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Primary Protein Structure

Primary structure of a proteins is the sequence
of amino acids connected by peptide bonds.
Along the backbone of the proteins is a chain of
alternating peptide bonds and a-carbons and
the amino acid side chains are connected to

th ese Planar units along a protein chain
H R H



J— Ja-Helix: A single
3{ -q protein chain coiled

in a spiral with a
right-handed
(clockwise) twist.
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_Ip-Sheet: The polypeptide chain is held in place
by hydrogen bonds between pairs of peptide units
along neighboring backbone segments.
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Tertiary Protein Structure

*Tertiary Structure of a proteins The overall
three dimensional shape that results from the
folding of a protein chain. Tertiary structure
depends mainly on attractions of amino acid
side chains that are far apart along the same
backbone.  Non-covalent interactions and
disulfide covalent bonds govern tertiary
structure.

A protein with the shape in which it exist
naturally in living organisms is known as a
native protein.



Protein shape determining interactions
are summarized below:

Hydrogen bond between neighboring
backbone segments.

Hydrogen bonds of side chains with
each other or with backbone atoms.

lonic attractions between side chain
groups or salt bridge.

Hydrophobic interactions between side
chain groups.

Covalent sulfur-sulfur bonds.
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Chemical Properties of Proteins

* Protein hydrolysis: In protein hydrolysis,
peptide bonds are hydrolyzed to vyield
amino acids. This is reverse of protein

formation.






 Protein denaturation. The loss of
secondary, tertiary, or quaternary protein
structure due to disruption of non-covalent
interactions and or disulfide bonds that
leaves peptide bonds and primary

Heat

denatures
protein



Catalysis by Enzymes

 Enzyme A protein that acts as a catalyst
for a biochemical reaction.




Enzymatic Reaction

F/J\\ @ The substrate, sucrose, consists Glucose Fructose

of glucose and fructeose bonded
together.

\ — (2) The substrate binds to the enzyme,
R forming an enzyme-substrate
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/ \ and the enzyme is free
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The specificity of an enzyme
for one of two enantiomers
1S a matter of fit. One
enantiomer fits better 1nto
the active site of the enzyme
than the other enantiomer.
Enzyme catalyzes reaction
of the enantiomer that fits

better into the active site of
the enzyme.




Enzyme Cofactors

« Many enzymes are conjugated proteins
that require nonprotein portions known as
cofactors.

« Some cofactors are metal ions, others are
nonprotein organic molecules called
coenzymes.

 An enzyme may require a metal-ion, a
coenzyme, or both to function.
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» Cofactors provide additional
chemically active functional groups
which are not present in the side
chains of amino acids that made up
the enzyme.

* Metal ions may anchor a substrate
In the active site or may participate
in the catalyzed reaction.



How Enzyme Work

Two modes are invoked to represent the
iInteraction between substrate and enzymes.
These are:

Lock-and-key model. The substrate is described
as fitting into the active site as a key fit into a lock.
Induced-fit-model. The enzyme has a flexible
active site that changes shape to accommodate
the substrate and facilitate the reaction.



Active site Induced fit

Enzyme
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How Does an Enzyme Work?

https://www.youtube.com/watch?v=yk14dOOvwMk



19.5 Effect of Concentration on
Enzyme Activity

*Variation in concentration of enzyme or
substrate alters the rate of enzyme
catalyzed reactions.

. Substrate concentration: At low
substrate concentration, the reaction rate is
directly proportional to the substrate
concentration.  With increasing substrate
concentration, the rate drops off as more of
the active sites are occupied.



Maximum and constant reaction rate

Rate approaches
maximum

Reaction rate ——>

Rate increases directly with
substrate concentration

Substrate concentration—>
(constant enzyme concentration)

Fig 19.5 Change of reaction rate with substrate
concentration when enzyme concentration 1s constant.



. Enzyme concentration. The reaction rate
varies directly with the enzyme concentration as
long as the substrate concentration does not
become a limitation, Fig 19.6 below.

