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PROPERTIES & EXAMPLES OF
BIOLOGICAL DRUGS

National Cancer Institute Definition of a Biological Drug:

A substance that is made from a living organism or its
products and is used in the prevention, diagnosis, or
treatment of cancer and other diseases.
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Chart 5: R&D investments by sector (EUR billion)??

R&D investiment 2010 (€ bn)
10 20 30 40 50 60 70 80 90

Pharmaceuticals & biotechnology
Technology hardware & equipment
Automobiles & parts

Software & computer services
Electronic & electrical equipment
Chemicals

Aerospace & defence

Industrial engineering

Leisure goods

General industrials

Health care equipment & services
Fixed line telecommunications
Oil & gas producers

Banks

Food producers
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1st Replacement of naturally derived proteins Insulin
Growth Hormone
Blood Factors

e Proteins with therapeutic benefits used in non- tPA
defecient patients Hep B vaccine
IL-2
e Antibodies Humira
Herceptin
Avastin
X Nucleic Acids (anti-sense RNA/Naked DNA/RNAI)
Gene Therapy
Cell based Therapies (autologous or allogenic
stem cells)

Personalized medicine
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Product

Blood factor VIII
(clotting factor)

Epidermal growth
factor

Growth hormone

Insulin

Interferons

Interleukins

Monoclonal
antibodies

Tissue plasminogen
activator

Application
Used to treat hemophilia

Used to stimulate antibody production
in patients with immune system
disorders

Used to correct pituitary deficiencies
and short stature in humans; other
forms used in cows to increase milk
production

Used to treat diabetes mellitus

Used to treat cancer and viral
infections

Used to treat cancer and stimulate
antibody production

Used to diagnose and treat a variety
of diseases including cancers

Used to treat heart attacks and
stroke

g Aoa gl g Ay oY AL
Leilandai/Lgbibdatnl



Top 10 Biological Drugs in the United States

more than S1 billion in annual sales in 2017

Commercial (Generic) Top Indications Sales in 2017
Names/ manufacturer

Humira (Adalimumab) Rheumatoid arthritis, plaque psoriasis, $18.4 billion
AbbVie/Abbott Crohn's disease
Rituxan (Rituximab) Non-Hodgkins lymphoma, chronic $9.2 billion
Roche lymphocytic leukemia, rheumatoid

arthritis
Enbrel (Etanercept) Rheumatoid arthritis, plaque psoriasis, $7.9 billion
Pfizer/Amgen psoriatic arthritis
Herceptin (Trastuzumab) HER2+ breast cancer $7.4 billion
Roche
Avastin (Bevacizumab) Breast, colorectal, kidney, non-small-cell $7.1 billion
Roche lung, glioblastoma, ovarian cancers
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Top 10 Biological Drugs in the United States

more than S1 billion in annual global sales in 2017

Commercial (Generic) Top Indications Sales in 2017
Names/ manufacturer

Remicade (Infliximab) Rheumatoid arthritis, Crohn's disease, $7.1 billion
Johnson & Johnson ankylosing spondylitis, psoriatic arthritis,

plaque psoriasis, ulcerative colitis
Lantus (Insulin glargine)  Diabetes $5.7 billion
Sanofi
Neulasta (Pegfilgrastim)  Neutropenia related to cancer $4.7 billion
Amgen chemotherapy
Avonex (Interferon beta- Multiple sclerosis (MS) $2.1 billion

1a) Biogen Idec
CinnoVex, a biosimilar, in
Iran

Lucentis (Ranibizumab)  Age-related macular degeneration $1.5 billion
Roche, Novartis
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Trade Name
Enbrel
CAvastin
Rituxan
Femicade
Herceptin
Humira
Lantus
Meulasta
9. Lucentis
10. Aranesp
11. Avonex
12. Prevnar-7
13. Rebif
14. MovolLog
15. Movalin
16. Advate
17. Humalog

LN AL

18. Procrit | Eprex

19. Erbitux
20. Pegasys
21. Betaseron

22 Novoseven

23. BOTOX

24 MeoRecormon

25 Felopgenate

Description

THF Mab, rDMA

VEGF Mab, rDMNA

CD20 Mab, rDMNA

THF Mab, rDMA KMab, rDMNA
HERZ receptor

THF Mab, rDMA

Insulin glargine, rOMA
G-CSF, rDMNA, PEG
VEGF Mab Fab, rDMNA
EFQ, darbo-, rDMA
Interferon beta-1a, rODMA

Pneumococcal Vaccine(7 -CRM197

Interferon beta-1a, rOMNA
Insulin aspart, rOMNA
Insulin, rOMNA

Factor VI, rDMA

Insulin lisprao, rOMNA
EPO, rDMA

EGF receptor Mab, rOMNA
Interferon alfa, rDMA, PEG
Interferon betaser, rDMNA
Factor Vlla, rDMA
Botulinum Toxin A

EFPO, rDMA

FS Factor VI, rDMADr Aljamali Biotech

Marketer
Amagen [/ Pfizer
Foche

Foche /Biogen
Johnson & Johnson
Foche

Abbaott

Sanofi

Amagen

Foche

Amagen

Biogen ldec

Ffizer

Merck

Movo Mordisk

Movo Mordisk
Baxter

Lilly

Johnson & Johnson
Bristol-Myers Squibb
Foche

Bayer

Movo Mordisk
Allegan

Roche

Bayer

2010 Rev

$7 287
%6,973
%6,859
$6,520
$5,859
35,488
54,834
$3,558
$3,106
$2,095
$2,518
$2 400
%2297
52,198
52,185
$2,005
%2054
$1,900
51,791
$1,775
%1661
%1483
$1,414
51,387
51,283



26. Meupogen
27. Levemir
28. Engerix-B
29 Tysabri

20. Humulin
31, 3ynagis
32, Gardasil
33. Varivax

34. Morditropin
35. Genotropin
36. Forteo

37. PEG-Intron
38. Orencia
39. Cerezyme
40. Xolair

41. Gonal-f
42 BeneFlXx
43. Menactra
44 Pulmozyme
45, Soliris

46. Follistim AQ
47 . Mutropin
48. THKase
49. Helixate F35

50 Actermra

G-CSF, rDMA

Insulin detemir, rOMA
Hepatitis B Vaccine, rDMNA
Integrin Mab, rOMA

Insulin, rOMA

R3SV Mab, rDMNA

HPY wvaccine, rDMNA
Varicella Vaccine
Somatropin, rOMNA
Somatropin, rOMNA
Farathyroid hormone, rDMNA
Interferon alfa-2o, rOMNA
CTLA4-1g, rDMA
Glucocerebrosidase, rDMNA
mmunaoglobulin E Mab, rDMNA
FSH rDMA

Factor L, TDMA
Meningococcal Vaccine
DMase, rDMNA
Complement C5 Mab, rDMNA
FSH rDMA

Somatropin, rOMNA

tPA, TME-, rDMNA

Factor VI, rDMNA

IL-6 receptor mAD, [DNA i siowecn

Amgen

Movo Nordisk
GlaxosmithKline
Biogen [dec /Elan
Lilly
Medlmmune/AstraZeneca
Merck

Merck

Movo Mordisk
FPfizer

Lilly

Merck
Bristol-Myers Squibb
Genzymelsanofi
Roche & Movartis
Merck Serono
Pfizer

Sanofi

Roche

Alexion

Merck Serono
Foche

Foche

Bayer

Roche

51,286
1,271
$1,200
51,089
51,089
51,038
H998
929
BEaT
H885
$830
5737
$733
720
H692
$674
643
b626
5554
041
$0a
5204
5496
480

b428



Early Phase Preclinical Regulatory Scale-up to Post-Marketing
Research Testing Review Manufacturing § Survellance

Phase [

5,000-10,000
Compounds

Phase II
Phase III
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Investigational New Drug Application Submitted

