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Generation of Ab diversity
Even in the absence of antigen stimulation, a human can probably make more than 1012 different antibody
molecules--its preimmune antibody repertoire. Moreover, the antigen-binding sites of many antibodies can cross-
react with a variety of related but different antigenic determinants, making the antibody defense force even more
formidable. The preimmune repertoire is apparently large enough to ensure that there will be an antigen-binding
site to fit almost any potential antigenic determinant, albeit with low affinity. After repeated stimulation by antigen,
B cells can make antibodies that bind their antigen with much higher affinity--a process called affinity
maturation. Thus, antigen stimulation greatly increases the antibody arsenal.

Antibodies are proteins, and proteins are encoded by genes. Antibody diversity therefore
poses a special genetic problem: how can an animal make more antibodies than there are
genes in its genome? (The human genome, for example, contains fewer than 50,000
genes.) This problem is not quite as formidable as it might first appear. Recall that the
variable regions of both the light and heavy chains of antibodies usually form the antigen-
binding site. Thus, an animal with 1000 genes encoding light chains and 1000 genes
encoding heavy chains could, in principle, combine their products in 1000 × 1000 different
ways to make 106 different antigen-binding sites (although, in reality, not every light
chain can combine with every heavy chain to make an antigen-binding site). Nonetheless,
the mammalianimmune system has evolved unique genetic mechanisms that enable it to
generate an almost unlimited number of different light and heavy chains in a remarkably
economical way, by joining separate gene segments together before they are transcribed.
Birds and fish use very different strategies for diversifying antibodies, and even sheep and
rabbits use somewhat different strategies from mice and humans. We shall confine our
discussion to the mechanisms used by mice and humans.

We begin this section by discussing the mechanisms that B cells use to produce antibodies
with an enormous diversity of antigen-binding sites. We then consider how a B cell can
alter the tail region of the antibody it makes, while keeping the antigen-binding
site unchanged. This ability allows the B cell to switch from making membrane-bound
antibody to making secreted antibody, or from making one class of antibody to making
another, all without changing the antigen-specificity of the antibody.

Antibody Genes Are Assembled From Separate Gene Segments During
B Cell Development

The first direct evidence that DNA is rearranged during B cell development came in the
1970s from experiments in which molecular biologists compared DNA from early mouse
embryos, which do not make antibodies, with the DNA of a mouse B cell tumor, which
makes a single species of antibody molecule. The specific variable (V)-region and constant
(C)-region coding sequences that the tumor cells used were present on the same DNA
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restriction fragment in the tumor cells but on two different restriction fragments in the
embryos. This showed that the DNA sequences encoding an antibody molecule are
rearranged at some stage in B cell development (Figure 24-36).

Figure 24-36

Drawing of an experiment that directly demonstrates
that DNA is rearranged during B cell development.
The B cell tumor arose from a single B cell and
therefore makes a single species of antibody
molecule. The two radioactive DNA probes used are
specific (more...)

We now know that each type of antibody chain--κ light chains, λ light chains, and heavy
chains--has a separate pool of gene segments and exons from which a
single polypeptide chain is eventually synthesized. Each pool is on a
different chromosome and contains a large number of gene segments encoding the V
region of an antibody chain and, as we saw in Figure 24-33, a smaller number of exons
encoding the C region. During the development of a B cell, a complete coding sequence for
each of the two antibody chains to be synthesized is assembled by site-specific genetic
recombination (discussed in Chapter 5). In addition to bringing together the separate gene
segments and the C-region exons of the antibody gene, these rearrangements also
activate transcription from the gene promoter through changes in the relative positions of
the enhancers and silencers acting on the promoter. Thus, a complete antibody chain can
be synthesized only after the DNA has been rearranged. As we shall see, the process of
joining gene segments contributes to the diversity of antigen-binding sites in several ways.

Each Variable Region Is Encoded by More Than One Gene Segment

When genomic DNA sequences encoding V and C regions were first analyzed, it was found
that a single region of DNA encodes the C region of an antibody chain (see Figure 24-33),
but two or more regions of DNA have to be assembled to encode each V region. Each light-
chain V region is encoded by a DNA sequence assembled from twogene segments--a
long V gene segment and a short joining, or J gene segment (not to be confused with
the protein J chain (see Figure 24-23), which is encoded elsewhere in the genome). Figure
24-37 illustrates the genetic mechanisms involved in producing a human κ light-
chain polypeptide from a C-region exon and separate V and Jgene segments.

Figure 24-37

The V-J joining process involved in making a human κ
light chain. In the "germ-line” DNA (where the
antibody genes are not being expressed and are
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therefore not rearranged), the cluster of five J gene
segments is separated from(more...)

