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Objectives of this lecture

By the end of this lecture you will be able to:

1. Understand the role of proteins in health and
disease

2. Recognize the limitations of traditional
orotein production methods

3. Recognize the advantages of recombinant
over naturally-isolated proteins



DNA
Genetic information
which codes for
proiein of interest.

Isolation of gene of interest
Integration into expression vector
Transformation into host cells

Growth of cells (fermentation)
Isolation & purification of protein
Formulation of protein product

Hybridization
+ DNA ligase

Then the proteinsta
removed from the hacie
by breaking the cell walls
either chemically orby
mechanical means.

that dramatically enhance the
production of a specific protein



Functions of Proteins

Structural Enzymes

DNA Regulation

antibodies
DNA polymerase Il

collagen luciferase

amylase

reverse
transcriptase



Proteins in diseases and therapy

DISEASE-CAUSING PROTEINS




Loss in protein production or
functionality might lead to serious

diseases

Diabetes Mellitus
Sickle cell anemia
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Normal red blood cells
are compact and
flexible, enabling them
to squeeze through
small capillaries

g Sickled red blood cells
are stiff and angular,
causing them to
become stuck in small
. capillaries




Proteins might mediates diseases
as well

C-reactive protein mediates
cardiovascular disorders

A Endothelial dysfunction
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+NO tiL-s

+ Prostacyclin t Endothalial cell apoptosis

B Endothelial activation
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C Plaque formation

tMcePa t Foam cel formation
tChemotaxis tATIR in VEM

1 Pranflammatory cytoknes t SMC prolferation
tROS tSMC migration

t Macrophape LOL uptake tNeointimal formation

C-reactive .
E EPC recruitment from bone marrow
p rote I n Bone-marrow-derived EPCs

play a crtical role n endothelial
repaic CAP nhibits EPC survival
and function.

D Plaque rupture
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Exogenous proteins might mediate serious reactions

Hypersensitivity reactions

Manifestations of ol Dizziness, seizures, and loss of

systemic anaphylaxis ey consciousness can result from a
T~ drop in blood pressure caused by

dilating blood vessels.

Lips, tongue, and throat
can swell, making breathing

Circulatory system . s
S and swallowing difficult.

spreads venom
throughout the body,

An irregular heartbeat or a
heart attack can be caused by
lowered blood pressure.

Bee venom
penetrates skin
and enters the

bloodstream. “Wheezing and other

asthmalike symptoms
can result when smooth
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v/ ! { Cramps, vomiting, and
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contraction of smooth

Bee venom encounters mast cells within tissues
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Proteins in diseases and therapy

THERAPEUTIC PROTEINS




Serving or mimicking an endogenous function
Hormonal therapy (Insulin, GH)

Humalog® Mix(S{UE1Y) ™
KwikPen™ > HumatroPemn™




dow Vaccines Work

Exploiting an endogenous reaction
Vaccines

Immune Response ! Antibodies
to a Vaccine o\
. =
4. Once stimulated by the anfigen and the chemixal message from

the belper T colls, the B sad Killer T cells dividde and tramform

into spectaliead inmnune cells that fight back againat that specific \

antigen. Abeo, a smmall but important fraction of the B and

“ . Memory
"~ Helper T cell

cells trandorm into memory cefls thar reace quicker when they

encounter the same antigen again

Active
A Killer T cell

~ Cells Containing Germ Antigen
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Immune Response
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Antagonizing an endogenous function

mAb therapy (Herceptin)

s

Antigen !
9 Myeloma cells '

Herceptin® &=

“tuzumab
Roche
; Meonoclonal O ‘
Mouse B cells Hybridoma antibody -
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Recombinant Cell

|

Protein
Analysis

Host Cell Small Scale

Cell Culkure (1L)




Protein
Pharmaceuticals

Polypeptides
and Proteins

Natural
extraction

DNA
recombination

Oligopeptides

Chemical
synthesis




Protein Pharmaceuticals

Peptide: consists of 2 or more amino acids

Oligopeptide: consists of 10 or fewer amino
acids

Polypeptides: chains of 10 to 50 amino acids

Proteins: polypeptides of more than 50 amino
acids



Naturally-Occurring Proteins

Hormone Size Location Site of action includes
(a.a.)
ACTH 39 Anterior pituitary Adrenal cortex
ADH (VP) 9 Posterior pituitary Kidny / CVS / CNS
Calcitonin 32 Thyroid Bones
GH 191 Anterior pituitary Bones / muscles / liver

Oxytocin 9  Posterior pituitary Mammary gld. / Uterus / CNS
Prolactin 198 Anterior pituitary Mammary gland

Insulin 51 Pancreas Liver / Muscles / Adipocytes



Oligopeptides

* Many hormones in our body are actually
oligopeptides such as Oxytocin and
Vasopressin (ADH)



Oligopeptides

 Pharmaceutical production of oligopeptides
can be achieved by:
1. Extraction from natural sources (e.g. salmon
calcitonin)
2. Solid-phase peptide synthesis (SPPS)

Recombinant DNA technology



Solid Phase Peptide Synthesis

* Method developed
by Bruce Merrifield
and published in JACS
in 1963

* He won the Nobel
Prize in Chemistry in
1984

Bruce Merrifield 1921-2006



Solid Phase Peptide Synthesis

Solid Phase Peptide Synthesis Scheme
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Solid Phase Peptide Synthesis




Solid Phase Peptide Synthesis

* Very efficient synthesis (>99% per couple)

— 10 residue peptide, 99% coupling
* Yield =0.991° =90.4%

— 50 residue peptide, 99% coupling
* Yield =0.99°° = 60.5%

* Limited to small peptides
* No glycosylation ability



Polypeptides and Proteins

* Other hormones in our body consist of larger
peptide chains or more complex proteins such
as GH, ACTH, and Prolactin




Blood Fractionation

Cells Blood Plasma Plasma Proteins

Clotting preparations
Cold wnohisle ghobein
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Cohn Process

Precipitate |
Fibrinogen

Factor Vill
Complement proteins

Precipitatell Il
19G, IgA, lgM
Coagulation factors
and globulins

Precipitate iV 1
1- antitrypsin
Antithrombin Ill
and globulins

PrecipitateIlV 4
Ceruloplasmin
Transferrin
Haptoglobin

and globulins

Edwin Cohn 1892-1953

Precipitate V
Albumin
and globulins




Blood Fractionation




Polypeptides and Proteins

* Natural sources are often rare and expensive
— Difficult to keep up with demand

— Hard to isolate product
— Lead to immune reactions (e.g. HAMA response)
— Viral & pathogen contamination



Polypeptides and Proteins

* Most protein pharmaceuticals today are
recombinant products

— Cheaper, safer, abundant supply

Srmall Scale

Cell Culture (1L)




Requirements for recombinant protein
production

Expression
vector

\ /Promoter "
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Now you are able to:

v’Understand the role of proteins in health and
disease

v'Recognize the limitations of traditional protein
production methods

v'Recognize the advantages of recombinant
over naturally-isolated protein