Reaction rate

Enzyme concentration —>
(excess substrate)



19.6 Effect of Temperature and
pH on Enzyme Activity

‘Enzymes maximum catalytic activity s
highly dependent on temperature and pH.

o Increase in temperature increases the
rate of enzyme catalyzed reactions. The
rates reach a maximum and then begins to
decrease. The decrease In rate at higher
temperature is due to denaturation of
enzymes.



Maximum rate

N

Reaction rate ———»

I I I !
10 20 30 40 50

Temperature (°C)

Fig 19.7 (a) Effect of temperature on reaction rate



. Effect of pH on Enzyme activity: The
catalytic activity of enzymes depends on pH and
usually has a well defined optimum point for
maximum catalytic activity Fig 19.7 (b) below.

Pepsin Trypsin

Reaction rate ———»




19.7 Enzyme Regulation:
Feedback and Allosteric Control

Concentration of thousands of different
chemicals vary continuously In living
organisms which requires regulation of
enzyme activity.

Any process that starts or increase the
activity of an enzyme is activation.

*Any process that stops or slows the activity
of an enzyme is inhibition.



Two of the mechanism

 Feedback control. Regulation of an enzyme’s
activity by the product of a reaction later in a
pathway.

 Allosteric control. Activity of an enzyme is
controlled by the binding of an activator or inhibitor
at a location other than the active site. Allosteric
controls are further classified as positive or negative.

— A positive regulator changes the activity site so that
the enzyme becomes a better catalyst and rate
accelerates.

— A negative regulator changes the activity site so that
the enzyme becomes less effective catalyst and rate
slows down.



Positive allosteric control

A positive regulator

iy Hstriable substrate  changes the activit
active site ” . g y
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Negative allosteric control
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Active site ; 'S”EEE‘;“““T A negative regulator

\ changes the activity
Negative

allosteric 4
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site so that the enzyme
becomes less effective
Allosteric
site

catalyst and rate slows
down.



19.8 Enzyme Regulation:
Inhibition

 The inhibition of an enzyme can be
reversible or irreversible.

 In reversible inhibition, the inhibitor can
leave, restoring the enzyme to its
uninhibited level of activity.

 |In Jrreversible Inhibition, the inhibitor
remains permanently bound to the

enzyme and the enzyme is permanently
inhibited.



 |nhibitions are further classified as:

« Competitive inhibition if the inhibitor binds
to the active site.

Competitive inhibition

Competitive
inhibitor

Substrate
can't enter




 Noncompetitive inhibition, if the inhibitor
binds elsewhere and not to the active site.

Noncompetitive inhibition

Substrate can't
enter

Noncompetitive
inhibitor




*The rates of enzyme catalyzed reactions with
or without a competitive inhibitor are shown in
the Fig 19.9 below.

No inhibition =~~~ "~ 77777777777 Maximum
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Substrate concentration —>



Shape-Determining Interactions
In Proteins

*The essential structure-function relationship
for each protein depends on the polypeptide
chain being held in its necessary shape by
the interactions of atoms in the side chains.
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Antibody Binding Sites
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Antibody

Check
https://www.youtube.com/watch?v=Cvu1ApHkhYM



Virus

cosohedral Head
[DNA or RNA)

A )
Protein Coat

TaillFil;st.

Nba Adalan, 1958


http://en.wikipedia.org/wiki/Image:Tevenphage.png
http://en.wikipedia.org/wiki/Image:Bacteriophage.jpg
http://en.wikipedia.org/wiki/Image:Trialphage.jpg
http://en.wikipedia.org/wiki/Image:T4bacteriophage.jpg
http://en.wikipedia.org/wiki/Image:Aids_virus.jpg

Virus Reproduction

aaaaa

8




SARS-CoV-2

Envelope Protein - Spike Protein

Nucleocapsid
Protein / RNA

Hemagglutinin ——
Esterase Dimer



Non-structural proteins Structural and accessory proteins
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COVID-19 Antibodies