Patent Applications Filed
New Drug Application Submitted




SELECTED BIOLOGICAL PROTEINS/

BIOPHARMACEUTICAL DRUGS
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Human Insulin and analogs
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Human Insulin Analogs
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Michael Smith won Nobel Prize in
1993

* Using site-directed mutagenesis the information
in the genetic material can be changed. A
synthetic DNA fragment is used as a tool for
changing one particular code word in the DNA
molecule. This reprogrammed DNA molecule can
direct the synthesis of a protein with an
exchanged amino acid. Michael Smith's method
has become one of biotechnology's most
important instruments.
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Michael Smith won Nobel Prize in
1993

* With Smith'’s site-directed mutagenesis the
researchers can study in detail how proteins
function and how they interact with other
biological molecules. Site-directed mutagenesis
can be used, for example, to systematically
change amino acids in enzymes, in order to better
understand the function of these important
biocatalysts. The researchers can also analyse
how a protein is folded into its biologically active
three-dimensional structure. The method can also
be used to study the complex cellular regulation
of the genes and to increase our understanding of
the mechanism behind genetic and infectious
diseases, including cancer.
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Template DNA containing wild
type sequence

Denature { &
Primer containing mutation binds
totemplate
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Insulin aspart & glargine & glulisine

Glargine**

A-chain

Glargine™* Detemir**

. C-14 Fatty acid
r . chain
Thr
Glu
Lispro

Aspart

Glulisine**

Oiisll slan s B28 adsall i Pro oe Lase Asp = insulin aspart 3 a5 ld calagiul
Clpus) A 315k (e SC alall i Giall 4gle (30ha (3 5l 13 5 5 el

Asn = Y Gly Jlaiialy il ol sui) e alidgs E. Coli 2 insulin glargine g
2 glargine cplswi¥ly (B Alwlall 4uliusS g )SI 4ilall & Gly Sl 43l g A2 ad el &
sl J Baa g diia day Gl gD AauluY) Ol sl (e Ay B Gl sie Jaxy g il
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monoclonal antibodies (mAbs) 4Ll 3aa 5 alazaY)
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b s Chimeric Human
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B wouse sequences Bl Human sequences

constant domain
of light chain
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Table 1. Approved therapeutic antibodies.

Year Trade name Type of antibody - C e )
_ . | Disease indication Company
(FDA) (Generic) (Target antigen)
1986 OKT 3 (muromanab-CD3) Murine (CD3) Allograft rejection Ortho Biotech
1994 ReoPro (abciximab) Chimeric Fab (GPIIb/I11a) Adjunct to PTCA Centocor
1995 Panorex (edrecolomab) Chimeric (CA17-1A) Colorectal cancer GSK/Centocor
1997 Rituxan (rituximab) Chimeric (CD20) Non-Hodgkins lymphoma IDEC
P ti f kidney
1997 Zenapax (daclizumab) Humanized (IL2R) SLE -y PDL
transplant rejection
1998 Herceptin (trastuzumab) Humanized (Her2/neu) Metastatic breast cancer Genentech
1998 Synagis (palivizumab) Humanized (RSV F) RSV propylaxis Medlmmune
1998 Simulect (basiliximab) Chimeric (IL2R) Ry uidncy Norvatis
transplant rejection
. e - . ; Rheumatoid arthritis,
1998 Remicade (infliximab) Chimeric (TNF-a) Crohn’s disease Centocor
2000 Mylotarg Humanized-calicheamicin(CD33) CD33-acute myeloid leukemia Celltech
{zemtuzumab ozogamicin)
B-cell Chroni
2001 Campath (alemtuzumab) Humanized (CD52) Lymph‘;z}ﬁc:‘::;mia Millennium
Fevalin g d
2002 R . Murine-Y-90 (CD20) Non-Hodgkins lymphoma IDEC
(ibritumomab tiuxetan)
2002 Humira (adalimumah) Human (TNF-o) Crohn’s disease, RA CAT/BASF
T /G tech/
2003 Xolair(omalizumab) Humanized (IgE) Asthma anobenentecty
Novartis
2003 Raptiva (efalizumab) Humanized (CD11a) Psorisis Xoma/Genentech
2003 Bexxar (tositumomab) Murine-I1-131 (CD20) Non-Hodgkins lymphoma Corixa/GSK
2004 Erbitux (cetuximab) Chimeric (EGFR) Colorectal cancer Imclone
CRC, breast 1
2004 Avastin (bevacizumab) Humanized (VEGF) » Dreast, rend, Genentech
NSCL cancer Q
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Rituximab and alemtuzumab
induce cell lysis by activation

Ibritumomab and of the host immune system.
tositumomab deliver

radioisotopes.

Gemtuzumab delivers

\ a cytotoxic molecule.
N\ I \ Bevacizumab, cetuximab, and
\ trastuzumab bind to the extracellular
. )\ < domains of receptors involved in cell
Antigen | o growth and proliferation, such as
o “,'\1, eI protein-tyrosine kinases.
Pt et S
.“‘v'. : " , <
/ "'

"_’t o Signalling
pathways

SMALL-MOLECULE DRUGS:
{eg, bortezomib, gefitinib, imatinib)
inhibit cell proliferation by blocking
intracellular signals that stimulate
gene expression, eg, by binding to
the intracellular portion of protein-
tyrosine kinases.

OTHER THERAPIES,

which remain experimental, are
limited by lack of effective delivery
systems.

Ribozymes block protein synthesis
by catalyzing cleavage of RNA.

Antisense oligonucleotides block
protein synthesis by binding to
DNA or mRNA.

Gene therapy aims at introducing
i ' beneficial genes, such as tumor
Dr. Aljan29i_Biotepipressor genes.
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Production of Theraputc

Peptides & Proteins



@il 4350 oo ) Al dians Ja 53

* Peptide 2:iu): consists of 2 or more amino acids
 Oligopeptide xiull ©3ULE: consists of 10 or fewer
amino acids

* Polypeptides inll &laae: chains of 10 to 50
amino acids

* Proteins <Ly yll: polypeptides of more than 50
amino acids
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Naturally-Occurring Peptide & Protein Hormones

ACTH 39 Anterior pituitary Adrenal cortex
ADH (VP) 9  Posterior pituitary Kidney / 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
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Protein
Pharmaceuticals

Polypeptides
and Proteins

! Oligopeptides

Natural DNA Chemical
extraction recombination synthesis
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Oligopeptides iull i3l
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ale SPS 4x& Bruce Merrifield Al jsha o
ale LSl 8 Jisi 3yl Lple jla 5 1963
1984

Gl Allad Ayl oaa S e a )l o g e
ol b G LSl Any s S 253 50
¥ L WS ¢ ppall Ao el )6l Gld cilagiull
CObaaill Agilie CBhaad Aila) (e aodalls (R
post-translational des yill 43|
Apapball LA 8 Saay LS modifications

Fall 2019 Dr. Aljamali_Biotech 5



Resin with linker arms

(—— 1)

Figure 1.3 Single resin/single peptide (Merrifeld style) methodology.
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Solid Phase Peptide Synthesis

Solid Phase Peptide Synthesis Scheme
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RGD peptidomimetics

Arg—Gly-Asp (RGD) )& -

common PB-turn
motif that binds to
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PHARMACEUTICAL BIOTECHNOLOGY &
BIOPHARMACEUTICAL PROTEINS

Biopharmaceutical Proteins on the Market
Production of Pharmaceutical Proteins
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Plasma fractionation/Extraction
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adll 38 (%) A siall il

Cells Blood Plasma Plasma Proteins

Clotting preparations
Cold-insoluble globulin

Plasma

Gamma globulin

Beta2 globulin
Betal globulin

Ceruloplasmin
Alpha2 globulin
Alphal globulin

—
Leukocytes & Albumin
Erythrocytes —
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Table 1. Plasma proteins of current therapeutic interest; the wide concentration range is -

