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A little updated syllabus:
1. Biochemical characteristics of proteins. Protein synthesis. The overview of the differences between the
eukaryotic and prokaryotic protein synthesis
2. Protein folding, 3D structure formation. Chaperons. Folding problems, folding diseases.

3. Protein sorting and targeting
4. The posttranslational modification of proteins and their analysis
5. Proteins as biological effectors (immunoglobulins, protein hormones, enzymes ….)

Lecture based on, but not limited to:
(see syllabus for official textbooks)

6. Recombinant protein technology
7. Heterologous expression systems
8. Protein purification and analysis
9. Production of human therapeutic proteins and enzymes
10. Large scale industrial protein production, GLP and GMP
11. Protein improvement: Protein engineering and design of more effective proteins
12. Protein improvement: Synthetic biology
http://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=0ahUKEwigst7xrzRAhUMIMAKHWBaCdYQFghTMAc&url=http%3A%2F%2Fwww.tankonyvtar.hu%2Fen%2Ftartalom%2Ftamop4
25%2F0011_1A_Proteinbiotech_en_pdf%2FProteinbiotech_EN.pdf&usg=AFQjCNHMIlyVaHk_XokHMZoi2yOBv1QXg&sig2=iE32zrxIIwGUaSXDIsCjAg

Assignment Hint:
You know that chloroplast TaXH gene improves salt tolerance in plants such as potato or pepper;
you wish to use this gene to engineer a salt-tolerant cranberry plant. Potato chloroplast TaXH
(pcTaXH) gene sequence is given below.
PcTaXH

5’-ATG CAG GGG AGA TTT TCC ......... CAT CGA ACA GAC CGA CGA TGA -3’

What strategy would you use to generate salt-resistant cranberries (hint: in terms of targeting)?
A) Need to clone it into an appropriate vector for expression in plant, using a promoter
that is active in cranberry (eg strawberry-specific promoter, or tomato fruit-specific
promoters may be a good place to start!)
B) Next, we need to make sure it’s targeted to the chloroplast, if we want it to
function....(yes, fruits do have chloroplasts – the reason for green color in unripe
fruit!)....Since we cannot tell from the sequence above whether such a targeting
sequence is present – we need to engineer it ourselves (what was chloroplast
targeting sequence ????)

4-cont’d..... Codon Optimization

What is Codon Usage ???

Codon usage biases are found in all eukaryotic and
prokaryotic genomes, and preferred codons are more
frequently used in highly expressed genes.
The effects of codon usage on gene expression were
previously thought to be mainly mediated by its
impacts on translation.

The relative synonymous codon usage (RSCU) is defined by
the frequency of a codon relative to the average frequency
of all of its synonymous codons in a set of highly expressed
genes

http://www.sci.sdsu.edu/~smaloy/MicrobialGenetics/topics/in-vitro-genetics/codon-usage.html

Codon usage frequencies change from organism to organism....
In turn, aminoacyl-tRNA species’ frequencies also change ...In turn affecting the rate of translation for that protein !
Furthermore, codon usage regulates protein function by affecting co-translational protein folding !!!

https://www.cell.com/molecular-cell/fulltext/S1097-2765(15)00576-6

The strategy to optimize protein production efficiency, therefore, is codon optimization of the gene of interest for
expression in the host organism ..... You get the same polypeptide expressed, but with the preferred codons of the
host....

Note : Pay attention to reading frames !!!!!
https://link.springer.com/article/10.1007/s40259-018-0261-x

1. tRNA abundance
Owing to different tRNAs identify several synonymous codons and
the content of these synonymous tRNAs are different, therefore,
the efficiency of translation also depends on the number of tRNA.
Preferred codons are those that can base pair optimally with the
most abundant tRNA.
2. Codon usage bias
There are obvious biases of synonymous codon in bacteria,
Escherichia coli, yeast and higher organisms. This can directly
affect the efficiency of translation. So when one gene is expressed
in a heterologous system, the codon usage bias should be taken
into account.

https://www.creative-biogene.com/support/Codon-optimization-protocol.html

3. Complete mRNA structure
Next to 5’UTR and 3’UTR, the complete mRNA structure also has
significant impact on the process of protein translation. Recently,
from the systematic study of major factors which affect the
protein expression, we know that the folding of mRNA, especially
the mRNA structure near the Ribosome Binding Site (RBS), plays
an important role in protein expression. For example, the level of
protein expression can be greatly improved by reducing the
secondary structure near the start codon.