Monoclonal & Polyclonal Antibodies to SARS-CoV-2

The antibodies available below have been validated to bind to proteins from SARS-CoV-2 (COVID-19),
but were developed originally to target proteins from SARS-CoV-1, the virus responsible for the 2003
outbreak. We are currently developing monoclonal mouse and polyclonal rabbit antibodies specific to
SARS-CoV-2 spike and nucleocapsid proteins. The polyclonal antibodies will be available in May. The
monoclonal antibodies will be available sometime between July - August.

o P2 Rabbit Anti-SARS-CoV-2 Nucleocapsid Protein
?‘E . Rabbit Anti-SARS-CoV-2 Coronavirus Nucleocapsid Protein
w | WO— " CODE: 128-10165-1

i $1,450.00

o~ {H—

ADD TO COMPARISON LIST

Mouse Anti-SARS-CoV-2 Nucleocapsid Protein
Mouse Anti-SARS-CoV-2 Coronavirus Mucleocapsid protein
CODE: 128-10166-1

$1,450.00

ADD TO COMPARISON LIST

- : Rabbit Anti-SARS-CoV-2 Spike Protein
- . I—— Rabbit Anti-SARS-Associated Coronavirus (COVID-19) Spike Protein
| | CODE: 128-10168-1

$1,450.00



Real-time RT PCR
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Fast Screening Kit
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Signal Transduction
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G-Protein Signaling Pathway

FIGURE 1: GPCR SIGNALLING
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G Protein

https://www.youtube.com/watch?v=Glu_T6DQuLU



https://www.youtube.com/watch?v=fLGgD5Lm7wY
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The correlation between RNA expression levels and protein expression is often not
perfect due to various factors influencing the process from transcription (RNA synthesis)
to translation (protein synthesis) and beyond. Here are several key reasons why RNA
expression levels may not always align well with protein expression levels:

Post-transcriptional Regulation: After RNA is transcribed, it can undergo various
modifications and processing steps that affect its stability, localization, and efficiency of
translation. For example, microRNAs can bind to mRNAs and promote their
degradation or inhibit their translation.

Translation Efficiency: The efficiency of translation can vary between different
MRNAs depending on factors like the sequence context around the start codon, the
length of the 5' untranslated region (UTR), secondary structures, and the availability of
tRNAs for rare codons.

Protein Stability: Once synthesized, the stability of proteins can vary widely, with
some proteins rapidly degraded and others being very stable. This difference can lead
to discrepancies between the amount of mMRNA present and the level of corresponding
protein.

Post-translational Modifications: Proteins can undergo various post-translational
modifications that can affect their activity, localization, and stability. These
modifications are not predictable from mRNA levels and can significantly
influence protein function and abundance.

Biological Noise: Both transcription and translation are subject to stochastic variation,
which can lead to cell-to-cell variability in protein levels that is not predicted by mRNA
levels alone.



Post Translational Modification

Brief Introduction of Post-
translational Modifications

m Craotive
Presented by Creative Proteomics

https://www.youtube.com/watch?v=AeVDoDp3lll



Post-translational modification (PTM) refers to the chemical modification of a protein
after its synthesis (translation) in the ribosome. PTMs are crucial processes that
expand the diversity of the proteome (the entire set of proteins that can be
expressed by a cell, tissue, or organism) beyond what is dictated by the genome
alone. These modifications can occur at specific amino acid side chains or peptide
linkages and significantly influence the protein's function, localization, stability, and
interactions with other molecules.

Phosphorylation: The addition of a phosphate group, typically to serine, threonine,
or tyrosine residues, affecting the activity, localization, and interaction of proteins.
Ubiquitination: The attachment of ubiquitin, a small regulatory protein, to lysine
residues on a target protein, often tagging it for degradation by the proteasome but
also involved in regulating protein activity and location.

Acetylation: The addition of an acetyl group, commonly at lysine residues,
influencing gene expression and protein stability.

Glycosylation: The attachment of sugar moieties to proteins or lipids, impacting
their folding, stability, activity, and cellular location.