24

one of the challenges of designing process separation processes. LW RL-P
A 5 O BNY J T - N
Goncentration LAJM ‘ G-
Protein in Plasma Indication ).J /& 60 L’J‘;
Alburmin 40 g/L Volume restoration after trauma, shock, bums e .
Alpha, proteinase inhibitor 1.5 mg/mL Hereditary emphysema “—‘L’:‘UJT‘M 0
Anti-D 1gG titer varies? Rh prophylaxis in pregnancy and childbirth 57 e JM
Antithrombin 111 100 pg/mL Antithrombin Il deficiency :
C1-inhibitor 170 pg/mL  Hereditary angioedema L Lol e
Factor 1X 10 pg/mL Hemophilia B LAl &t At
Factor VIII 0.5 pg/lL  Factor VI deficiency A o
Factor X| 0.3pg/mL  Hemophilia B ldaadle 4.0 5 5
Factor Xl 30 pg/mL Factor XIII deficiency
Fibrinogen 3glL Tissue sealant component
Fibronectin 300 pg/mL Wound healing
Hepatitis B 1gG titer variesd Hepatitis immunity
Immunoglobulin G Upto12.5g/L Primary and secondary immune deficiency
Measles 1gG titer varies® Measles protection and treatment
Protein C 4 pg/mL Neonatal thrombosis
Rabies IgG titer varesd Habies risk
Tetanus IgG titer variesa Tetanus protection and treatment
Thromibin 150 ugfran Tissue sealant component
Varicella Zoster IgG titer varies® Chicken pox protection
Von Willebrand factor 10 pg Von Willebrand's disease
Miters (antibody concentrations) vary in pg/mlL ranges. bAs prothrombin
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dadaa

it gl ZUY adiza¥) deliall protein fractionation Clisis dl es jad 3z o
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Alpha Therapeutics —
Aventis Behring —
Bayer Biological Products —
Baxter Bioscience —
CSL/ZLB Biopharma —
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Cohn 4a |

Cohn procedure

G yis padldiul (e S 48 )k adiad e
g_mhah.a.wa uﬁ ;.\M_ﬂ\ g_ml.;)zj u.l\.uY\
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cyas TR TR P Nt i
Q_il_l.Li}).\M

P i s Rk Cohn Hah oo s o
ol Al Glidgll e gl Bae
Edwin Cohn 1892-1953 Badae Jailhl 380 5 clals da

Helped hundreds of soldiers during g v . j 3
WWII with proteins extracted from 2l s JSay Aot 4y ylal) o JI i Y e

plasma. Nominated for Noble Prize u.mj.\N\ Ot g anil

1950 in Physiology or Medicine
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Plasma

Supernatant |

Precipitate |
Fibrinogen
Facior Vil

Complement profeins

]
Supernatant 11 11l

Precipitate I I
laG, Igd, Ighd
Coagulation Factors
-and - globuling

]
Supernatant IV 1

|

Precipitate IV |
+ antitrypsin
Antithrombin

-and - globuling

]
Supernatant IV = 4

Precipitate IV = 4
Ceruloplasmin
Transfemin
Haptoglobin
-and - globuling

L]
Supernatant V

Precipitate V
Albumin
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Cohn

Al platiuly LSl iy » g 53

Fraction Ethyl alcohol (%) pH Proteins

I 8-10 7.2 Fibrinogen, Factor VIII, Fibronectin, Clq, C1r, Cls

[+ 1 25 6.9 IgG, IgA, IgM, Factors II, Factor VII, Factor IX, Factor X and Globulins

IV - 18 5.2 a- and g-Globulins, AT-lll, e -Antitrypsin, IgM, Complement components
V-4 40 5.8 o- and B-Globulins, Transferrin, Cerruplasmin, Haptoglobin

V 40 4.8 Albumin, - and g-Globulins

Fall 2019
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Albumin is a major plasma protein and
binds to the number of drugs altering their
pharmacokinetics. It is single chain
polypeptide of 585 residues, which
comprises about 60% of the plasma
protein.

Albumin is chiefly responsible for
maintainance of blood tonic pressure and
pH.

The human serum albumin (HSA) is named
a multifunctional plasma carrier protein
because of its ability to bind to an
unusually broad spectrum of ligands.
These includes inorganic cations, organic
anions, various drugs, amino acids, and
perhaps most important and
physiologically available  hydrophobic
molecules such as bilirubin and fatty acids

Fall 2019
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Its primary structure is characterized by low content of tryptophan,

a high content of cysteine stabilizing a series of main loops, and
charged amino acids such as aspartic and glutamic acids, lysine and
arginine. The apparent repeating structural features, large and small
loops and connecting segments, suggest that albumin evolved
through a series of gene duplications. Its secondary structure is
constituted of 67% of helix of six turns and 17 disulfide bridge. The

tertiary structure is composed by three domains |, II, Il
Human Serum Albumin

Potential Glucosylation Sites
. '/‘

Disulfides |
Propeptide

—

50 0N\ 10y, M0 S HO B0 40 50 S0 0 S0 &0

Signal l | l
Pprd& ‘ Domain 1 % Domain 2 Domain 3

Phosphosanne Phosp‘hotyrosme
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Property Affinity Group-specific lon-exchange Hydrophobic/
Bio-specific Reversed phase

Adsorption capacity Low Medium-high High Medium-high

Selecticity High Medium-high Low-medium Low-medium

Recovery Medium High High Medium

Loading condition Mild Mild Mild Sometimes harsh

Elution condition Harsh Mild Mild Mild

Regeneration Incomplete Complete Complete Incomplete

Cost High Low Low Low

Fall 2019 Dr. Aljamali_Biotech 16
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Cryoprecipitation

k

DEAE-Sephadex adsorption

Gelatin-Sepharose adsorption

——»

Factor VIII

——  Fibronectin

— Prothrombin complex

Heparin-Sepharose adsorption

> Antithrombin 1l

Aerosil adsorption

Sephadex G-25

DEAE-Sepharose
or QAE-Sephadex

W

DEAE-Sepharose

CM-Sepharose

Sephacryl S-200

SP-Sephadex adsorption

F———>

Immunoglobulin G

———— Albumin
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Plasma-derived therapeutic products (2010)

Albumin (»20)* Von Willebrand factor (6)
Immunoglobulin (> 20) Fibrinogen (6)
Factor VIII (»20) Thrombin (3)
Factor IX (17) Fibrin sealant (6)
Factor VII (3) Prothrombin complex (15)
Factor X (2) Antithrombin (15)
Factor Xl (2) a—1-Antitrypsin (4)
Protein C (2) Cl-Esterase inhibitor (2)
Activated protein C (1) Haptoglobin (1)
Factor Vlla (1) Activated Prothrombin complex (1)
* Number of manufacturers worldwide
Fall 2019 Dr. Aljamali_Biotech 19



Buminate®, Baxter
Prepared by Cohn cryoprecipitation method

* Buminate® 5%, Albumin (Human),
USP, 5% Solution is indicated for
Hypovolemia, Hypoalbuminemia due
to general causes and burns, and use
during or prior to cardiopulmonary
bypass surgery.

e Buminate® 25%, Albumin (Human),
USP, 25% Solution is indicated for
Hypovolemia, Hypoalbuminemia due
to general causes, burns, adult
respiratory distress syndrome (ARDS),
and nephrosis, for use during or prior
to cardiopulmonary bypass surgery,
and Hemolytic disease of the
newborn (HDN).

Fall 2019 Dr. Aljamali_Biotech 20



Carimune® NF
CSL Behring (prepared by chromatography and nanofiltration)

e Carimune® NF is indicated for the
maintenance treatment of patients
with primary immunodeficiencies (PID,
e.g., common variable b4+
immunodeficiency, X-linked
agammaglobulinemia, severe
combined immunodeficiency.

e Globulin Intra us (Huma

Carimune® NF is preferable to
intramuscular Immune Globulin
(Human) preparations in treating
patients who require an immediate
and large increase in the intravascular
immunoglobulin level

Fall 2019 Dr. Aljamali_Biotech 21



Optivate®

Bio Product Laboratories (BPL), (prepared by affinity chromatography)

Plasma-derived human factor VIII
and von Willebrand factor (VWF)

Optivate® is presented as a
powder and solvent for solution
for injection containing nominally
250 IU, 500 IU or 1000 IU human
coagulation factor VIII per vial.