Each heavy-chain V region is encoded by a DNA sequence assembled from
three gene segments--a V segment, a Jsegment, and a diversity segment, or D gene
segment. Figure 24-38 shows the number and organization of the gene segments used in
making human heavy chains.

Figure 24-38

The human heavy-chain gene-segment pool. There
are 51 V segments, 27 Dsegments, 6 J segments, and
an ordered cluster of C-region exons, each cluster
encoding a different class of heavy chain.
The D segment (and part of the Jsegment) encodes
amino acids (more...)

The large number of inherited V, J, and D gene segments available for encoding antibody
chains makes a substantial contribution on its own to antibody diversity, but the
combinatorial joining of these segments (called combinatorial diversification) greatly
increases this contribution. Any of the 40 V segments in the human κ light-chain gene-
segment pool, for example, can be joined to any of the 5 J segments (see Figure 24-37),
so that at least 200 (40 × 5) different κ-chain V regions can be encoded by this pool.
Similarly, any of the 51 V segments in the human heavy-chain pool can be joined to any of
the 6 J segments and any of the 27 D segments to encode at least 8262 (51 × 6 × 27)
different heavy-chain V regions.

The combinatorial diversification resulting from the assembly of different combinations of
inherited V, J, and D genesegments just discussed is an important mechanism for
diversifying the antigen-binding sites of antibodies. By this mechanism alone, a human can
produce 287 different VL regions (200 κ and 116 λ) and 8262 different VH regions. In
principle, these could then be combined to make about 2.6 × 106 (316 × 8262) different
antigen-binding sites. In addition, as we discuss next, the joining mechanism itself greatly
increases this number of possibilities (probably more than 108-fold), making it much
greater than the total number of B cells (about 1012) in a human.

Imprecise Joining of Gene Segments Greatly Increases the Diversity of V
Regions

During B cell development, the V and J gene segments (for the light chain) and the V,
D, and J gene segments (for the heavy chain) are joined together to form a functional VL-
or VH-region coding sequence by a process of site-specific recombination called V(D)J
joining.Conserved DNA sequences flank each gene segment and serve as recognition sites
for the joining process, ensuring that only appropriate gene segments recombine. Thus, for
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example, a V segment will always join to a J or D segment but not to another V segment.
Joining is mediated by an enzyme complex called the V(D)J recombinase. This complex
contains two proteins that are specific to developing lymphocytes, as well as enzymes that
help repair damaged DNA in all our cells.

The lymphocyte-specific proteins of the V(D)J recombinase are encoded by two closely
linked genes called rag-1 andrag-2 (rag = recombination activating genes). The RAG
proteins introduce double-strand breaks at the flankingDNA sequences, and this is followed
by a rejoining process that is mediated by both the RAG proteins and the enzymes
involved in general DNA double-strand repair (discussed in Chapter 5). Thus, if
both rag genes are artificially expressed in a fibroblast, the fibroblast is now able to
rearrange experimentally introduced antibody genesegments just as a developing
B cell normally does. Moreover, individuals who are deficient in either rag gene or in one of
the general repair enzymes are highly susceptible to infection because they are unable to
carry out V(D)Jjoining and consequently do not have functional B or T cells. (T cells use
the same recombinase to assemble the gene segments that encode their antigen-specific
receptors.)

In most cases of site-specific recombination, DNA joining is precise. But during the joining
of antibody (and T cellreceptor) gene segments, a variable number of nucleotides are often
lost from the ends of the recombining gene segments, and one or more randomly chosen
nucleotides may also be inserted. This random loss and gain of nucleotides at joining sites
is called junctional diversification, and it enormously increases the diversity of V-region
coding sequences created by recombination, specifically in the third hypervariable region.
This increased diversification comes at a price, however. In many cases, it will result in a
shift in the reading frame that produces a nonfunctional gene. Because roughly two in
every three rearrangements are "nonproductive” in this way, many developing B cells never
make a functional antibody molecule and consequently die in the bone marrow.
B cellsmaking functional antibody molecules that bind strongly to self antigens in the bone
marrow are stimulated to re-express the RAG proteins and undergo a second round
of V(D)J rearrangements, thereby changing the specificity of the cell-surface antibody they
make--a process referred to as receptor editing. Self-reactive B cells that fail to change
their specificity in this way are eliminated through the process of clonal deletion (see Figure
24-13).