Methylation: The addition of methyl groups, usually on lysine or arginine residues,
affecting protein interaction and function.

Sulfation: The addition of sulfate groups to tyrosine residues, affecting protein
interaction and function.

Lipidation: The addition of lipid molecules to proteins, which can affect their
membrane localization and function.



Protein phosphorylation

Phosphorylation in post-translational modification (PTM) refers to the addition of a
phosphate group (PO,*7) to a protein, typically to the amino acid residues serine,
threonine, or tyrosine in eukaryotic proteins. This modification is catalyzed by
enzymes known as kinases, while phosphatases remove phosphate groups.
Phosphorylation is a reversible and dynamic modification that plays a crucial role in
the regulation of various cellular processes.

ADP

Kinase + ATP

h /

Phosphatase




Protein phosphorylation

https://www.youtube.com/watch?v=xG2WOd_fWqo



The importance of phosphorylation includes:

Cell Signaling: Phosphorylation is pivotal in cell signaling pathways, where it can activate or
deactivate enzymes and receptor proteins, thereby transmitting signals inside the cell. This process
is fundamental for the cellular responses to hormones, growth factors, and environmental stimuli.
Protein Function: Phosphorylation can change a protein's function by altering its conformation,
activity, stability, or interaction with other proteins or molecules. This can activate or inhibit the
protein's function or redirect its cellular localization.

Cell Cycle Control: Phosphorylation regulates the cell cycle, ensuring proper cell division and
replication. For example, cyclin-dependent kinases (CDKs) phosphorylate various target proteins to
control the progression through different phases of the cell cycle.

Metabolism: Phosphorylation plays a key role in metabolic regulation by activating or inhibiting
enzymes involved in various metabolic pathways, thus helping to control the energy balance of the
cell.

Transcription and Translation: Phosphorylation regulates transcription factors and components of
the transcription and translation machinery, impacting gene expression and protein synthesis, which
are crucial for cell growth, differentiation, and response to external signals.

Apoptosis: Phosphorylation is involved in the regulation of apoptosis or programmed cell death,
which is vital for removing damaged or unneeded cells and maintaining tissue homeostasis.
Neuronal Function: In the nervous system, phosphorylation is essential for neuron function,
including neurotransmitter release, receptor activation, and the modulation of ion channel activity,
critical for signal transmission and brain function.



Methylation

Methylation, a specific type of PTM, involves the addition of a methyl group
(CH3) to amino acids in a protein, typically to the side chains of arginine or
lysine residues in eukaryotic proteins. This modification is carried out by
enzymes known as methyltransferases, which use S-adenosylmethionine
(SAM) as the methyl donor.
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The importance of methylation includes:

Regulation of Gene Expression: Methylation of histone proteins, which help package
DNA in the nucleus, can influence gene expression. For example, methylation of histone
tails can either repress or activate transcription, depending on the specific amino acid
methylated and the context within which methylation occurs.

Protein Function: Methylation can alter the function of non-histone proteins by affecting
their interaction with other proteins, their localization within the cell, and their activity. For
instance, methylation can change the conformation of a protein, thereby influencing its
function and interactions.

Protein Stability: Methylation can also impact the stability of proteins. Certain
methylations can protect proteins from ubiquitin-mediated degradation, thereby
prolonging their half-life in the cell.

Signal Transduction: Methylation plays roles in signal transduction pathways,
modifying signaling proteins and modulating their activity to ensure appropriate cellular
responses to external stimuli.

Cellular Differentiation and Development: Proper methylation is crucial for normal
development and cellular differentiation, influencing processes ranging from embryonic
development to the maintenance of adult tissue homeostasis.



Acetylation

Acetylation in post-translational modification (PTM) refers to the addition of an acetyl
group (COCH,) to a protein, often at a lysine amino acid residue. This modification is
catalyzed by enzymes known as acetyltransferases, which transfer the acetyl group

from acetyl-coenzyme A (acetyl-CoA) to the target protein. Conversely, deacetylases
remove acetyl groups from proteins.

