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Pre- 1800: Early applications and speculation (fermentation)
1800-1900: significant advances in basic understanding of heredity
1900-1953: advancement in genetics

1953- 1976: DNA research, science explodes

1977- present: Modern biotechnology

— 1977: Genentech, Inc., reports the production of the first human
protein manufactured in a bacteria: the hormone somatostatin

— 1978: recombinant insulin produced, Genentech, Inc, California, USA
— 1980: patents for genetically engineered products started

— 1982: first recombinant insulin marketed

— 1982: possibility of changing proteins by site directed mutagenesis
— 1983: Kary Mullis invented the PCR
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e 1977-present: Modern biotechnology (continued)

1985:
1985:
1986:
1988:
1990:
1990:
1997
1998:

1999

genetic fingerprinting entered court rooms

genetically engineered plants were tested

FDA approved first recombinant hepatitis vaccine

first patent for genetically modified mouse

first gene therapy took place for ADA-deficient SCID children
Human Genome Project (HGP) was launched

sheep Dolly was cloned

first successful trial to grow embryonic stem cells

: a rough draft for human genome map was produced showing

that the genome contains about 30,000 genes

2000

-Present: developing numerous technologies for measuring

structural and functional genomics

Fall 2019

Dr. Aljamali_Biotech 5



Genomics

Genes contain
instructions
for making
proteins

Proteomics

or in complexes™
perform many cellular
functions

From Genes to Proteins
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Omics era »=Sia oY) Als ja rdadia

* Ome (is the Latin for “entire”)
* Whatis agenome?

— The word genome describes the entire DNA sequence of
an organism.

— Lots of terms followed the genome; proteome,
transcriptosome, metobolome, interactome, etc.

* Transcriptosome: the entire mRNA species in a cell (or groups of
cells) or a tissue...

* Proteome: the entire protein species in a cell (or groups of cells) or a
tissue...

* Metabolome: the entire metabolic pathways in a cell (or groups of
cells) or a tissue...

* Interactome: the entire events and reactions controlling the
interaction between two organisms (such as a parasite and a host)
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Human Genome Project ¢ &l (asiall) sl & 5 e

Initiated in 1990.

HGP showed in 1999 that the 23 pairs of
chromosomes forming human genome consists of 3.4
billion base pair (3 X 10° bp). Final draft published
2003.

Estimated number of genes about 30,000.

Only 2% of the human genome “codes”, meaning
coding for mRNAs and proteins

Average gene size 4000 base pairs
Largest gene dystrophin 2.4 million base pairs

More than 50% in repeat elements or so called “junk
DNA”

The DNA sequence of any two people is 99.9 percent
identical.

Sites in the DNA sequence where individuals differ at a
single DNA base are called single nucleotide
polymorphisms (SNPs).

The SNPs may greatly affect an individual's disease risk
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PHARMACEUTICAL BIOTECHNOLOGY &
BIOPHARMACEUTICAL PROTEINS

Protein Structure-based Studies
1. Applications in Drug Design
2. Applications in Personalized Medicine
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Functions of Proteins

Structural Enzymes

DNA
Immune Regulation

antibodies

DNA :
collagen luciferase
polymerase Il amylase

reverse
transcriptase

Fall 2019 Dr. Aljamali_Biotech 12



>
N3 o o o ‘ .. G 5 54
- 3 - -
Sequence L—ﬂ-\-\-\) ‘\AJL} L
L " L " L4
ALA THR SER THR LYS LYS LEU HSD LYS GLU PRO ALA THR LEU ILE LYS ALA ILE ASP GLY ASP THR VAL LYS " S ] - «,
LEU MET TYR LYS GLYGLN PRO MET THR PHE ARG LEU LEU LEU VAL ASP THR PRO GLU THR LYS HSD PRO L hd . ~ ¢
LYS LYS GLY VAL GLU LYS TYR GLY PRO GLU ALA SER ALA PHE THR LYS LYS MET VAL GLU ASN ALA LYS
LYS ILE GLU VAL GLU PHE ASP LYS GLY GLN ARG THR ASP LYS TYR GLY ARG GLY LEU ALATYRILETYR ALA o o IS )
=

ASP GLY LYS MET VAL ASN GLU ALA LEU VAL ARG GLN GLY LEU ALA LYS VALALATYR VALTYRLYS PRO
ASN ASN THR HSD GLU GLN HSD LEU ARG LYS SER GLU ALA GLN ALA LYS LYS GLU LYS LEU ASN ILE TRP

ade adiay L ga (gl
Afile glaall  Jas e
cus Bioinformatics 4u sl
S ) dgaed Alda
Gl g ) & &l yakal) Cslis)
S il e s
&b <l il Ilaie ) Zuall

Gl 5 yall Ay

Active site




Glycine (G) Alanine (A) Valine (V) Isoleucine (I) Leucine (L)

oL e Al X :&2’1};

ogbye 0 &

Proline (P) Methionine (M) Phenylalanine(F) Tryptophan(W)  Asparagine (N)
' -

- ..
e 5~ P,
- Y %

";‘L‘;" W "[Xr'
Glutamine (Q) Serine (S) Threonine (T) Tyrosine (Y) Cysteine (C)
J‘*‘i . Q..p“.

o * 1. 2.
i ¢ R . &
‘;t e 'y o -
Lysine (K) Argini:}e (R) Histidine (H)
"t sl % ﬁ"
‘E‘LT‘ "bL'T £ E

White: Hydrophobic, Green: Hydrophilic,




Protein Structure
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Prediction of Secondary structure 4 Gl 4xll 28 5

Carboxyl
terminus

«—

N-Ca Ca-C C-N
Figure 4-2b
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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* Superimposed structures of a
protease protein obtained from
crystallography (light), and a
homology model (dark). This is
typical of a good homology
model, in that the largest errors
are in loops, while a-helices and
b-sheets are reproduced most
accurately.
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Measuring 3D Structure <olisi 5l AAEN dal) .lé

NMR
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X-ray crystallography (S 4xS¥0 5 ) oLulf ulsd
— Beams of x-rays are passed through a crystal of protein.