Treatment and prophylaxis of
bleeding in  patients  with
haemophilia A (congenital factor
VIl deficiency).

Fall 2019
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Gene of

interest —l

Fall 2019

e —

Introduce into
bacterial or
mammalian
cells

Cells grown on
culture plates

/ ) \

- ®O © 8 8 .

Grow cells that
have gene of

Cells cultured in fermenter
produce protein of interest

interest in

fermenter

Dr. Aljamali_Biotech
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Recombinant
protein of interest
can be isolated
from cultured cells
using biochemical
techniques

Y
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Sl (e sl (8 A sall ol gl jucasd Gyl Ky

Ll g A3l

Bacteria PRIEN{ e ial Cila olaia Bac dagig @
T

Escherichia coli and other bacteria *

Pichia pastoris and other yeasts °

Yeast Baculovirus (with insect cells) e

Mammalian cell culture -

Plants -

Animals -

Mammalian

Cell free -
cells
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Protein Feature

Concentration
Molecular weight

Secretion

Folding

Glycosylation
Retrovirus
Contamination

Production Quality

Scale-Up Capacity

Fall 2019

Prokaryotic Eukaryotic Eukaryotic
Bacteria Yeast Mammalian
High High Low
Low High High
No Yes/No Yes
Incorrect Correct Correct
No Incorrect Correct
No No Possible
Endotoxin Low risk Viruses
Low Moderate High
High High Low

Dr. Aljamali_Biotech
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* Choice depends on size and character of protein
— Large proteins (>100 kD)? Choose eukaryote
— Small proteins (<30 kD)? Choose prokaryote

— Glycosylation essential? Choose baculovirus or mammalian
cell culture

— High yields, low cost? Choose E. coli

— Post-translational modifications essential? Choose yeast,
baculovirus or other eukaryotes

Fall 20 8



Adlise s el e ghaie 8 dainall 400 sall i o ) e AL

Bacteria Insulins No glycosylation
Short cycle time
Yeast Growth factors Modified

glycosylation

Mammalian cells Antibodies Mammalian
glycosylation
Long cycle time

Goats AT I Very long cycle
time

Cost effective at
large scale.

Fall 2019 Dr. Aljamali_Biotech



Cra BIAL) US| g e 5 3 (330 yha calias
4o yall (4 g sl AaeS g A

& ol Gl LAY JESL sile K0, o
GOl yadall aadiiad ey ddiadl (al e
Leaall  OOeldly  Fermentors
saal & LAl JUSY Bioreactors
ansie cilbeS o Jgaslly
(g gall b)) 3,58 o (il jeiall)
Sl gl (e
le s Lie JS 0% 3ane alugl aadis o
Al (WAL e Jadse
(Luria Broth, LB medium) a8l )2l —
(Dulbicco’s Modified 4udill LAl —
Eagle Medium, DMEM+ Fetal
Bovine Serum, FBS)
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A

51&,
o Isolate E.col plasmid Bluescript | DMA and mouse genomic DMNA.
E. coli
plasmid Bluescript Il Mouse DNA
Gene for B-globin

Gene g;;

conferring ‘

resistance ﬂ'ﬁ \

to ampicillin

oTE,
€©) Cleave plasmid and mouse DNAs
with restriction endonuclease EcoRL

TTTTETTITTITR,
[ )

Erian w‘.»_% o

| -

-

L¥]

.3
SIE,
© Mix plasmid and mouse DNAs
under annealing conditions
wE and treat with DMNA igase.

Recombinant DNA
containing mouse EcoRT
restriction fragment
inserted into selfreplicating
E.coli plasmid DNA.

For example, gene encoding
the B-globin chain.

Fall 2019 Dr. Aljamali
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Antibiotic Resistance Screening

* Most cloning vectors carry an ampicillin resistance gene
(ampr), and will confer ampicillin resistance to the E. coli
cells if the transformation process was successful.

* This would mean that when the clones are plated out on
ampicillin-containing medium, only cells containing a
plasmid would be resistant to the antibiotic and,
therefore, be able to grow.

 However, this does not show whether the cell contains
the recombinant plasmid (with the inserted gene of
interest) or only the re-ligated vector (without the
inserted gene of interest).



Blue-White Screening

* This method also involves the insertional inactivation
of a gene and uses the production of a blue
compound as an indicator . The gene is lacZ, which
encodes the enzyme [-galactosidase, and is under
the control of the lac promoter.

 If the host E. coli strain is expressing the lac
repressor, expression of a lacZ gene on the vector
may be induced using IPTG (isopropyl- R-D-
thiogalactopyranoside), and the expressed enzyme
can utilize the synthetic substrate X-gal (5-bromo-4-
chlore-3-indolyl- [3-D-galactopyranoside) to yield a
blue product.



Fall 2019

Lac Operon

Operon turned off (lactose is absent):

OPEJBON

DNA

mRNA ' '
Protein
repressor

RNA polymerase cannot
attach to the promoter

Active

Operon turned on (lactose inactivates the repressor):

DNA

RNA polymerase is
bound to the promoter

mRNA
ﬂ Translation
Protein bk \J-’l I v
P Inactive ‘ ‘
Lactose repressor Enzymes for lactose utilization

Dr. Aljamali_Biotech
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Blue-White Screening

* Insertion of a DNA fragment into the lacZ gene
(insertional inactivation of lacZ) in the production of
a recombinant plasmid would prevent the
development of the blue colour.

* In this method, the transformed cells are spread onto
a plate containing an antibiotic (to select for
transformants in the usual way), IPTG and X-gal, to
vield a mixture of blue and white colonies. The white
colonies have no expressed [3-galactosidase and are
hence likely to contain the inserted target fragment.
The blue colonies probably contain religated vector.

Fall 20 16
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Colony PCR

C10 C11C12

C14 C15 C16
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Protein expression in Bacteria
(Choice of E.coli compartment)

Cytoplasmic expression

Growth medium Advantages:
*No need for signal
S, seguences,
Cytoplasma dDNAO *High concentration of
OO expressed proteins

Disadvantages:
Formation of inclusion
bodies
*(No disulfide bond
Inner membrane formation) (reducing
Outer environment),
membrane *Protein instability,

Fall 2019 Dr. Aljamali_Biotech 19



Protein expression in Bacteria
(Choice of E.coli compartment)

Periplasm
Growth medium Advantages
sImproved folding (no
s Inclusion body formation)
Cytoplasma dDNAO Disulfide bridge formation
OO (oxidizing environment)
Less protein degradation.