Antigen-Driven Somatic Hypermutation Fine-Tunes Antibody Responses

As mentioned earlier, with the passage of time after immunization, there is usually a
progressive increase in the affinity of the antibodies produced against the
immunizing antigen. This phenomenon, known as affinity maturation, is due to the
accumulation of point mutations specifically in both heavy-chain and light-chain V-region
coding sequences. The mutations occur long after the coding regions have been
assembled, when B cells are stimulated by antigen and helper T cells to generate
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memory cells in a lymphoid follicle in a peripheral lymphoid organ (see Figure 24-16). They
occur at the rate of about one per V-region coding sequence per cell generation. Because
this is about a million times greater than the spontaneous mutation rate in other genes, the
process is called somatic hypermutation. The molecular mechanism is still uncertain, but it
is believed to involve some form of error-prone DNA repair process targeted to the
rearranged V-region coding sequence by specific regions of DNA brought together by
V(D)J joining. Surprisingly, an enzyme involved in RNA editing (discussed in Chapter 7) is
required, but its function in the hypermutation process is unknown.

Only a small minority of the altered antigen receptors generated by hypermutation have an
increased affinity for the antigen. The few B cells expressing these higher-affinity receptors,
however, are preferentially stimulated by the antigen to survive and proliferate, whereas
most other B cells die by apoptosis. Thus, as a result of repeated cycles of somatic
hypermutation, followed by antigen-driven proliferation of selected clones of memory
B cells, antibodies of increasingly higher affinity become abundant during an immune
response, providing progressively better protection against the pathogen.

The main mechanisms of antibody diversification are summarized in Figure 24-39.

Figure 24-39

The four main mechanisms of antibody diversification.
Those shaded in greenoccur during
B cell development in the bone marrow (or fetal liver),
while the mechanism shaded in red occurs when
B cells are stimulated by foreign antigen and helper
T cells (more...)

The Control of V(D)J Joining Ensures That B Cells Are Monospecific

As the clonal selection theory predicts, B cells are monospecific. That is, all the antibodies
that any one B cellproduces have identical antigen-binding sites. This property enables
antibodies to cross-link antigens into large aggregates, thereby promoting antigen
elimination (see Figure 24-19). It also means that an activated B cell secretes antibodies
with the same specificity as that of the membrane-bound antibody on the B cell that was
originally stimulated.

The requirement of monospecificity means that each B cell can make only one type of
VL region and one type of VHregion. Since B cells, like most other somatic cells,
are diploid, each cell has six gene-segment pools encoding antibody chains: two heavy-
chain pools (one from each parent) and four light-chain pools (one κ and one λ from each
parent). If DNA rearrangements occurred independently in each heavy-chain pool and each
light-chain pool, a singlecell could make up to eight different antibodies, each with a
different antigen-binding site.
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In fact, however, each B cell uses only two of the six gene-segment pools: one of the two
heavy-chain pools and one of the four light-chain pools. Thus, each B cell must choose not
only between its κ and λ light-chain pools, but also between its maternal and paternal light-
chain and heavy-chain pools. This second choice is called allelic exclusion, and it also
occurs in the expression of genes that encode T cell receptors. For most other proteins
that are encoded by autosomal genes, both maternal and paternal genes in a cell are
expressed about equally.

Allelic exclusion and κ versus λ light-chain choice during B cell development depend on
negative feedback regulation of the V(D)J joining process. A functional rearrangement in
one gene-segment pool suppresses rearrangements in all remaining pools that encode the
same type of polypeptide chain (Figure 24-40). In B cell clones isolated from transgenic
mice expressing a rearranged μ-chain gene, for example, the rearrangement of
endogenous heavy-chain genes is usually suppressed. Comparable results have been
obtained for light chains. The suppression does not occur if the product of the rearranged
gene fails to assemble into a receptor that inserts into the plasma membrane. It has
therefore been proposed that either the receptor assembly process itself or extracellular
signals that act on the receptor are involved in the suppression of further gene
rearrangements.

Figure 24-40

Antibody gene-pool selection in B cell development.
To produce antibodies with only one type of antigen-
binding site, a developing B cell must use only one L-
chain gene-segment pool and one H-chain pool.
Although the choice between maternal and
paternal (more...)

Although no biological differences between the constant regions of κ and λ light chains
have been discovered, there is an advantage in having two separate pools
of gene segments encoding light chain variable regions. Having two separate pools
increases the chance that a pre-B cell that has successfully assembled a VH-region coding
sequence will go on to assemble successfully a VL-region coding sequence to become a
B cell. This chance is further increased because, before a developing pre-B cell produces
ordinary light chains, it makes surrogate light chains (see Figure 24-22), which assemble
with μ heavy chains. The resulting receptors are displayed on the cell surface and allow
the cellto proliferate, producing large numbers of progeny cells, some of which are likely to
succeed in producing bona fide light chains.