Translational attenuation

https://slideplayer.com/slide/7430578/

Assignment 2a :

Similar to the example to the left, you want to optimize
the gene sequence below for expression in E. coli. What
would be your strategy? How would you re-design the
coding sequence?

Human gene XYZ 5’- ATG CAG CGG TAT TCC AAG ACA AGA GGA GGC GCG ATT CTT TAG – 3’

?

5. Proteins as biological effectors (immunoglobulins, protein hormones, enzymes ….)

From a simplistic point of view, based solely on
comparison
of
the
structural
diversity
of
immunoglobulins,
blood
coagulation
proteins,
gonadotropins, growth factors etc, it could be concluded
that the functional mechanisms of these protein families
bear little or no relationship.
Despite this enormous divergency in structure-function
relationship, there are in fact elements of commonality in
their effector roles arising as a direct consequence of the
ability of these classes of protein effectors to act as
exquisite examples of the processes of biorecognition

Immunoglobulins
Immunoglobulins are heterodimeric
proteins composed of two heavy (H)
and two light (L) chains.
They can be separated functionally
into variable (V) domains that binds
antigens and constant (C) domains that
specify effector functions such as
activation of complement or binding to
Fc receptors.
The variable domains are created by
means of a complex series of gene
rearrangement events, and can then
be
subjected
to
somatic
hypermutation after exposure to
antigen to allow affinity maturation.

Different subtypes of immunoglobulins:

Immunoglobulin-antigen interactions typically take place between
the paratope, the site on the Ig at which the antigen binds, and
the epitope, which is the site on the antigen that is bound.

In vivo, immunoglobulins tend to be produced against intact
antigens in soluble form, and thus preferentially identify surface
epitopes that can represent conformational structures that are
noncontiguous in the antigen’s primary sequence.
This ability to identify component parts of the antigen
independently of the rest makes it possible for the B cell to
discriminate between two closely related antigens, each of which
can be viewed as a collection of epitopes. It also permits the same
antibody to bind divergent antigens that share equivalent or
similar epitopes, a phenomenon referred to as cross-reactivity.

An epitope, also known as antigenic determinant, is the part of
an antigen that is recognized by the immune system, specifically
by antibodies, B cells, or T cells. For example, the epitope is the
specific piece of the antigen to which an antibody binds.

Several different antibodies can attack antigens in different areas. If
an antigen evolves a different structure a specific antibody may no
longer be able recognize and bind to it.
Having multiple antibodies for a single antigen makes it more
difficult for pathogens to evolve a form that is not recognized by
the host. The coating of an antigen with multiple antibodies also
means that it may be recognized and destroyed more rapidly by
other components of the immune system.

The antibody is usually obtained by refining the
protein of interest and injecting it in a rabbit or
mouse. However, this takes a significant period of
time and there are many cases in which antibody
creation fails (absence of epitope – will be discussed
later).
However, recent advances in DNA recombination
technology have made it possible to create a fused
protein in which the protein of interest is bonded
with a small fragment of protein (peptide) working as
the epitope. The proteins tagged with an epitope can
then be detected by using a specific antibody for the
epitope.

Humoral (body fluid) immunity is the aspect
of
immunity
that
is
mediated
by macromolecules found in extracellular
fluids such as secreted antibodies, complement
proteins, and certain antimicrobial peptides.
The principal function of B cells is to make
antibodies against soluble antigens
B cell activation depends on one of three
mechanisms: Type 1 T cell-independent (polyclonal)
activation, Type 2 T cell-independent activation (in
which mature B cells respond to highly repetitive
structures causing cross-linking of the B cell
receptors on the surface of B cells), and T celldependent activation. During T cell-dependent
activation, an antigen presenting cell (APC) presents
a processed antigen to a T helper cell (Th), priming
it. When a B cell processes and presents
the same antigen to the primed Th cell, the T cell
releases cytokines that activate the B cell

Cellular immunity protects the body by:
1) T-cell mediated immunity or T-cell immunity :
activating antigen-specific cytotoxic T cells that are
able to induce apoptosis in body cells
displaying epitopes of foreign antigen on their
surface, such as virus-infected cells, cells with
intracellular
bacteria,
and
cancer
cells
displaying tumor antigens;
2) activating macrophages and natural killer cells,
enabling them to destroy pathogens; and
3) stimulating cells to secrete a variety of cytokines
that influence the function of other cells involved in
adaptive immune responses and innate immune
responses.
Cell-mediated immunity is directed primarily at
microbes
that
survive
in phagocytes and microbes that infect nonphagocytic cells. It is most effective in removing
virus-infected cells, but also participates in
defending against fungi, protozoans, cancers, and
intracellular bacteria. It also plays a major role
in transplant rejection.