Disadvantages.
Low protein
concentration due to
Inner membrane Inefficient transport and

Outer small compartment
membrane

Fall 2019 Dr. Aljamali_Biotech 20
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& : : :

Exponential Death

Stationary

Biomass

Fermentétion time
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SPECIAL TOPICS IN BIOPHARMACEUTICALS
DETECTION & ANALYSIS
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Fluorescence spectroscopy _slaall cadall  ulie

Circular dichroism cs_al ¢ sl =1 533

NMR (oubalizall (5 5 5il) (paidall
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Circular Dichroism (CD) w_3al G slll z153)

o AV el (agaadl 56K cGpalall ac Lag e
salh Dhludl e g S a3kl
Glaaal 4d gl aibadll (53235 Chiral carbon
paseall e Ll pSal 5kl je 3S)pall ) il
pe caline JSG aiall Glaae il Guay A
_L..gjhagl\j Lj_\m,.d\ Lﬁ)ﬁ\ﬂ\ ladiill ¢ guall

Jmad (s (a3 250 (e ) Far-UV 4a e Joha 8 o
OSars o(Gldll/Anta/g s 3la) Giis el 50 (Al
Jana B Leie 450 4y IS Ais gy ) CD phal
gl

Jud (S (& 300-250) Near-UV da e Jsh A& e
Gkl Jadl (e GAl CD azgy g all 4G 4
conformation (sl JS& 8 &l il Al jal




Circular Dichroism (CD) w_3al G slll z153)
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n

o

IR T N T T T

|
n

|
o
]

Residual ellipicity

_Q-D IIII|I]II|I]II|IIII|IIII|IIII|IIII|IIII

250 260 270 280 290 300 310 320 330
Wavelength (nm)

Near-UV CD for recombinant hGH solution (1 mg/ml) (solid line) and for
recombinant hGH containing cyclohexanol (dashed line).
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Fluorescence Spectroscopy _slaall calall

Tryptophan Multiphoton Absorption

Mnm) hv(eV)
200 6.0
Single
Photon
4.5 eV 250 5.0
Transition ——»
300 4.0
400
Two 3.0
Ph
oton W 20
Three ﬂ
Photon 1.0
Figure 3
Fall 2019

Tryptophan

~C00~
CH2-CH 9
“NH3
N
H

. %

o) Emission
(348 nm)

S S—
3P 2P 1P
Excitation

Tyr «Trp «Phe 4 kall 4wl cYLN sas
Gy Trp A SV Bl sk o Siy 5l
DSV oa Jsay) ddls (S

—300 4> 50 Jshy 3 08 lidiyll ahaae (5o
—250 As e Jshy Ly yad o4 Ladie &3 400
2300

ji 3aal 5 Trp Ald Je i gl ekM S it
2 Trp @YW 6S L sale g Lgie DUl laae
G805 lla sl A e JA &S ghae dladl
e sdle Gaw M) ool b
Ailca) 36l 3 < 3L ) =« (aggregation
Jshy A all Jaly o584l Trp ety elAl
A )Mt e cai 330-325 ebacl da sa
:355-350 4a 50 J sk mhaull el Trp
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Glycosylated Proteins 3 Slxall cilisi g sl

PTM das yill 483 S3haatll 8 CaBEAY) Al jal 45 jlmall 48y ylal) |EF 4085 325 o
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SPECIAL TOPICS IN BIOPHARMACEUTICALS
PROTEIN INSTABILITY
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Protein Instability <l ) 48l axe

sl Dl g ) Al aae el e
(Anadlid ) Al 38 4l e —
(Azedlist) AlasS Al e —
1Y) A o aiall YA gl Ll pamdd cillee A6 aal —
aggregation =Xl 5 oxidation 3:.SY) 5 c<deamidation

-esses A ‘. :
3° Structure
of Proteins

Non-covalent Covalent
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Protein Instability <l sl 45l axe

@

aaludll  pe Gllaall szl e
Al jell Al aael Al
:physical instability
denaturation il —
precipitation il —
aggregation Sl —

/ ; : Non-
| Precipitation || | Covalent |
| Processes /j

adsorption u<abasyl —

Aggregation
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Protein Instability <l sl 45l axe
At dyaalll cilleadl aai o
chemical 4l 450 a2al
/Deamidation sinstability
deamidation Y4l —
oxidation sauSY) —

kil s hydrolysis Agealall —
Gl 3l gl Giley L Jasd sl

proteolysis

Proteolysis

S-S Bond
Formation

# -
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Denaturation (unfolding)

agents: pH, temp, ionic strength, solubility

penaturati,
loss of
K2 biological %
¥

activty /) \ \

regains

activity
Normal protem e"atura\\o“ Denatured protein

*Hi or low pH (>10 , <3)
most stabilizing maost destabilizing

*Hi or low temp (>600C <00C) strongly hydrated anions weakly hydrated anions

«Salts (Hofme|ster SerleS) weakly hydrated cations strongly hydrated cations

*Interaction with surface (also in adsorption) 12
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Insulin Aggregates

very small molecules enter
many pores in the gel,
equilibrating between the gel
and the moving buffer, and so
travel slowly and are eluted later

s medium sized molecules enter
-4— some pores in the gel,

4 equilibrating between the gel
and the moving buffer

IMONaMmeTE

-4— large molecules enter few pores
in the gel, and so travel rapidly
and are eluted sooner
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Adsorption (<bas¥|
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Oxidation 32uSY!
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Oxidation 32.S8Y!
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Hydrolysis d¢alall

Asp-Pro o daaiind) dday Il oLl cale (S0 LiliasS Allad ye dpaciall ddayl 1) 35
autohydrolysis 4Gl dgalall Loa s Y 3a3 Al

recombinant macrophage colony sl aigdl o) cpn e e
Al dagl g ) GlKE Aa iy aea Jany A TR stimulating factor (rM_CSF)
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— Serine proteases <Threonine proteases <Cycteine proteases <Aspartic
acid proteases <Metalloproteases s «Glutamic acid proteases .
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SPECIAL TOPICS IN BIOPHARMACEUTICALS
CONTAMINATION

Fall 2019 Dr. Aljamali_Biotech

20



dalanl) 3 & gl

HAT e d Y OIS el Al At i) i) el (Kad e o o
maadill Alllee JUA 8]l (3a8adl 4a jla § 3aae il ghad
') ghadl) Sl 0 e
dagie Aariiudl ) a¥) 53 3eaY) muen 05SE O —
HEPA auby Cayxi iy 5 yilie 4565 aladiuly s Clean rooms dada <o e A Jaall 5m o —
Filters

Pyrogens 3 ) yadl <ol sa s il jall g il g il e jaivee g 5 atl) som o) —

AN

Umnluftger at

s
A

ETOIERE 1

Fall 2019 Dr. Aljamali_Biotech 21


//upload.wikimedia.org/wikipedia/commons/a/a6/Turbulenter_Reinraum.png

dia 2all Lee L) (Saad) il shaall g u gyl G glil

removal 4 3Y) s inactivation dllxdll Jauii 5 sl e L) il g ) Alalae Sy
olial il Jgaall 8 LS

sl @a3 ) a5 of Jsaalls Aaa pal) skl med Koy AliaMa o
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Inactivation

Chromatography Affinity chromatography

Removal Filtration Ultrafiltration

Precipitation Cryoprecipitation
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Special Topics in Protein
* Preformulation / Formulation
* Delivery of Biopharmaceutics
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Preformulation 4¢luall J8 L
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Table 4.3 Analytical Methods tor Degradation/Purity Tests

Degradation reaction Analytical methods

Purity testing SDS-PAGE (reducing and nonreducing), UV assay,
SEC-HPLC, CEX-HPLC, LAL test, ECP enzyme-linked
immunosorbent assay (ELISA), Western blot, DNA

hybridization
Deamidation Isoelectric focusing, ion exchange chromatography
Oxidation Reverse-phase HPLC, peptide analysis
Aggregation Size exclusion chromatography, SDS-PAGE, light

scattering, analytical ultracentrifugation

Fall 2019 Dr. Aljamali_Biotech 3



SPECIAL TOPICS IN BIOPHARMACEUTICALS
FORMULATION

Fall 2019 Dr. Aljamali_Biotech



e 22ll e formulation 4cbuall clilee la®y o) s
A g l) 4 ga¥) (S yidal g8 Al claal

Alli alaea () s Aol 4y aVL Aalal) ApVauall juall Gudl aladiul (Ko Y e
Sl et g agitation GJMJ diadl) g Jazacall Gilllae ¢JUa) Chlisi gyl a’)As @A\
(high shear mixing 4e )l 3ok Lalad) g3 ) jall da o

sianal Ja axy alil day )l shelf life crodil) sae jslady ¥ ecalisi g yall dauilly o
JiwYl Nasall jlaadl e asis o(fubiall cliladl (e &) sl
iy gmall g zlall b el sl Al e ddailadll