When Activated by Antigen, a B Cell Switches From Making a Membrane-
Bound Antibody to Making a Secreted Form of the Same Antibody
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We now turn from the genetic mechanisms that determine the antigen-binding site of an
antibody to those that determine its biological properties--that is, those that determine what
form of heavy-chain constant region is synthesized. The choice of the
particular gene segments that encode the antigen-binding site is a commitment for the life
of a B cell and its progeny, but the type of CH region that is made changes during
B cell development. The changes are of two types: changes from a membrane-bound form
to a secreted form of the same CH region and changes in the class of the CH region made.

All classes of antibody can be made in a membrane-bound form, as well as in a soluble,
secreted form. The membrane-bound form serves as an antigen receptor on the
B cell surface, while the soluble form is made only after the cell is activated by antigen to
become an antibody-secreting effector cell (see Figure 24-17). The sole difference between
the two forms resides in the C-terminus of the heavy chain. The heavy chains of
membrane-bound antibody molecules have a hydrophobic C-terminus, which anchors them
in the lipid bilayer of the B cell's plasma membrane. The heavy chains of secreted antibody
molecules, by contrast, have instead a hydrophilic C-terminus, which allows them to
escape from the cell. The switch in the character of the antibody molecules made occurs
because the activation of B cells by antigen (and helper T cells) induces a change in the
way in which the H-chain RNAtranscripts are made and processed in
the nucleus (see Figure 7-93).

B Cells Can Switch the Class of Antibody They Make

During B cell development, many B cells switch from making one class of antibody to
making another--a process called class switching. All B cells begin their antibody-
synthesizing lives by making IgM molecules and inserting them into the plasma
membrane as receptors for antigen. After the B cells leave the bone marrow, but before
they interact with antigen, they switch and make both IgM and IgD molecules as
membrane-bound antigen receptors, both with the same antigen-binding sites (see Figure
24-22). On stimulation by antigen and helper T cells, some of thesecells are activated to
secrete IgM antibodies, which dominate the primary antibody response. Later in
the immune response, the combination of antigen and the cytokines that helper
T cells secrete induce many B cells to switch to making IgG, IgE, or IgA antibodies.
These cells generate both memory cells that express the corresponding classes of
antibody molecules on their surface and effector cells that secrete the antibodies. The IgG,
IgE, and IgA molecules are collectively referred to as secondary classes of antibodies, both
because they are produced only after antigen stimulation and because they dominate
secondary antibody responses. As we saw earlier, each different class of antibody is
specialized to attack microbes in different ways and in different sites.

The constant region of an antibody heavy chain determines the class of the antibody. Thus,
the ability of B cells to switch the class of antibody they make without changing
the antigen-binding site implies that the same assembled VH-region coding sequence
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(which specifies the antigen-binding part of the heavy chain) can sequentially associate
with different CH-coding sequences. This has important functional implications. It means
that, in an individual animal, a particular antigen-binding site that has been selected by
environmental antigens can be distributed among the various classes of antibodies,
thereby acquiring the different biological properties of each class.

When a B cell switches from making IgM and IgD to one of the secondary classes of
antibody, an irreversible change at the DNA level occurs--a process called class
switch recombination. It entails deletion of all the CH-coding sequences between the
assembled VDJ-coding sequence and the particular CH-coding sequence that the cell is
destined to express (Figure 24-41). Switch recombination differs from V(D)J joining in
several ways: (1) it involves noncoding sequences only and therefore leaves the coding
sequence unaffected; (2) it uses different flanking recombination sequences and different
enzymes; (3) it happens after antigen stimulation; and (4) it is dependent on helper T cells.

Figure 24-41

An example of the DNA rearrangement that occurs in
class switch recombination. A B cell making an IgM
antibody from an assembled VDJDNA sequence is
stimulated by antigen and the cytokines made by
helper Tcells to switch to making an IgA antibody.
In (more...)

Summary

Antibodies are produced from three pools of gene segments and exons. One pool encodes
κ light chains, one encodes λ light chains, and one encodes heavy chains. In each pool,
separate gene segments that code for different parts of thevariable region of the light or
heavy chains are brought together by site-specific recombination during B celldevelopment.
The light-chain pools contain one or more constant- (C-) region exons and sets of variable
(V) and joining (J) gene segments. The heavy-chain pool contains sets of C-region exons
and sets of V, diversity (D), and J gene segments.

