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Camels, along with llamas and alpacas, have a special type of antibody called "camelid antibodies" or "heavy-
chain antibodies.”" These antibodies are smaller and simpler compared to the usual antibodies found in humans
and most other animals. Unlike typical antibodies that have two heavy chains and two light chains, camelid
antibodies are made up of only two heavy chains (VHH). This unique structure gives them several advantages,
making them valuable in research and potential medical applications.

Discovery of Camelid Antibodies

The initial intention of the research was to develop a serodiagnostic kit for detecting trypanosome
infections in water buffaloes and camels. The students and researchers working in Professor Raymond Hamer’s
laboratory isolated and analysed immunoglobulin-G (IgG) molecules from the serum of a dromedary camel.

To their surprise, they discovered a unique form of antibodies that differed from conventional antibodies found
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Figure 1. lllustration depicting the structure of the camelid antibody, contrasting it with a typical 1gG
antibody
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in humans and other animals. Unlike regular antibodies with two heavy and two light chains, camelid antibodies

were found to consist only of two heavy chains, which made them smaller and structurally simpler. These

unique heavy-chain antibodies were later named "nanobodies" or "VHH antibodies™ due to their small size.

Properties Camelid Antibodies

Camelid antibodies, also known as heavy-chain antibodies or nanobodies, possess several unigue

properties that make them valuable tools in research, diagnostics, and therapeutic applications. Here are some

of the key properties of camelid antibodies:
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Small size: Nanobodies are smaller than conventional antibodies found in humans and other animals.
They consist of a single monomeric variable domain (VHH) derived from a heavy chain, which is
approximately 15 kDa in size. This compact size allows them to access and bind to epitopes that may
be inaccessible to larger antibodies.

High stability: Camelid antibodies are known for their exceptional stability and resistance to various
harsh conditions, such as extremes of pH, high temperatures, and denaturing agents. This stability
makes them well-suited for applications that require robust antibodies.

High affinity and specificity: Nanobodies exhibit high binding affinity and specificity to their target
antigens. Their small size allows them to access hidden or recessed epitopes on target proteins, enabling
them to bind with high specificity.

Solubility: Camelid antibodies are generally soluble and easy to express in microbial systems, such as
bacteria or yeast. This characteristic simplifies the production and purification processes compared to
conventional antibodies.

Ease of engineering: Nanobodies can be easily engineered to improve their properties or to fuse them
with other functional molecules, such as enzymes, fluorescent proteins, or toxins. This flexibility
enhances their utility in various applications.

Tissue penetration: Due to their small size, nanobodies can efficiently penetrate tissues and reach
targets in hard-to-reach locations, including tumours or specific regions within organs.

Reduced immunogenicity: Camelid antibodies tend to be less immunogenic in humans compared to
conventional antibodies. This reduced immunogenic potential can be advantageous in therapeutic
applications to minimize unwanted immune responses.

Lack of Fc region: Unlike conventional antibodies, nanobodies lack an Fc region. This absence
eliminates the potential for Fc-mediated effector functions, which may be desirable in certain
applications where Fc-related interactions are not needed.

Rapid development timeline: The production of camelid antibodies can be relatively fast, allowing
for quicker generation and optimization of antibodies for specific targets compared to traditional

monoclonal antibody development.
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Figure 2. lllustration depicting the advantages of the camelid antibody

Therapeutic Applications
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Targeted therapy: Camelid antibodies can be engineered to specifically target disease-related
proteins, such as receptors on cancer cells or key components of pathogenic organisms. By delivering
therapeutic payloads directly to the affected cells, nanobodies can potentially enhance the efficacy of
treatments while reducing off-target effects.

Cancer therapy: Nanobodies have shown potential in cancer therapy by targeting tumour-specific
antigens. They can be used for imaging and diagnostics, as well as in the development of targeted
therapies, such as drug-conjugated nanobodies or nanobody-based immunotherapies.

Infectious disease treatment: Camelid antibodies can be employed to neutralize and inhibit the
activity of pathogens, such as viruses, bacteria, or parasites. They hold promise as antiviral agents and
might be utilized in the treatment of infections that are challenging to manage with conventional drugs.
Neurological disorders: Nanobodies could be utilized to target and modulate disease-related proteins
in neurodegenerative conditions, potentially offering new avenues for the treatment of diseases like
Alzheimer's and Parkinson's.

Autoimmune disorders: By targeting specific immune components or cytokines involved in
autoimmune responses, camelid antibodies may offer a more precise and personalized approach to
treating autoimmune diseases.

Cardiovascular diseases: Nanobodies can potentially be utilized to target specific proteins associated

with cardiovascular disorders, offering a hovel approach to treating heart-related conditions.
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7) Drug delivery: Nanobodies can serve as carriers for delivering therapeutic payloads, such as drugs or
imaging agents, to specific tissues or cells, thereby improving drug efficacy and reducing side effects.
8) Vaccine development: Camelid antibodies can assist in the discovery and design of new vaccines by
targeting critical epitopes on pathogens or toxins, enabling a more effective immune response.
Because of these properties, camelid antibodies have found applications in various fields, including
diagnostics, imaging, research tools, and therapeutics. Their versatility and unique characteristics make them
an attractive alternative to conventional antibodies in many scientific and medical contexts. As research in the
field advances, camelid antibodies are likely to play an increasingly important role in the development of
innovative and targeted therapeutic interventions for a wide range of diseases.
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