Microbial
Considerations |}

Stability | Delivery

|\ '\

Fall 2019 Dr. Aljamali_Biotech 5



ARl (S elish gyl Al my Ailatall JSLEL aliea Jal
Additives <lileadll

e 1 buffers &l —
_ solubility enhancer 4433y & i sale —
e
- anti-adsorption uabas™ dlias —
!fﬂEﬂB_—lNTHﬂﬂ' anti-aggregation (s3Xill slias —
¥4 100 micrograms pok
mjection Atpriefy

preservative ddadla 3ol —

anti-oxidant 32.S0 sliae —
lyoprotectant/cryoprotectant xsaill g 335 ll (e (A5 —
Al e Alled Jal 5o —

delivery system &) sall eliy) 4x ghaiay Alala Jal oo —

Fall 2019 Dr. Aljamali_Biotech 6



Preservatives 4adlall ol gall

sliaWL 455l o JM\@;\L\.\U}J\ aa) o8 Al Glasdl) il e
\.@J; Az oM\ g_m\_\.ujj.d\ sz‘; L\AJ‘ d.\.L:.u Lgi\ JA‘}[\ 4\.9.13&5\

2ld ary ald saal Ledais
il g ) Jillae 8 Laladiad) a5Lal) Adalall of gall (ya o
Sodium bisulfite —
Thimerosal —
Benzyl alcohol —

Fall 20



cLalll da o sl ¢ Buffers <olel@ 5l -anlill

Ol Addladl 8 i o el gl Sy colall) Jan a5 ) AdLa)
G gl P e Sl (g sl ddadh (e oy claly 53 el g aladiul Jlad,
deamidation ¢Y! 4 ) Se) Aiee pH e gl AT Gy o oS
&8 sale Jiass ) oxidation 32uSY)s dpcass pH die Jiasd of oSy Sl
(4258 pH
i) i (2535 of pH &) sl a3l (S
i gl 5 laindl deadiivall Cleld gl aal g

(pH 6.2 to 8.2) phosphate <law &l —

(pH 3.8 to 5.8) acetate <liwy) —

(pH 2.1 to 6.2) citrate <l il —

(pH 3.2 to 6.6) succinate <l sl —

(Q:L'\;J;Y\ cQ:\u...dﬂ\ cQ:m...ﬂu@J\) 4_1.1.4.‘0\2” UAJA;J\ Q\;G‘j —

Fall 20



Solubility i s ) s

Latl s SVasall JSA) delua 4al g ) cboadll 81 (pe g ) ASadl 3ad
s ) Aallad Ly )5 DAY 8 Llaih Gl (3 5 AL 5l peleatl) o Cas
ool b ads (Sa 3 Gig ol alae Y laiall Ll sl ADla) i
Dl s R ol s B Y T Dl (5 Cany s e

Ay guanl) SOl (s LS Al P ddadi o oY) lada 8 (g pall Aladl ) oSG
Ol A0 (e

O Allasl ST helix-structure 4 s lall ) cald cilig ol ¢S5 cale J
saby (A gl 3 Kle TRk LS ¢b-sheet ailaall 4l cld Glis g
Leadd anbias)

a3l Lald polyethylene glycol (PEG) 8000 — < il adiin Le | S
ihi & PEG 8000 bsiwes 0 sl Addladl oy 48D of Cam ‘u-uw-d‘
Ol OsSs Cuan oGyl mhau e PEG ) Gl “abind” 4y linear
AWl AV o3a ey ATIATY b)lad Ne by e aas (S T8

preferential exclusion (luadil

Fall 20



Preferential Exclusion (luadill slagiuy)

Arias¥) gy A (5 5l o Bl M Ll g sale Adlaall ol sl iy Ja el
preferential hydration dlucadill daleYL Ulal (Adlaadd) 30lll) (5 5l (e Aucaddl]
o) al AU e s b ddaiaall Al 8 81 Adliadl) salall 38 5 6Ky Camy i g all
1J slsal)
(excipient &' sall sf) ddlaall salad) alagivd Legia Ul e 53 of Say (i clitia
$ guall i e 341 G () puall il e Al ABle ) ) L8 dhany o lasiud oS
s ) pmall drinl (5 ms slad) iy o LlSe a0 Jsn bl iy e ST Laaa
AV Jsladll ¢ 3al
Ca Jumdl US55 Wl Jasi 55 o) (§15ad) 3 stabilizing agent 2l s3lall) dlaiall salall ¢S
ol Lpzary aa elall iy 3o Jalii ) (e 5l (s AT A 3l gy Ledals )|

Dr. Aljamali_Biotech

O Water ® Cosolvent

10



Preferential exclusion . &\j_._d\ é M\ BJLAH M‘ .JL:.\MY\ e.@_u.\ ui uSAJ

Laa 4 Cisall il g (Jladll) (5 shal) JSEN i 3

*1‘ s Al Gl N Gl whae e gl 33l dlaginl (o35
I __- u.uj).d\u.adﬁo)ﬂ\ as Ll u\c_\.mu\_ms.uo\_u.‘i)afdms.a
N Gshall e JKAN e Eland) dleiial Sy a3 E) sl
£ gl sb) cuw folded kel R A 4% ST unfolded

a ASpalinn g ) AN aae 835 Y Tdse gkl e JSA

ikt (s shall 3 i oy (A Aty o jall (5 shaall e JAN

v L RETBN
stabilizer * Hydrated shell . i . | . | .
- - 1 gl aladin) Aagm) sl Jadll JSE s i oXRa
Preferen'tial .t;inding ua-u}ﬂ 7 1t gy SS Al :\_u\..u ?“’ o C""" ( - w 1
(]
- *
[ ] - )
- ¥ preferential Llwadi Jas 55 o) (Urea bsl) Jia) diae o) gal (S
. oo dlal Wlle el 58S (ool Al s ae binding
. C addind g lig gyl Aladd (e 3 M5 unfolded skl
. | Ry als I Al 3ALS
yaratedhon <l 5yl 4 3 5 denaturing agent 5
"
denaturant
FaIIZO

11



() 5) Alima 32LS @il JS8) Cppa sl 385 (08 paaiall 4iaily A35LE e
Al all g gyl Jdllase 4

Gl gl g Glagiall (abias) aiely e )5S % 1.0 5 0.1 O 5S) 5 aadius
@l gl AR - glandl e 33l

paal) & AlAlNS e A pl) Julladl B8 &) guS e sdY) aladiul (s slue aal o)
aninal) G5 Cidat g ga ) Adlal g AeS (el ALdatl il
o W) Gnasall jacass e Sl o (S CE PR gy () sal
(Gos 55 il e 0Y)

Cofi g (il Jaufi g ¢ abaed¥) (addl Ayl (gaseall amy Chaddiiul
Bl oally Flaadll olad i g )

(Gly, Asp, Glu, Arg, & sl Aidail 3ol ) (A L) o seall Juadl (4
Lys, His)

‘_A.uas.d\ R\ P AJ\_mu.uj).d\ Jlzall M\umﬂ\.m.«‘)!\ Ua gaad) sdel (S g

Fall 20

12



I Al a5l Tk i ) = e e il JSG 5 Sl Slagind (K
Al i 8 elld 2y elall adaidl 6l 6 8 e L i (Al slall aa Loy
O 5 all Jlasll

sl Ll Jlaial e 55 Sl 2 of oS el o

‘55 ua\_e;.\\ Gﬂ\ Lg.lj.aj O g b daxi u\ AL g 4as gall 2 g8l xS
O oS L».a.i\ s EDTA Jie it 3 e &l JaY PEGI R PR B

_u.ﬁ\.&d\ B EINYEgY u.uj).m c.l.wS\‘\:\Lq.c LJAUASAJ

e gane 28l aial (3235a 381 55) beta mercaptoethanol s Ul andis
Lollle Ly co,€ll 3S | snll an i VI Llo) cilissdl 8 i yuedld
(Ol Jals i st