To make an antibody molecule, a VL gene segment recombines with a JL gene segment to
produce a DNA sequence coding for the V region of a light chain, and a VH gene segment
recombines with a D and a JH gene segment to produce a DNA sequence coding for the V
region of a heavy chain. Each of the assembled V-region coding sequences is then
cotranscribed with the appropriate C-region sequence to produce an RNA molecule that
codes for the complete polypeptide chain. Cells making functional heavy and light chains
turn off the V(D)J joining process to ensure that each B cell makes only one species
of antigen-binding site.

http://www.ncbi.nlm.nih.gov/books/NBK26860/figure/A4489/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK26860/#
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5084/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5724/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5062/
http://www.ncbi.nlm.nih.gov/books/NBK26860/figure/A4489/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A4830/
http://www.ncbi.nlm.nih.gov/books/NBK26860/figure/A4489/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK26860/figure/A4489/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5215/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5919/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5805/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5071/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5486/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5215/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5084/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5395/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5756/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5658/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A4830/
http://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A4882/


29/09/2018, 23*16Antibody production and experimental use

Page 11 of 29http://cmb.i-learn.unito.it/mod/book/tool/print/index.php?id=7162

By randomly combining inherited gene segments that code for VL and VH regions, humans
can make hundreds of different light chains and thousands of different heavy chains.
Because the antigen-binding site is formed where the hypervariable loops of the VL and
VH come together in the final antibody, the heavy and light chains can pair to form
antibodies with millions of different antigen-binding sites. This number is enormously
increased by the loss and gain of nucleotides at the site of gene-segment joining, as well
as by somatic mutations that occur with very high frequency in the assembled V-region
coding sequences after stimulation by antigen and helper T cells.

All B cells initially make IgM antibodies, and most then make IgD as well. Later many
switch and make antibodies of other classes but with the same antigen-binding site as the
original IgM and IgD antibodies. Such class switchingdepends on antigen stimulation and
helper T cells, and it allows the same antigen-binding sites to be distributed among
antibodies with varied biological properties.
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polyclonal/monoclonal
MONOCLONAL ANTIBODY PRODUCTION

Antibodies having single specificity produced from a single clone of B cell are referred as Mono clonal antibodies
(MAbs). In 1975, Georges Köhler and Cesar Milstein devised a method for preparing monoclonal antibody, which
quickly became one of immunology’s key technologies. The significance of the work by Köhler and Milstein was
acknowledged when each was awarded a Nobel Prize.

CONVENTIONAL METHOD OF MONOCLONAL ANTIBODY PRODUCTION:

Group of antibodies having different specificity produced from different clone of B cell is referred as polyclonal
antibodies. Antigens with multi-epitopes injected into mice. After an incubation period serum is isolated from mice.
It will contain antibodies against different epitopes and they are also produced from different clone of cells.
Serums with antibodies are known as antiserum which is produced against an injected antigen like antitoxin which
is nothing but antibody produced against toxins.

Antigens with multivalent epitope injected into mice. After incubation period B cells are isolated. They are
hybridized with myeloma cells with the help of fusogens different types of B cells are separated. Antibodies from
each type act as mono clonal antibodies.

Monoclonal antibodies are produced mainly by hybridoma technology.

HYBRIDOMA TECHNOLOGY:

It refers to the production of hybridoma cells by a technology. In this technology, cells of interest hybridized with
cancer cells. The aim of this technology is to provide immortality to the cells of interest.

When cells of interest fused with cancer cells with the help of fusogens like sendaivirus or polyethylene glycol
(PEG), first cytoplasmic membrane of two cells are fused to form heterokaryon i.e. cells with two different
nucleuses. Then the two nucleuses combined to form cybrid or hybrid cells. Hybrid cells contain combination of
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both cell nuclear materials but maintaining species usual chromosomal number by loss of extra chromosome. In
cybrid cells genetic material of either of the cell maintained completely and the other one is lost completely i.e.
cybrid cells are hybrids considering the cytoplasmic component.

Of the three possibility of cells like unfused cells, hybridoma cells and cybrid cells, hybridoma cells selected by
using HAT (Hypoxanthine Aminopterin Thymidine) medium.

How do you make an antibody that works?

https://www.youtube.com/watch?v=24Qq_wPCoSI
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animation

How do you make an antibody that works?

https://www.youtube.com/watch?v=24Qq_wPCoSI
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Hat medium selection

Hat medium selection
HAT MEDIUM SELECTION:

HAT selection depends on the fact that mammalian cells can synthesize nucleotides by two different pathways:
the de novo and the salvage pathways. The de novo pathway in which a methyl or formyl group is transferred
from an activated from of tetrahydrofolate, is blocked by Aminopterin, a folic acid analog. When the de novo
pathway is blocked, cells utilize the salvage pathway, which bypasses the aminopterin block by converting purines
and pyrimidines directly into DNA. The enzymes catalyzing the salvage pathway include hypoxanthine-guanine
phosphorribosyl transferase (HGPRT) and thymidine kinase (TK). A mutation in either of these two enzymes
blocks the salvage pathway. HAT medium contains Aminopterin to block the de novo pathway and hypoxanthine
and thymidine to allow growth via the salvage pathway. When two types of cells, one with a mutation in TK and
the other with a mutation in HGPRT are fused, only the hybrid cells will contain the full complement of necessary
enzymes for growth on HAT medium via the salvage pathway. Thus only hybrid cells will grow in HAT medium.
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Hybridoma technology