(1) (KA + <Con>

sl@



The importance of acetylation in proteins includes several key aspects:

Gene Regulation: Acetylation of histone proteins, which DNA wraps around in chromatin,
is crucial for the regulation of gene expression. When histones are acetylated, the
chromatin structure becomes more open, allowing gene transcription machinery to
access the DNA. Conversely, deacetylation typically tightens chromatin structure and
represses gene transcription.

Protein Function: Beyond histones, acetylation can regulate the activity, stability, and
interaction of non-histone proteins with other molecules. By altering the charge of lysine
residues, acetylation can change protein conformations and interactions, influencing
various cellular pathways.

Protein Stability: Acetylation can also affect the stability and degradation of proteins.
For instance, acetylation can prevent ubiquitination at the same lysine residue, thereby
inhibiting proteasome-mediated degradation and extending the protein's half-life.
Cellular Localization: Acetylation can influence where proteins are located within the
cell, affecting their function. For example, certain proteins are shuttled between the
nucleus and cytoplasm depending on their acetylation status.

Signal Transduction: Acetylation plays a role in signal transduction, impacting how cells
respond to external or internal signals. This can have wide-ranging effects on cell growth,
division, and response to stress.

Interaction with Other Molecules: Acetylation can regulate the interaction between
proteins and DNA, proteins and other proteins, or proteins and small molecules, which is
fundamental for numerous cellular processes.



Glycosylation

There are two main types of protein glycosylation:

N-linked Glycosylation: This occurs when a sugar molecule is attached to an asparagine

(Asn) residue of a protein. It is typically found in the consensus sequence Asn-X-Ser/Thr,
where X can be any amino acid except proline.

O-linked Glycosylation: This occurs when a sugar molecule is attached to the oxygen ato
of serine (Ser) or threonine (Thr) residues in proteins.
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Glycosylation

Check
https://www.youtube.com/watch?v=RorGifz6C2Y



The importance of glycosylation includes:

Protein Folding: Glycosylation helps in proper protein folding and stability, aiding in the
correct three-dimensional conformation necessary for protein function. It also assists in
the quality control mechanisms within the cell, such as in the endoplasmic reticulum,
where improperly folded glycoproteins are targeted for degradation.

Cellular Recognition and Signaling: Glycosylated proteins on the cell surface play
critical roles in cell-cell recognition, communication, and signaling. They are involved in
various processes such as immune response, where they contribute to the recognition of
antigens by immune cells.

Protein Stability and Half-life: Glycosylation can increase the stability of proteins and
protect them from proteolysis, thus extending their half-life in the circulatory system.
Cell Adhesion: Glycosylation contributes to cell adhesion processes, crucial for the
development and maintenance of tissues and for the immune system's function, by
mediating the interaction between cells and the extracellular matrix.

Pathogen Recognition: Many pathogens are recognized by their glycan structures.
Host organisms can detect these structures and mount an immune response.
Conversely, pathogens can exploit host glycosylation processes for cell entry or immune
evasion.

Therapeutic Proteins: Many biopharmaceuticals, including antibodies and hormones,
are glycosylated. The glycosylation patterns can significantly affect the efficacy and
pharmacokinetics of these therapeutic proteins.



Ubiquitination

Ubiquitination in post-translational modification (PTM) refers to the covalent attachment
of a small protein called ubiquitin to a target protein. This process is carried out through
a cascade involving three types of enzymes: E1 (ubiquitin-activating enzyme), E2
(ubiquitin-conjugating enzyme), and E3 (ubiquitin ligase), which work together to attach
ubiquitin to lysine residues on substrate proteins.

0}
ATP + @-¢-oH AMP + PP,




Ubiquitination

What is

ubiquitin?

