in medium clarity, color, and the presence of floating debris. If you notice
such signs, it's likely that contamination is the cause of cell death, and following
the handling steps mentioned above can help mitigate this issue.
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Nutrient depletion is another common cause of cell death. Monitoring the color

of the medium (which contains phenol red as an indicator) and observing the cell
growth rate can provide clues. If the medium turns yellow more quickly than usual,
it might indicate that the nutrients are being depleted rapidly, and you might need
to change the medium more frequently or supplement it with additional nutrients.

Environmental stress, such as inconsistent temperature, CO, levels, or humidity,
can also lead to cell death. Ensure that your incubator settings are consistent
and optimal. Regular maintenance and calibration of equipment are essential

to maintain the right culture conditions. For example, if cells are not growing as
expected, check the incubator temperature and CO, levels to ensure they are
within the recommended range for your specific cell type.

Poor cell growth can result from various factors, including suboptimal medium
composition, incorrect cell density, or inadequate culture conditions. Addressing
these factors can significantly improve cell proliferation. For instance, the medium
composition plays a crucial role in cell growth. Ensuring that the medium contains
all necessary nutrients, growth factors, and supplements is essential. Using medium
formulations appropriate for your cell type can make a significant difference. If you
suspect that the medium might be the issue, consider testing different formulations
to see which one best supports your cells.

Cell density is another critical factor. Seeding cells at the recommended density
helps to avoid overcrowding or under-seeding, both of which can negatively impact
growth. For example, if you notice that cells are growing slowly or not at all, check
the seeding density. Overcrowded cultures can exhaust nutrients quickly, while
under-seeded cultures might not have enough cell-cell interactions to promote
growth.

Maintaining optimal culture conditions, including temperature, humidity, and CO,
levels, is essential for healthy cell growth. Regularly monitor and adjust these
conditions as needed. If cells are not growing as expected, it's worth checking
the incubator settings and performing routine maintenance on all equipment.
Ensuring that cells are not exposed to unnecessary stress during handling, such
as rapid temperature changes or excessive agitation, can also help maintain
healthy growth.
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4.2 Best Practices

Maintaining a clean and well-functioning lab environment is crucial for successful cell
culture. Regular cleaning and maintenance of equipment help prevent contamination
and ensure that your tools are working correctly.

First and foremost, always clean your biosafety cabinet before and after each use.
Wipe down all surfaces with 70% ethanol, ensuring that any spills or residues are
thoroughly cleaned. Additionally, perform a deeper cleaning routine weekly, which
includes disinfecting all surfaces and checking the airflow filters.

Incubators should also be regularly maintained. Wipe down the interior surfaces with
a mild disinfectant and remove any spilled media or debris. It's a good practice to
keep a schedule for changing the water in the humidifying tray to prevent microbial
growth. Regularly check and calibrate the temperature and CO, sensors to ensure
the incubator is providing the correct environment for your cells.

Microscopes are essential for monitoring cell health and growth. Clean the lenses
regularly with lens paper and appropriate cleaning solutions to ensure clear visibility.
Also, check the alignment and calibration of the microscope to ensure accurate
observations.

Centrifuges, which are used frequently in cell culture, should be cleaned after each
use. Wipe down the rotor and interior with 70% ethanol, and check for any signs

of wear or damage. Regular maintenance checks, including balancing the rotor

and verifying the speed settings, can prevent accidents and ensure consistent
performance.

Autoclaves, which are used for sterilizing media, reagents, and tools, require regular
maintenance to function effectively. Follow the manufacturer's guidelines for routine
checks and maintenance, and ensure the autoclave is regularly validated to confirm
it is reaching the necessary temperatures and pressures for effective sterilization.

Accurate and consistent documentation is vital for reproducibility and
troubleshooting in cell culture experiments. Keeping detailed records allows you to
track the history and condition of your cultures, identify patterns, and troubleshoot
problems more effectively.
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Start by maintaining a cell culture logbook. Record the origin and passage number
of each cell line, as well as detailed notes on their growth conditions, medium
composition, and any treatments or manipulations performed. Include observations
on cell morphology, confluency, and any signs of contamination or abnormal
behavior.

When performing routine tasks such as subculturing or media changes, document the
date and any relevant details, such as the splitting ratio used, the volume of medium
added, and the cell density. This information helps you monitor the growth and health
of your cultures over time and can be invaluable for identifying issues.

It's also important to document any changes in procedures or protocols. If you modify
a standard method, note the changes and the reasons behind them, along with any
observed effects on the cells. This practice ensures that you can replicate successful
modifications and avoid repeating unsuccessful ones.

Digital tools can enhance documentation and record-keeping. Consider using
electronic lab notebooks (ELNs) to store and organize your data. ELNs allow for easy
searching, sharing, and backup of your records, making it easier to collaborate with
colleagues and preserve your work for future reference.
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Conclusion

Congratulations on reaching the end of this comprehensive cell culture guide!
We've covered the essential steps and best practices to help you achieve reliable
and reproducible results in your cell culture experiments. From setting up your lab
and maintaining sterility to mastering the detailed procedures of thawing, seeding,
subculturing, and cryopreserving cells, you are now equipped with the knowledge
and confidence to navigate the world of cell culture.

Getting Started: Importance of a sterile environment and proper lab setup with
essential equipment and consumables.

Cell Culture Basics: Understanding different types of cell cultures and the
significance of selecting the appropriate media.

Detailed Procedures: Step-by-step instructions for key processes like thawing
frozen cells, plating, subculturing, and cryopreservation.

Troubleshooting and Tips: Addressing common issues such as contamination,
cell death, and poor growth, along with maintaining best practices in cleaning,
maintenance, and documentation.

Cell culture is both an art and a science, requiring meticulous attention to detail and
a thorough understanding of the principles and techniques involved. By adhering to
the guidelines provided in this guide, you can ensure the health and viability of your
cell cultures, paving the way for successful experiments and meaningful scientific
discoveries.

We Are Here to Help
If you have any questions or need further assistance with your cell culture work,

please do not hesitate to reach out to us. We are committed to supporting your
research and helping you overcome any challenges you may encounter.
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