Hybridoma technology
MONOCLONAL ANTIBODY PRODUCTION BY HYBRIDOMA TECHNOLGY:

Monoclonal antibodies produced in the following steps:

1. Preparation of Cells
2. Fusion of cells
3. Selection of Hybridoma cells
4. Culturing of selected hybridoma cells
5. Screening of culture for antibody production
6. Propagation of screened colony
7. Isolation of antibodies

1. Preparation of Cells:

For the production of monoclonal antibodies, cells should be properly prepared. B cell and myeloma cells are
used for monoclonal antibody production. Genetic machinery of B cells should be modified as Ig , HGPRT and
TK . This is achieved through site directed mutagenesis process. These B cells are actually isolated from mice to
which antigen of our interest is injected and it also posses the ability of producing antibody against antigen of our
interest. Genetic machinery of myeloma cells are modified as Ig , HGPRT and TK . The reason for genetic
modification is to provide antibody producing ability to B cells and for selecting hybrid cell from the culture after
hybridization. Myeloma cells are used to provide immortality property.

2. Fusion of Cells:

After preparing B cell and myeloma cell, they are fused with the help of sendaivirus or polyethylene glycol (PEG).
These fusogens fuse the cells to produce fused B cells-myeloma cells, cybrid and hybrids. Some unfused cells
may also present in the medium.

3. Selection of Hybrid cells:

After fusing the cells with the help of fusogens they are placed in a culture medium with selection medium of HAT.
Aminopterin inhibits de novo nucleotide biosynthesis. When de novo synthesis inhibited cells can use salvage
pathway to produce nucleotides for that they require HGPRT and TK. Since one of this enzyme is absent in B
cells, myeloma cells and cybrids, they are unable to survive in the selection medium. Those hybrid cells which are
having functional HGPRT and TK are found to be capable of growing in selection medium. It can be otherwise
called as that they are selected in selection.

+ --- 

+

--- + ---
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4. Culturing of selected hybridoma cells:

After hybridoma cells are selected, they are cultured in microtiter wells in such a way that each well consists of
single hybridoma cells. So that, mono clone is produced i.e. Group of cells derived from single hybridoma cells.

5. Screening cells for antibody production:

Eventhough hybridoma cells survived in the selection medium and they also form clones, there ability to form
antibody is not tested yet. This property is tested using ELISA or RIA tests. Those clones which have the ability to
produce antibody of our interest are allowed for next step of monoclonal antibody production.

6. Propagation of screened clones:

It is nothing but culturing or allowing selected clone cells to grow in invitro or invivo conditions respectively. In
invitro technique clone cells are cultured in tissue culture flask with suitable medium. The production rate is found
to be 10 – 100micrograms per ml. In invivo method, selected clones are injected into the peritoneal cavity of
histocompatible mice and allowed to multiply and produce antibody. The rate of antibody production is 25
milligram per ml.

7. Isolation of antibodies:

In either of above methods, samples are collected and from these monoclonal antibodies are separated by affinity
chromatography and they are used for different studies.
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Types of mAbs

Types of mAbs
TYPES OF MONOCLONAL ANTIBODIES:

Following are the different types of monoclonal antibodies:

1. Immunotoxins
2. Chimeric Immunotoxins
3. Humanized antibodies
4. CDR grafted antibodies
5. Heterconjugate antibodies

A. Immunotoxins:

It is nothing but the complex of antibodies and toxins like ricin, diphtheria toxin etc., i.e. toxins linked to
immunoglobins at their Fc region. Immunotoxins are mainly used against tumors. When Immunotoxins for a
particular tumor cells injected, they reached the target cell with the help of antibodies. After their attachment to
tumor cells, it is taken up by tumor cells through endocytosis. After this, cellular metabolism interfered with the
help of toxins and cells died. Because of the use of monoclonal antibodies, toxins are directed towards specific
tumor cells.

B. Chimeric Immunotoxins:

The term chimera used because unlike Immunotoxins, toxin replaces one of the constant region domain of Ig
especially carboxy terminal domain of H chain. It can also be used to treat cancers. It is advantageous than
Immunotoxins in the sense that it won’t activate complements and consequent inflammatory reaction after binding
to the antigens. This is because of the lack of Fc region in chimeric Immunotoxins.
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C. Humanized antibodies:

When antibodies from mice injected as anti-tumor agents, they can stimulate immunogenic reactions against them
in the host. This can be avoided to certain extent using humanized antibodies. Humanized antibodies contain
constant region of both L and H chain derived from humans and variable regions derived from mice. It is named
so because of the presence of human gene coding regions. It can be used as diagnostic tool also.

