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= The bridge between DNA and protein synthesis

is RNA. Cytosine -]
RNAis chemically similar to DNA, except that it ~Nucleobases b
contains ribose as its sugar and substitutes the [J:L
nitrogenous base uracil for thymine. i
Guanine .

= |tis single-stranded rather than a double helix.

= To get from DNA, written in one chemical
language., to protein, written in another, requires

z;ixm,

two major stages, transcription and translation. pare - R Adwrine
= The process from DNA to RNA is known g‘/{:} =
as Transcription. During transcription, a DNA strand i (“ s
provides a template for the synthesis of a Uracil @ Thymlhe B
complementary RNA strand. Transcription of a 4 g X i 1
, gene produces a messenger RNA (mRNA) [Nj‘:o ; helix of t‘g
mOleCUle N sugar-phosphates N o
ucleol ases \
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snoRNA

Encodes Protein Act as a adaptor ‘.mn' t
between mRNA : 3 F g cl,emicnl
and amino acid i n»dflf;c':::) %
0
- miRNA SiRNA [ncRNA
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Regulates

Function in various Regulates
expression
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molecule
DN 2
« During translation, the information ((’ P Gﬁ 7
~ contained in mRNA is used to determine Gene 1 (owep
 the amino acid sequence of a -\@S) Gene 3

holypeptide. Translation occurs af

Tribosomes. g
Jlike DNA, which stores genefic i) 3”

information, RNA helps read and execute
& that information!

. mRNA vaccines (€.g. Pfizer ant
COVID-19 vaccines) i

]

Ala Abuhammad, PhD




, . or-BioNTech and

®= MRNA Vaccines: The development of mRNA-based vaccines, like the .Pﬂze\:vglri by delivering
Modema COVID-19 vaccines, has revolutionized the field. These vaccines immune response-

MRNA instructions to cells, which then produce viral proteins thot frigger an ffectiveness.
This approach has shown immense pro mise in terms of speed, safety. ond e texts, such @5
RNA Therapeutics: Beyond vac e used in other therapeuric C?gfeins in
freating diseases by providing th issing or geiechivep
- conditions like enzyme deficiencie -

Oct-24 20

Large subunit

= The ribosome is made up bos
60% rRNA. Ribosomal DNA franscri

then attaches to the ribosomal pr

and large ribosomal subunits

melc'm "‘””/ Lo
RNA / ¢o

- Dr Ala Abuhammad, PhD
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= Transfer RNA (fRNA): The ‘adapter' molecules that

deliver specific amino acids to ri i
_ > s to ribosom
protein synthesis. i

= {RNA molecu!e§ have an anticodon that pairs with
- the comresponding codon on the mRNA, ensuring
that t_he correct amino acid is added to the growing
peptide chain. ot tREA <)
’ »
\

i A § tRNA
: Specificity of Aminoacyl-tRNA Synthetase: \ AL /
- Each amino acid has a specific enzym called ‘“l“'”r'“l“h

‘é‘favg ¢

i

;~; b

aminoacyl- etase, which AW
yl-iRNA synthetase, which € VU A a a6 A Uy CCAAA UGG o
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incoming tRNA
bound to amino acid
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~ correct fRNA is loaded with the corre messenger RNA
ynthesis
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% Micro RNA (miRNA): Tiny RNAs that regulate gene expression by silencing specific MRNA molecules.
k2! n :
5 arily function by binding to specific messenger RNAs (mRNAs), which are the templates

5}‘7". miRNAS prim

‘ for protein production.
Voo They either block the franslation of these mRNAs or degrade them, reducing the amount of protein
)‘,5 \): produced. This ensures precise control over protein levelsin cells.
! « miRNAs play crucial roles in gene regulation, making them potential targets for gene therapy., |
~__A~ cancer treatment, and diagnostic markers. :

« Therapeutics: miRNA-based drugs can be designed fo either mimic or inhibit specific MIRNAS,
offering new treatments for diseases like cancer, cardiovascular disorders, and viral infections. % A
M XA

= This production process makes miRNAs valuable both in biotechnology and pharmaceutical o
research for conirolling gene expression in disease contexis . NS ; @
o O~ ¢
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a mRNA

» Smallinterfering RNA (siRNA): %W% g w
dlence gene expression by dégrading comple \ : ‘-
RNA Torges o uising
t typically binds 3,A-|u'-u‘u‘wu