Check
https://www.youtube.com/watch?v=e29F7R3K_5A



Ubiquitination

https://www.youtube.com/watch?v=jbc1QCu9hFg



Proteasomal Degradation: The most well-known function of ubiquitination is targeting
proteins for degradation by the 26S proteasome. Polyubiquitin chains, particularly those
linked through lysine 48 of ubiquitin, serve as a signal for proteins to be recognized and
degraded by the proteasome, thereby regulating protein levels within the cell.
Regulation of Protein Function and Activity: Ubiquitination can also regulate protein
activity, function, and localization independently of degradation. For example,
monoubiquitination or polyubiquitination with chains linked through other lysine residues
(like K63) can influence protein interactions, cellular localization, and activity without
targeting the protein for degradation.

Cell Signaling: Ubiquitination plays critical roles in various signaling pathways. For
instance, in the NF-kB pathway, the ubiquitination of certain components leads to their
activation and translocation to the nucleus, where they affect gene expression.

DNA Repair: In the cellular response to DNA damage, ubiquitination helps regulate the
repair process. Specific patterns of ubiquitination can recruit DNA repair enzymes to
damaged sites, facilitating repair mechanisms that maintain genomic integrity.

Cell Cycle Regulation: Ubiquitination controls the levels and activity of various cell
cycle regulators, ensuring proper cell cycle progression and division. Key regulatory
proteins are ubiquitinated and degraded at specific points, allowing the cell cycle to
proceed or be halted as necessary.

Immune Response: Ubiquitination is involved in the regulation of innate and adaptive
immune responses, including the presentation of antigens on major histocompatibility
complex (MHC) molecules, the regulation of inflammatory signaling pathways, and the
modulation of immune cell function.
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Key Points

*Our understanding of cellular function depends on exquisite knowledge of all of the
molecular components acting in a system. Mass spectrometry (MS)-based proteomics
has matured immensely in the last decade, allowing quantitative system-wide analysis
of the proteome, including post-translational modifications (PTMs), protein—protein
interactions and cellular localization.

*Quantification of the entire set of proteins expressed in a complex biological system
(for example, mammalian cells) is now possible with a high sensitivity and in a
reasonable amount of time.

*With the availability of genomic information, the massive capacity for peptide
identification by MS is being used to annotate gene sequences and to find new protein-
coding genes and splicing variants.

*In combination with new approaches to isolate specific PTMs, MS-based studies are
revealing a much higher order of proteome complexity in which most proteins are
modified by several PTMs that crosstalk in intricate mechanisms to regulate protein
function.

*Protein affinity strategies allow purification of candidate proteins and their interacting
partners, which are subsequently identified by MS. These studies describe, with a high
degree of detail, dynamic and context-specific protein—protein interaction networks
and protein complexes.

*The improvements in sensitivity, robustness and high-throughput of MS-based
proteomics now permits applications in the clinical field, including the possibility of
discovering disease-related biomarkers and screening molecular targets of candidate
drugs.
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* Magnetic ranking cytometry (MagRC)

+ Cellular indexing of transcriptomes and epitopes by /| * Single-cell barcode chips (SCBCs)
sequencing (CITE-seq) .| * Flow cytometry

* RNA expression and protein sequencing assay (REAP-seq)

Cell-surface protein * Microengraving

* Droplet microfluidics

- ;,,f"?Secrered

protein

* Microscopy ' Cytoplasmic
* Single-cell Western blotting protein
* Proximity ligation assay (PLA)
= Proximity extension assay (PEA)
* Mass cytometry (CyTOF)
* Mass spectrometry

Fig. 1| Classification of single-cell protein analysis methods based on the location of target protein. Cell-surface-
protein analysis methods include magnetic ranking cytometry (MagRC), cellular indexing of transcriptomes and
epitopes by sequencing (CITE-seq), and RNA expression and protein sequencing assay (REAP-seq). Methods that can
be used for the analysis of cell-surface and cytoplasmic proteins include microscopy, single-cell Western blotting,
proximity ligation assay (PLA), proximity extension assay (PEA), mass cytometry (cytometry by time of flight; CyTOF) and
mass spectrometry. Methods utilized for secreted-protein analysis include droplet microfluidics and microengraving
techniques. Methods used for comprehensive analysis of the three proteins include flow cytometry and single-cell

barcode chips (SCBCs).
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