— Atoms in the protein crystal scatter (diffract) the x-rays,
which produce a diffraction pattern on a photographic film

— Protein must be crystallizable
NMR spectroscopy —ublizall (5951l (pi Il il ulido

— A solution of protein is placed in a magnetic field and the
effects of different radio frequencies (caused by the
surrounding amino acid side chains) on the resonance of
different atoms in a protein are measured

— Protein must be small (~120 residues)
— Protein must be soluble

Both methods are expensive, slow, and cannot be applied for
all proteins

Fall 2019 Dr. Aljamali_Biotech
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® Advantage:
> High resolution image of all atoms in your protein
> No size limitations (up to virus particles!)
> Very easy to study mutants/complexes

® Disadvantage:
> We need a crystal

° Protein is not in solution but packed in a crystal (non-physiological
conditions)
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1D 'H spectrum of a small protein
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* Advantages:
— Protein in its natural environment
— Information about dynamics/folding
* Disadvantages:
— Size limitation (about 30 kD)
— Structure not completely defined (low resolution)
— Require exotic nuclei
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|. APPLICATION OF PROTEIN
STRUCTURE IN DRUG DESIGN
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Drug Design Based on Receptor Structure

We need a high-resolution (crystal or solution) structure of a receptor
with or without a ligand bound.

In the absence of a structure of receptor bound to a ligand (nal
(unliganded receptor ¢palll bagi ull e Jusividl); molecular graphics will
help identifying the molecular structure of a possible pocket, where a
ligand can fit (define the pharmacophore)

In the presence of a structure of receptor bound to a ligand (liganded

receptor ol syl Juicdll); the ligand be removed graphically to

expose the receptor binding site. Other molecules are docked into the

binding site

— Advantage; when a ligand binds to a receptor, it can change the
receptor conformation. If we use the unliganded crystal structure,
we could be docking compounds into the wrong binding site
conformation. The liganded structure also gives us an idea of which
interactions are important.



Designing a pharmacophore Jdll ¢ jall asaal
Example: HIV protease active site

The crystal structure identified two H-bond acceptors (Gly27 and Asp25),
one H-bond donor (1le50) and one hydrophobic region (11e50)

Asp25 4 Asp25 O

Gly27 \( Gly27

O
\H/ Acceptor Y
or Anion
O Acceptor
122 A 9.6 A
8.8 A
Donor R C
6.3
Hydrophoblc CH3
C. / \ \ < \
H
I1e50 H2 I1e50 2
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Designing a Pharmacophore
example HIV protease active site

 Geometric arrangement
of types of functional

groups that are required Asp25 4
for “activity” to the \(
active site of HIV Gly27 Acceptor g
protease or Anion
— l|dentify the o Acceptor Donor
functional group
Red: active site, Donor
Blue: Co A
pharmacophore Acceptor |
— Determine Hydrophobic Donor Hydrop
distances G H
Hydrophobic | |
* Van der Waals EEN e, Vo
and H-bond es0 "2
distances about
1.5-2 A2 (10
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Final Pharmacophore

 Screen the chemical structure database for molecules that could
fulfill the resulting pharmacophore for binding HIV protease.

* Various databases are available. For example:
— Cambridge Structural database (CSD)
— Fine Chemicals Directory (FCD)
— Awvailable Chemicals Directory (ACD)

— Several drugs like Ritonavir were designed A Donor
6.9 .

Doner.: :
DT L 6.0 A
; T 104A
52 A “Acceptor
, 63A. .- S

Hydrophobic ~~
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Liganded receptor ¢ualll b jell Jadiul)

* |dentify a structure (crystal or solution) of a liganded receptor

 Remove the ligand (in silico)

 Dock a new ligand (e.g. inhibitor) that fits into the same
pocket.

* |tis common to proceed with iterative __S (cyclic) approach.
This means to identify the crystal structure of the receptor
with the new ligand, remove the ligand and dock a second
ligand with better fit, then determine the structure of the new
complex. Repeat this until we obtain the best fit (and effect)
of the final drug.
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Example: Discovery of antiviral
(anti influenza drug zanamivir, Relenza)

* Background: Newly replicated influenza
viral particles stick to the surface of the
infected cells before they spread to
other cells. The virus binds to its
receptors on the host cell surface
containing Sialic acid (2.94) through its
protein Hemagglutinin.

* Neuraminidase is the enzyme that
cleaves sialic acid residues from the cell
surface, which releases the virus
particles to spread.

* Inhibition of neuraminidase would
prevent the release and spread of virus
particles.
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Crystal structure of influenza A neuraminidase with inhibitor
bound was obtained.
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Computation suggested 4-OH should be
replaced by 4-NH,, which when protonated
would interact with Glu-119

group
Further, the crystal structure suggested

that the extension of 4-ammonium with 4-
guanidinium (2.93, Zanamivir) would
extend binding to Glu-227 as well.

zanamivir
2.93
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