V(D)J recombination
Ig heavy and light chains are each encoded by a separate multigene family, and the individual V and C domains are
each encoded by independent elements: V(D)J gene segments for the V domain and individual exons for the C
domains. The primary sequence of the V domain is functionally divided into three hypervariable intervals, termed
complementarity determining regions (CDRs) that are situated between four regions of stable sequence termed
frameworks (FRs)

Common Genomic and Chromosomal Problems
A genome rearrangement is a major genomic mutation, usually driven by
errors in cell division following meiosis or mitosis.
These large-scale changes to the structure of chromosomes are almost
always harmful and usually result in the death or sterility of the
developing organism, but in very rare cases, they provide a significant
advantage.
For example, duplications of chromosomal segments can introduce an
extra copy of a beneficial gene, which allows one of the gene copies to
evolve a modified function.

At least five categories of mutational
mechanism are known to give rise to
genomic rearrangements:

(i)
homologous
recombination
including
non-allelic
homologous recombination (NAHR), gene
conversion, single strand annealing (SSA)
and break-induced replication (BIR),
(ii) non-homologous end joining (NHEJ),
(iii) microhomology-mediated replicationdependent recombination (MMRDR),
(iv) long interspersed element-1 (LINE-1 or
L1)-mediated retrotransposition and
(v) telomere healing.

V(D)J recombination

antibody class switching

IgM IgG

IgD ...............

Polyclonal antibodies (pAbs) are mixture of
heterogeneous which are usually produced by different B
cell clones in the body. They can recognize and bind to
many different epitopes of a single antigen.
Polyclonal antibodies are produced by injecting an
immunogen into an animal. After being injected with a
specific antigen to elicit a primary immune response, the
animal is given a secondary even tertiary immunization to
produce higher titers of antibodies against the particular
antigen. After immunization, polyclonal antibodies can be
obtained straight from the serum (blood which has had
clotting proteins and red blood cells removed) or purified
to obtain a solution which is free from other serum
proteins

Monoclonal antibodies (mAbs) are generated by
identical B cells which are clones from a single parent cell.
This means that the monoclonal antibodies have
monovalent affinity and only recognize the same epitope
of an antigen.
Unlike polyclonal antibodies, which are produced in live
animals, monoclonal antibodies are produced ex
vivo using tissue-culture techniques. The process begins
with an injection of the desired antigen into an animal,
often a mouse, multiple times. Once the animal develops
an immune response, the B-lymphocytes are isolated from
the animal’s spleen and fused with a myeloma cell line,
creating immortalized B cell-myeloma hybridomas. The
hybridomas, which are able to grow continuously in
culture while producing antibodies, are then screened for
desired mAb.

Polyclonal Antibodies
The advantages and disadvantages of polyclonal antibodies were mainly determined by their multi-epitope
specificity. The key advantages and disadvantages are listed below:
Advantages:
•Short production time and low cost.
•Highly stable and tolerant of pH or buffer changes.
•High affinity. Since the antibodies bind to more than one epitope, they can help amplify the signal from target
protein even with low expression level. This makes these antibodies ideal for immunoprecipitation and chromatin
immunoprecipitation.
•Tolerant of minor changes of antigen. Polyclonal antibodies are less sensitive to antigen changes (slight
denaturation, polymorphism, heterogeneity of glycosylation) than monoclonal antibodies.
Disadvantages:
•Prone to batch to batch variability.
•Multiple epitopes make it important to check immunogen sequence for any cross-reactivity.

Monoclonal Antibodies
The advantages and disadvantages of monoclonal antibodies were mainly based on their high specificity to the same
epitope of an antigen. The key advantages and disadvantages are listed below:
Advantages:
•Highly specific recognition of only one epitope of an antigen
•Immortal hybridoma cell lines have the ability to produce unlimited quantities of antibodies
•High consistency among experiments
•Minimal background noise and cross-reactivity
•Excellent for affinity purification
Disadvantages:
•Developing a monoclonal takes time and requires high technical skills.
•They can produce large amounts of specific antibodies but may be too specific to detect in across a range of species.
•Vulnerable to the change of epitope. Even a slight change in conformation may lead to dramatically reduced binding
capacity.