D. CDR grafted Antibodies:

It is the modified form of humanized antibodies i.e. hypervariable region of both light and heavy chains variable
region gene only derived from mice. The remaining genes derived from human. It is used against cancer and it
also act as immunosuppressor. Usually in such cases, antibodies are directed against CD3 or CD4 components.
Because once these components blocked, activation of cell mediated immunity affected.

E. Heterconjugate antibodies:

The word hetero means that antibodies with different specificity i.e. different Paratopes having different specificity
in single antibody. This type of antibody specifically used to treat cancer. In this case, one paratope of antibody
directed against tumor cells whereas other paratope is directed against cytotoxic cells usually Tc cells. These
antibodies bring effective cytotoxic cells close to tumor cells, so that they are easily lysed by cytotoxic
mechanisms.

ABZYMES:

Antibodies with enzymatic activity are referred as abzymes. They are otherwise called as catalytic antibodies. The
binding of an antibody to its antigen is similar in many ways to the binding of an enzyme to its substrate. In both
cases the binding involves weak, non-covalent interactions and exhibits high specificity and often high affinity.
What distinguishes an antibody-antigen interaction from an enzyme- substrate interaction is that the antibody
does not alter the antigen, whereas the enzyme catalyzes a chemical change in its substrate. However, like
enzymes, antibodies of appropriate specificity can stabilize the transition state of a bound substrate, thus reducing
the activation energy for chemical modification of the substrate. The similarities between antigen-antibody
interactions and enzyme-substrate interactions raised the question of whether some antibodies could behave like
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enzymes and catalyze chemical reactions. To investigate this possibility, a hapten-carrier complex was
synthesized in which the hapten structurally resembled the transition state of an ester undergoing hydrolysis.
Spleen cells from mice immunized with this transition state analogue were fused with myeloma cells to generate
monoclonal anti-hapten monoclonal antibodies. When these monoclonal antibodies were incubated with an ester
substrate, some of them accelerated hydrolysis by about 1000-fold; that is, they acted like the enzyme that
normally catalyzes the substrate’s hydrolysis. The catalytic activity of these antibodies was highly specific; that is,
they hydrolyzed only esters whose transition-state structure closely resembled the transition state analogue used
as a hapten in the immunizing conjugate.
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Ig gene libraries

Ig gene libraries
IG GENE LIBRARIES CONSTRUCTION:

A quite different approach for generating monoclonal antibodies employs the polymerase chain reaction (PCR) to
amplify the DNA encoding antibody heavy chain and light chain Fab fragments from hybridoma cells. A promoter
region and EcoRI site are added to the amplified sequences and the resulting constructs are inserted into
bacteriophage lambda, yielding separate heavy and light chain libraries. Cleavage with EcoRI and random joining
of the heavy and light chain genes yield numerous novel heavy lights constructs. This procedure generates
enormous diversity of antibody specificities; clones containing these random combinations of H + L chains can be
rapidly screened for those secreting antibody to a particular antigen.

For example, in one study a million clones were screened in just 2 days, with over 100 clones being identified that
produced antibody specific for the desired antigen. The technique has the potential of producing an enormous
repertoire of antibody specificities without the limitations of antigen priming and hybridoma technology that
currently complicate the production of monoclonal antibodies.
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Applications of mAbs
APPLICATIONS OF MONOCLONAL ANTIBODIES: 

Monoclonal antibodies are proving to be very useful as diagnostic, imaging, and therapeutic reagents in clinical
medicine. Initially, monoclonal antibodies were used primarily as in vitro diagnostic reagents. Among the many
monoclonal antibody diagnostic reagents now available are products for detecting pregnancy, diagnosing
numerous pathogenic microorganisms, measuring the blood levels of various drugs, matching histocompatibility
antigens, and detecting antigens shed by certain tumors. Radiolabeled monoclonal antibodies can also be used in
vivo for detecting or locating tumor antigens, permitting earlier diagnosis of some primary or metastatic tumors in
patients. For example, monoclonal antibody to breast-cancer cells is labeled with iodine-131 and introduced into
the blood to detect the spread of a tumor to regional lymph nodes. This monoclonal imaging technique can reveal
breast-cancer metastases that would be undetected by other, less sensitive scanning techniques.