Fall 20

13



ol JS aaand b S a0 Al e ISl e
Ji LAl g & ganll 8 it g jnl) Al g Al 3l )
o5l oy

(i gl IS (e il K sl aiad o) Sy e
cabaad¥) A L) gl (A3 e aady s3I
anty Loy Jleain) J8 ol all 7 dagts §f zhudl e
Cusy air-water interfaces ¢l sa—cle 7 shau (10 4ic
o) ol Hsh s clall da SN Apiel) a eall CadSH
Gowadll g uaSal) ) (5255
S aa Gl iSo Jddl e oyl Al st e
G Oyl e dS3) ¢ 3l inclusion ol
Al ey G s (Ol iaSa il S el 42 ) el dalad)
lpany e (slall da HSl) diSaall (gl o) 3al il
O s oal) (eaSS aiad MUl 5 el
il Gle gesddl Galail e We el ay —
Al A Ahall Al (mseall duilal)
“ O S s

Fall 2019 Dr. Aljamali_Biotech 14




Fall 2019

 51u€0 ) Jee AT

Cyclodextrins

Dr. Aljamali_Biotech

15



ai:)j\ésc_\u);j\ oJAj cdww\jdwjﬂ\jde\duuuﬁuAmﬁj
L) el Slaa¥) of ) () Aplall) e panall o N L)
cw\uu}@\hmjﬂ\@‘j‘)wmu\

G protein-solvent interface Jae —(ui sl mhaw e 7Y slaginl Al
oLl slaall u.uj).\ﬂ g;.’m.d\ J.-’.)-‘M 3al

L) ASlaa 3,0 i Adalaa cligig gl 0 5S5 o= DY) (e dumbiia 30 55 aladinly
L electrostatic free energy 4SLall 3 jall 48l 0 it AUl g Ll
Ol AlBladl 30l ) ) g2

o=z MgCl, 5 CaCl, g iy Jluadi JS4 Na,SO, 5 NaCl aleiul &
sl b e Jakg Y

Fall 20

16



Jullas i Lalasil cl:...d\ e Alzall Jal 52l )ﬁ\ ¢« Polysorbate 80 ey e
i 5 ) 4y 9l
0 A ) i (5500 S e s el ol 3l (e Cisgl (355
Jal g2l NS JIGITEN cmhgd\‘é;ﬁjjg\(j);*ud\gj; J\ciﬂjyd\azj A S
Ay g gl o A adaiy ASE 2 ogaldl @l die <l e dllad)

A g

(e Uty Gdis ol ae bt ) phand) e Jladll Jalall Sy o AT den (e
Lo Lo (3 ol (s 0

Fall 2019

. I8
/, IRIRIRIBIRIRININI

~

{jfi?i“ L &e gc‘?Adsorbed POO0ES0000008000E
2 ( o gl\ﬂonomer Surfactant
5o 8% 8%
Wat Water

ater g P ;
ok e ' Native BRI Ry Qgﬁ* jg '.
" Dimer  Monomer T Gy e Oy UB

@ Dr. Aljamali_Biotech (b)

17



o) 5all 5 i b il a3l

L Type | glass Js¥) Jaaill (e 3 5 zla ) alasiin cany

P eadiud Al A Al Adallaal) salal) dapda ) oLV sy WS
) ol ot ) oS Al el L) gl s LAl (3Dl
slo Lealed S Gligs o) e i s B gyl Jilladd
J8Y

sl lhaa Culalaw aladin) (S

Fall 20

18



Cun 38 0 V) Lot Sl danas Gy (45 5) o (o Lol PEG alaiia oy o
die Alald s gyl (ama adali )l 5 elall da S dual sal T ka3 (4555 ) sl
A=s a5yl yn Aila )

A all & gual) mdae Ao (g gl abiasd¥ a3lS PEG aladiul (Say «dlld xa o
S ia) Aaddie b)) s sy 8 150K Caaaad el Ja S 4ial 2 of LS
palagind Y 15085 apaaill JMA (sl e allasind ) (630 Laa (Ll s
Badaef 5 6 0t g ) o (e Cilayall el

= =x WL 54 4) covalently Laled PEG lya Jayy oSa sl dga (0 o
el 30 ) Leaal (e clapha sae SlAly il Gy s ae (Pegylation
Glay 3l dgalall aie o 4lKN Adail) bl Ao g ) e sall bl
Le |3 Lgtile) Aoty Sl 5l




Increase in solubility

_________________________________ due to the PEG
A hydrophilicity
A 1 - — v
— Decreased
Increase in size s accessibility for
to reduce kidney proteolytic enzymes
filtration , and antibodies
Y
.......... _____ gy
PEG
| TR RN Tt f @ A 8.0 GUTINBEG S8 O
Fall 2019 Dr. Aljamali_Biotech 20




PEGylation

Covalent attachment of PEG to another molecule
SUCh as prOtEin' Interferon alfa is surrounded

by a PEG chain.
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PEGylated proteins in the market

Brand Name Drug name Parent Drug Indication Approval Year

Severe combined
Adagen® Pegadamase Adenosine deaminase  immunodeficiency 1990
disease (SCID)

Oncaspar® Pegaspargase Asparaginase Leukaemia 1994
PEG-INTRON® Peginterferon-a2b IFN-a2B Hepatitis C 2000
PEGASYS® Peginterferon-a2a IFN-a2A Hepatitis C 2001
Granulocyte-colony
Neulasta® Pegfilgrastim stimulating factor Neutropenia 2002
(GCSF)
Somavert® Pegvisomant Glewi Hor.mone Acromegaly 2003
antagonist
. : Age-rel I
Macugen® Pegaptanib Anti-VEGFc aptamer Ay m.acu ar 2004
degeneration
Mircera® Epoetin beta-methoxy Erythropoietin (EPO) Anemla asso'C|ate with 2007
polyethylene glycol Kidney disease
Cimzia® PEG-Certolizumab ARti-TNE Fab Rheumatczld f:\rthrltls 2008
pegol & Crohn’s disease

Fall 2019 Dr. Aljamali_Biotech 22
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CLOBAL PECYLATED PROTEIN THERAPEUTICS MARKET
e BY PRODUCT TYPE e

- 2017 - 2025

% & o & > o
& d & 3 o & ¢
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F? & FE L& ¥ *
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COLONY STIMULATING FACTOR segment holds a dominant position in 2017
and would continue to maintain the lead over the forecast period.
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CLOBAL PECYLATED PROTEIN THERAPEUTICS MARKET

e BY APPLICATION e

- 2017 - 2025

CANCER segment is projected as one of the most lucrative segments.