= mIRNA is less specific compared 10 SIRNA. [ ; <IANA
to multiple mRNAs, usually with imperfect complementanfy,

i i i tion or
and regulates their expression by blocking tronslo A
promoﬁng mRNA degradation. Because miRNA can target b mANA partially complementary

| e ' UTR
many genes at once, its effect can be more subtle an : w
wlde);p?read, regulating various biological processes rather A A

than focusing on a single farget. 2
« siRNA is more effective when the goal is precise and potent l——Js o

gene silencing for a specific gene. > . @700
« miRNA is more effective when the goalis to modulate complex

gene networks and physiological processes, fhough its action s

less specific and may affect multiple genes simultaneously. - S‘ R /\/ A —
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do5& Long non-coding RNA (INcRNA): Long RNAs with regulatory functions that can influence gene
expression in various ways.
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= Regulates gene _expression at various levels, including chromatin modification, franscription,

and post—trcnscgphoncl processing. j“.‘ de S dj\“’:'“ < :
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N IncRNAs can act as scaffolds, guides; or deeoys'for proteins involved in gene regul?ion'

= IncRNAs are versatile regulators of gene expression (i.ea.‘m:?ggeuloﬁgn cﬁa\ e e '\rq"“

\'ej“‘“@ down3esx3regulation), modulatin ipti ici i
! ; : g tfranscription, RNA splicing, and translat i
Yunct % the needs of the cell P s
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Composed of rib
osom
proteins alRNA (IRNA) and

Ribosomes franslate mRNA info proteins
~———1€ MRNA info proteins.

Protein Factories - Use the instructions from
the nucleus to synthesize proteins

In biotef:hnology. they are essential for
Producing therapeutic proteins (e.g., https://www.youtube.com/wotch?v=C4QiMqBSDe4
Insulin, monoclonal antibodies).

Dr Ala Abuhammad, PhD
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Proteins synthesized by ribosomes are critical for every cellular
function, including enzymes, structural

proteins, and signaling
molecules i

Key for the production of recombinant proteins in biotechnology.

Ribosomes in bacterial cells synthesize human insulin using
genetically engineered mRNA.

= Protein-based Diagnostic Kits

= Ribosomes play a role in producing diagnostic proteins.

= Example: Enzyme-linked immunosorbent assay (ELISA) kits use ribosome-

produced antibodies or antigens to detect specific diseases (e.g., HIV)
Dr Ala Abuhammad, PhD
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RQTECTIYE BARRIER AND GATEWAY

p (A0S en
; 3 ulput ~acress idi M eelective barrier betwe 3
The cell membrane is a phospholipid bilayer 1hofJ surrcﬁmgs the cell, providing

the inside of the cell and its environment. (s ?rc-#edﬂ've “J e d out of the cell.
x inan
* Contains proteins, lipids, and carbohydrates that control the passage of substances in

hile keeping
* Selective Permeability: Allows essential nutrients, ions, and molecules fo enter the cell w
harmful substances out.

¢ tors (GPCRs).
=  Membrane Proteins: Key targets for many pharmaceuticals, such as G-protein coupled recep

which are involved in a variety of disease pathways.

* Lliposomal Drug Delivery: Drugs like AmBisome (liposomal amphotericin B) are ent.:CJDSUI‘Jf
that merge with the cell membrane to deliver antifungal medication more effectively.

* mMRNA Vaccines: Lipid nanoparticles profect and deliver mRNA info cells, where it crosses the ¢
membrane to instruct ribosomes to make proteins that tn'ggier an immune response (e.g., Pfizer-
)

~2 & Qnd Modema COVID-19 vaccines). L AP PO Crirs el <
P~ Csp A nlal) 550 ot L2 < folvin -Rm’%L_,W\\“
= Targeted Car;l::%!rbﬁﬁe\g py: Monoc\éé‘ol/) ntibodl‘és 1|h bin5 rso speciffc proteins on ihejcell membrane can
be used to deliver chemotherapy direcTly To cancer cells (i.e. Trastuzumab binds to the HER2 receptors)

Dr Ala Abuhammad, PhD . uﬂ 0 V( o\t’_'w\ e Oct-24 29
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ed in liposomes

ell
BioNTech

THE CELL MEMBRANE -~

KEY POINTS TO CONSIDER

= Many drugs, especially biologics like antibodies and nucleic acids, use receptor-mediated endocytosis to
enter cells. Understanding specific receplors can enhance targeting strafeges.

= Lliposomes and nanoparticles can be engineered to target specific cells by attaching ligands that bind to
receptors on the cell membrane, improving therapeutic efficacy and reducing side effects.

= Lipid-based delivery systems can fuse with the cell membrane, allowing direct release of therapeutic
agents into the cytoplasm (e.g., mRNA vaccines).

Dr Ala Abuhammad, PhD Oct-24 30



The Interaction ”‘mm‘.ty
between RNA- : ‘

based lip ‘ T ~
osomes ¢ o <N 22} A ~
gt s uézv" o) 5 2 d} i3 %I MRNA Vaccines: Lipid
Pl le“ d[ eive 9 2 Rf'\lA-based liposomes can fuse m!nopartlcles Ncines ierge
i Embitsne Fuh with the cell membrane, with the cell membrane to
deliver mRNA for protein

fUndOmentol to allowing the release of their
RNA payload into the cytoplasm.expression (e.g., Pfizer-

their therapeutic
BioNTech and Moderna COVID-

fficacy.
19 vaccines).
Cells can uptake liposomes via ~ Patisiran: Liposomal delivery of

: endo i i i
)) 4 ph b cyto;ns, a process where  siRNA silences the TTR gene
! membrane engulfs the through endosomal uptake for
; liposome, allowing entry of RNA treating hereditary
transthyretin amyloidosis.