Mainly monoclonal antibodies applied in two fields namely, d iagnostic and t herapeutic field

I. Diagnostic Field:

For the following purposes, monoclonal antibodies used:

Leucocyte Identification
Lymphocyte subset determination
HLA typing
Viral detection and sub typing
Parasitic determination
Polypeptide hormone detection
Detection of cancer with tumor marker determination
Detection of cardiac myosin in cardiac injury
Pregnancy detection

In the above mentioned conditions, the basic principle is production of antibodies against antigen and
identification or quantification of antigen and antibody complex.

II. Therapeutic Field:

There are four different headings available in this field namely, 

- Anti-tumor therapy : In anti-tumor therapy, antibodies against tumor antigen produced and they are converted
into either Immunotoxins, or chimeric Immunotoxins or Heterconjugate antibodies. When these antibodies
utilized, they damage tumor cells and tumor growth controlled. These anti-tumor antibodies are called as
“magic bullets”.

- Immunosuppression : During transplantation between partially incompatible individuals, host versus graft
rejections are suppressed using monoclonal antibodies against TCR, BCR, Co-receptor complex and
cytokines etc., Hypersensitivity reactions are also treated with blocking monoclonal antibodies.
- Fertility control : By producing antibodies against HCG or trophoblast, fertility controlled.
- Drug toxicity reversal : Toxicity produced by drugs is treated using monoclonal antibodies against drugs, so
that the functions of drugs are blocked and effect reversed.
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Western Blotting

Western Blotting
Western Blot visual protocol: phase 1: Sample Preparation
In phase 1 of the western blot procedure, you will learn how to prepare your samples before
loading them into a gel. Here we isolate protein from cultured cells, quantify total protein
concentrations with a BCA assay, add loading buffer to the sample, and heat the sample.

Western Blot Visual Protocol: Phase 1: Sample Preparation

Western Blot visual protocol: Phase 2: Protein electrophoresis (SDS-PAGE)

In phase 2 of the western blot procedure, you will learn how to load a gel and separate the

proteins through electrophoresis, based upon protein weight. 

Western Blot Visual Protocol: Phase 2: Protein Electrophoresis (S…

Demystifying SDS-PAGE

https://www.youtube.com/watch?v=p0ZxmVBkayo
https://www.youtube.com/watch?v=HqmxLsHKxZE
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Demystifying SDS-PAGE

Western Blot visual protocol: phase 3: Membrane transfer
In phase 3 of the western blot procedure, you will learn how to transfer your proteins from the

SDS-PAGE gel onto a PVDF or nitrocellulose membrane. Here we remove the gel from the

cassette, and stack it in a sandwich comprised of a sponge, filter paper, the gel, membrane, filter

paper, and sponge. The negatively charged proteins will then transfer onto the membrane toward

the positive current.

Western Blot Visual Protocol: Phase 3: Membrane Transfer

 

Western Blot visual protocol: phase 4: Immunoblotting
In phase 4 of the western blot procedure, you will learn how to block the membrane, stain in with

Ponceau red, and add the primary and secondary antibodies. Vigorous washing when indicated

between these steps is essential for obtaining a clean blot. 

https://www.youtube.com/watch?v=8Io0pN5XGqI
https://www.youtube.com/watch?list=PL79DF2FB08E95D63D&v=VaXFwfkLdgw
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Western Blot Visual Protocol: Phase 4: Immunoblotting

 

Western Blot visual protocol: phase 5: Detection
In phase 5 of the western blot procedure, you will learn how to visualize your protein of interest

that was probed with specific antibodies in the previous step. Here we utilize the

electrochemiluminescent (ECL) to produce light where our antibodies are bound. This light is

collected by film or a camera for later analysis.

Western Blot Visual Protocol: Phase 5: Detection

https://www.youtube.com/watch?list=PL79DF2FB08E95D63D&v=098qhQ2V_B4
https://www.youtube.com/watch?list=PL79DF2FB08E95D63D&v=K-0fkJy2QCU
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Immunohistochemistry

Immunohistochemistry
In the immunocytochemistry visual protocol video, you will learn how to clean and coat coverslips, prepare cell culture
plates, and plate cells for ICC.

Immunocytochemistry Visual Protocol: Phase 1

In this video, you will learn how to coat coverships, prepare cell culture plats, plate cells for ICC, fix, permeabilize, block
and add a primary antibody to your plated cells, add a secondary antibody, wash the plated cells, double label and mount
your coverslips for analysis.

https://www.youtube.com/watch?v=oZKSYcba7s8
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Immunocytochemistry (ICC) Visual Protocol

In this video you will learn how to add your secondary antibody, wash the plated cells, double label, and mount your coverslips onto slides for

analysis.

Immunocytochemistry Visual Protocol: Phase 3

https://www.youtube.com/watch?v=5AcrhhHmQZs
https://www.youtube.com/watch?v=Ydmn-MBKaq0