There are 3 common types of recombinant
antibody fragments listed: Fab, scfv, single
domain antibody (sdab) (Fig. 4).
Fab fragment was originally defined as one of
the cleavage products after treatment of rabbit
IgG with papain, which cleaves the core hinge,
resulting in two identical fab fragments and the
intact Fc as products. The molecular weight of
Fab fragment is ~50 kDa. The nonspecific
protease pepsin cuts below the first disulfide
bond in the hinge region giving rise to a
F(ab’)2 fragment. The molecular weight of
F(ab’)2 fragment is ~100 kDa. The Fab contains
four domains: the heavy chain variable domain
(VH) linked to constant domain 1 (CH1), and the
light chain variable domain (VL) linked to a
constant domain (CL). Due to the hinge region
which allows for flexibility of fabs in relation to
the Fc, intact IgGs have proven difficult to
crystallize in forms suitable for diffraction
studies, and thus, to this time, only a few
structures for intact IgGs have been determined.

Single-chain fragment variable (scfv)
molecules combine the coding sequence of
the variable heavy (VH) and sequence of the
variable light chain (VL) domains of an
antibody in a single-gene encoded format.
The resulting polypeptides, with the variable
light (VH ) and heavy chain (VH ) domains
connected by a flexible peptide linker, were
assemble into functional antigen-binding sites.
The linker technology is a key step of success
of constructing scfv antibody library. Scfvs
have been developed as possible drug
candidates in their own right, as well as
components or domains of drug candidates.

Single domain antibody (sdAb) is discovered
in in camelids and nurse sharks that consisted of
a lone VH domain, lacking a paired VL, attached
to a constant region. The primary advantages of
domain antibodies as compared with scFvs are
generally
better
folding
and
stability
characteristics, the absence of the linker, and
size.

Dhara et al, 2018
Ho et al, 2013

Major critical issues in recombinant Ab production:
1) VL and VH sequences for production of rec Ab specific to antigen of interest
(coexpression of corresponding H and L sequences, and/or screening
through a display method)
2) After synthesis, proper folding and secretion of Ab
3) Proper mAb glycosylation for functionality

Phage display makes use of the natural replication
cycle of bacteriophages to fuse a specific peptide or
protein with the coat protein on the surface of the
filamentous phage particles for selection. This design
allows the presentation of a predefined foreign
phenotype on the phage surface with the genotype
being retrievable in the phage.

The isolation of antibody‐presenting phages post
binding with a target antigen allows simple
identification of the clones by standard sequencing.
Therefore, this approach has been utilized to
introduce a collection of different antibody
sequences into the phagemid vector to pro‐ duce a
collection of varying clones known as an antibody
library

Step 1: Variable genes of heavy chain and light chain
antibody should be cloned by PCR and designed primers.
About the detailed strategy of PCR, scfv library
construction protocol is introduced. By recombinant
DNA technology, link purified genes of VH and VL with
prokaryotic expression vector which requires select in
advance based on your target recombinant antibody
fragments.
Step 2: Transformation: Electroporate ligation product of
VH and VL received in previous step into cloned
expression host cells.
Step 3: Choose appropriate antibody display technology,
such as phage display (which can screening small
antibody fragment to obtain large antibody library);
ribosome display (which can get a library of a capacity of
1014 without limitation of transformation efficiency and
acquire mutant antibody library); yeast display (which
make human antibody expression more superior because
that yeast expression system is similar with mammalian
cells).

https://www.creative-biolabs.com/blog/index.php/recombinant-antibody/

Schirrmann et al, 2008

Schirrmann et al, 2008

Application of Recombinant Antibody (rAb):
• desire or requirement for a short circulating half-life in serum;
• a smaller biologic that would have broader tissue distribution or the ability to penetrate
tumors;
• a molecule that can be manufactured in either yeast or E. coli to potentially reduce cost of
goods or increase scale of manufacturing;
• a molecule lacking an Fc effector functionality to eliminate both cellular responses against
the target and potential for dimerization of receptors due to bivalency;
• a bispesific antibody fragment , such as has been demonstrated by BiTEs (bispecific T cell
engagers; diabodies and most recently, DARTs;
• a molecule lacking an Fc effector functionality to eliminate both cellular responses against
the target and potential for dimerization of receptors due to bivalency; a molecule that can be
manufactured in either yeast or E. coli to potentially reduce cost of goods or increase scale
of manufacturing.