Fall 2019

Dr. Aljamali_Biotech

24



kDa
250

100

37

25
20

Fall 2019

Mono PEGyfation at N-Terminus  Mono PEGylation at Cystein

M R 10
T -
- T

20 10 20 40 Y40 60 M
oo -
S

- o
. ~—
s

Figure 3: SDS-PAGE of Final PEG-drug conjugates
M = Marker; R= unmodified protein; Numbers Indicate MW of

PEG in kDa
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SPECIAL TOPICS IN BIOPHARMACEUTICALS
STORAGE / LYOPHILIZATION
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Temperature and Pressure
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SPECIAL TOPICS IN BIOPHARMACEUTICALS
DELIVERY
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Proteolytic
cleavage can
inaciirate proteins
andior peptides

Small proteins and all

peptides are rapidly
filiered by the Jadneys
and lozt in the urine

Insolubility leads

to agFregation
and phlebibs

Initravenous
injections
produce very

high blood
levels initially

The immune
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clears foreign
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Protein administration

Parenteral

Amylase HCI Albumin
Plasma
5 S Proteases i
Mucosa Proteases Lipoproteins

Deglyosylation,
Adsorption
&
Denaturation

Denaturation Adsorption
& Proteolysis & Response
Degradation Clearance
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Parenteral Administration
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Oral (GI-MAPS"®)

OIMAPS™ in capsule
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Cycle 1

Cycl

e 2

2 Ea
o Denature, e.g., 95°C for 15 seconds

5 T T T T AT T
% 5

MWMWH

ik
o Anneal oligonucleotide primers, 2.g.,
55°C for 30 seconds

A T T T AT e T

- 3 HO WE'
Sr% OH 3 Primer

3*ummnuwym;uwu 5

<IEs
o Extension of primers with Tag polymerase,

e.g., 70°C for 1.5 minutes
5'mmmnn;{/ﬂﬂmﬂmmm3'
¥ [RETRERTRTREEEAAATE 13

S ATTTITITITITITITIT )
3WW/W )

1Ea

4‘ € Denature
‘

J

Ea

L,

Anneal oligonucleotide primers
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_ 3 HO ALLLLULULLLLULLLIPG
Shpmm oH 3 .
FITTTRTITRTRTRTNTE oy

g //

ey T /,/ E)

3 HO i LRS!
Primer Primer

ST OH 3

e T T TR T TRty I TT TR TR T TETETTTEITITISTeTeTentving. )

slEe ! i )
€) Extension of primers with Tag polymerase
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DNA gi”:"HHHHHHHHHH:””:HH}””:”HHH”HHHH:”””:”:””” g :>1rnolet.ule

2 molecules

3
4 mol

A

I
ecules

r

3 cycles—2 molecules

Repeat cycles 4 cycles—16 molecules

of Steps 1-3

5 cycles-32 molecules

l 10 cycles-1024 molacules

30 cyeles—1,073,741,766 molacules
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250 bp

A B
Mixture of — L SR
DNA mol- | f source 1 2 3 4
ecules of J !, @ Cathode Anode b 1
different \1 ‘. I "y o000ty
sizes v A 77 6000 bp
Y 3500 bp v
P \ 3000 bp >
2500 bp =
(1] Gel 2000 bp £
S,
1500 bp ?1;
a
1000 bp
— Power
e 1 =3 c
! 4 source e
@ O Wi
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Longer ¢ = %
molecules o 5’ I ST 7’
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W= LySECELLS AND

. PURIFY mRNA (|
tissue |

(e.g., brain) '
mRNA /

HYBRIDIZE WITH

POLY-T PRIMER

5' E
I s

3!‘
AAABLAARA

MAKE COMPLEMENTARY DNA TTTTTTT
COPY WITH REVERSE TRANSCRIPTASE 3 3
mRNA |
5 f 3
ARRRRRR
3, TTTTTTT
5|‘
CONA DEGRADE RNA
WITH RNAse H
5’ 3

SYNTHESIZE A SECOND cDNA STRAND

USING DNA POLYMERASE;

| RNA FRAGMENT ACTS AS PRIMER

5 3

AP GAPU AP AP

double-stranded cDNA copy of original mRNA
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rare HIV particle
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infected person blogd from
noninfected
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person = EXTRACT =
RNA TRANSCRIPTION GEL =
4 AND PCR ELECTROPHORESIS s,
AMPLIFICATION * * ;f-
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y = -3,5736x + 38,2
R* = 0,9999
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1 2 ] 1 5 -]

Log Copy Number

Threshold Cycle (Ct)

29 33

=== 10" copies 10° copies
107 copies 10° copies

—— 10° copies
we 10° cOpies

—— 10° copies
= 10 copies

1 copy
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Base Base

oYY s ANEREE
_O_IFT_O_IT_D_IIT_D_?HZ 0 ‘O—ﬂ’—o—ﬁ—(}—ﬁ—(}—(lng 0
0 0 0 ex Der 5 0 0 «x Der 5
Vi A F
O L Om—C -
AW | <
OH H H H e
1
3'-0H required No 3'-OH
for chain elongation therefore, chain terminates
Normal DNA precursor Chain-termination precursor
2'-deoxyribonucleoside triphosphate 2',3'-dideoxyribonucleoside triphosphate
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single-stranded DM A fragment
to be sequenced

l,+ ADD LABELED
DNA PRIMER
s [GEAT 3

3 CGTATACAGTCAGGTC &'

3" CGTATACAGTCAGGTC 5'

CaGCS ADD EXCESS AMOUNTS
A TGECT_ OF NORMAL dNTPs
ADD DNA POLYMERASE ARTTCAT
AND DIVIDE INTO 4 Ca CAgq
SEPARATE TUBES

/’7“

ADD SMALL AMOUNT OF ONE CHAIN-TERMINATING ddNTP TO EACH TUBE

S

GCAT A GCAT AT GEAT| ATGTC GCAT ATG
GCAT ATGTCA GOAT ATGT GCAT ATGTCAGTC [GCAT| ATGTCAG
GCAL ATGTCAGTCCA [GCAT ATGTCAGT MGCAT ATGTCAGTCC PGICAT ATGTCAGTCCAG

G RESULT
r—] A sequence of sequence read
C DMNA primer from gel
== C | |
—— T | I |
— _ G 5" GCATATGTCAGTCCAG 3'
[ — A
_— C 3" CGQTATACAGTCAGGTC &'
o — T | |
[— G |
- | T sequence of original DMA strand
| iy !
A T C G
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multiple copies
of genome

random
fragmentation

seguence one strand
of fragments

Y e
GTTCAGCATTG==~ | sequences
" of two
~--GCCATTAGTTCA fragments

original sequence
reconstructed based
on sequence overlap

—-—--GCCATTAGTTCAGCATTG—--
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Blotting System A4l 4a glis

3—4 inches of
paper towel

3-4 Whatman 3-4 Whatman
3 MM sheets 3 MM sheets
soaked in

transfer solution
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Nylon membrane

Agarose gel A . B
containing DNA ~T— - g hflfhlflogﬁeftzatman
soaked In

transfer solution

> d ’ / \\ to serve as wicks

Glass plate Transfer solution

oy dish (20 X SSC or 0.4 M NaOH)
or support

Glass baking dish
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Cell with DNA,
RNA, & Protein

Gel

Electro-

phoresis | l '

Probe
Mem-
brane:

Results:

(DNA

Southern Blot
(Restriction Enzyme)
&)  e— L [ 1o |

Agarose
0.5-50Kbp

Northern Blot
(Single stranded)

&:J:J

— -
——
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el

i

~y
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S

¥

Agarose
0.5-10Kb

Western Blot

(Deanatured polypeptides)

= (=)
2w

w— '000

e— M &

Acrylamide
10-120 Kd

Transfer separated samples to membrane

Single stranded
complementary

DNA or RNA to
specific sequence
(restriction fragment)

Single stranded
complementary
DNA or RNA to
specific sequence
(transcript)

Primary antibody

to specific polypeptide
Use Secondary antibody
to detect/amplify primary

Detect labeled probe on membrane

&DD

Sample contains specific
DNA restriction fragment

Can measure fragment size
and amount (single vs, repeated)

&ED

Sample contains specific
RNA transcript (e.g. mRNA)

Can measure fragment size
and amount (level of expression)

=N

Sample contains specific
Polypeptide

Can measure polypeptide size
and amount (level of expression)
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Fluoresence In Situ Hybridization
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probe DNA Denature =
/ / & Hybridize E
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Philadelphia Chromosome L8 sua

Chromosome 9 Philadelphia
Chromosome Chromosome 22
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DNA Microarray 4 sl Ul 48 siias

mRNA from
sample 1

g Pt
P g
Pl T ot

convert to cDNA,
labeled with red

fluorochrome

mRNA from
sample 2

convert to cDNA,

labeled with green

fluorochrome

}

WASH; SCAN FOR RED AND GREEN FLUORESCENT
SIGNALS AND COMBINE IMAGES

small region of microarray
representing 676 genes
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