/ uﬁ/o o into the cell.
()p/';)) Liposomes can be designed with Cancer Therapies: Liposomes
-

o s.urface modifications (e.g., engineered to target specific
ligands) that recognize specific  cancer cell receptors (e.g.,
 receptors on the target cell trastuzumab-conjugated
: membrane, enhancing sel '
S delivery.

Targeting Specific Cells

3

Dr Ala Abuhammad, PhD

The lipid bilayer of liposomes protects the RNA from Liposomal siRNA: Protects siRNA from degradation,
degradation by nucleases in the bloodstream, allowing successful delivery into target cells (e.g.,
liposomal formulations for hepatitis B treatment).

Stability and Protection
enhancing stability until reaching the target cell.
; Ur;ld ers't:;:ni ;?jsf::ig::’i;?z::;;‘;g::" ortiE Designing Liposomes: Tailoring lipid composition to
> cell mel n £ 2 2
Cell Membrane amics 3 improve fusion and endocytosis rates based on
Dyn formulatlc.ms to enhance cellular uptake and target cell membrane characteristics.
therapeutic efficacy.

Monoclonal Antibodies: Liposomal formulations
can enhance the delivery of antibody therapies

(e.g., liposomal doxorubicin).

Enzyme Replacement Therapies: Liposomes can

y The role of liposomes extends to various : - :
oo 3 i i i i i i 3 late enzymes to target specific tissues (e.g.,
Different Types of Bi . biopharmaceuticals, including proteins, antibodies, encapsu :
; ypes of Biopharmaceuticals and nucleic acids, improving their delivery and liposomal glucocerebrosidase for Gaucher disease).
efficacy. i
Gene Therapies: RNA-based liposomes delivering

genes or gene-editing tools like CRISPR/Cas9 to
target cells (e.g., liposomal delivery of CRISPR
components for genetic disorders).




« The energy powerhouse of the cell.

i is and cell functioning.
tein synthes

« Provide energy for processes like pro
metimes targeted fort

» In biotechnology. mitochondrial functions are so

energy-dependent biotechnological processes. : .
. s like mitochondrial-penefratmg pepfides can be

» Mitochondrial-Targeted Drugs: Compound . : o diated apoptosis,
designed to speci%colly enter cancerous cells and induce mitochondrial-mé
2 enhancing the efficacy of cancer 1reotme ts i o
S R
DI Awine g cldls :
= Disease Bion:arkers: Mitochondrial health serves as a dia

medicine approach in many therapeutic areas. :

\ .
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herapies or used in

gnostic tool and offers a personalized
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- CRISPR-Cas9 gene editing for
. A 4 Target for gene therapiesand  genetic disorders (e.g., cystic fibrosis)
Nucleus Contains genetic material (DNA) genetic modifications - Gene therapy for hemophilia (AAV-

based gene delivery)
- Mitochondrial ELISA kits for

~ Mitochondrial-targeted el
3 2 3 measuring oxidative stress markers

Mitochondria Energy production (ATP) i therapief, role in energy BT hordrial sens therapy fot
e ,metabollsm mitochondrial diseases
Syl j - Recombinant insulin production in
~ Essential for recombinant E. coli
Protein synthesis i protein production (e.g., - Human growth hormone (HGH)
~therapeutic proteins) produced via recombinant DNA
technology

- Monoclonal antibody production

Site for post-translational
P (e.g., Rituximab for cancer)

,Endo!)lasmlc Reticulum (ER)  Protein folding and modification n?odlﬁcatlons |r? ) - Production TAGHiGE CetoeIoR
¢ biopharmaceutical production . ophilia treatment
el < SRER Involved in packaging proteins - Siycosylation of Erythropoietin
Golgi Apparatus = e for secretion, essential for (EPO) for anemia freatment
P2 packaging Y A ¢ - Production of glycoproteins for use

biopharma in vaccines
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Waste breakdown and recycling E?::::::;ly”” :
erapies
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Tar,

sigr::tlii: ::ﬁ\::;i: synd cell - Monoclonal antibod targetln{
surface receptors (e.g., Herceptin:

: for HER2 breast cancer)
AR, - Exosome-based drug delivery
Transport of materials wnthm cells pelvecyot blopharmaceutncals % systems
therapeutic molecules e Nanopamcles for targeted drug
4 ; li cancer therapy

Used in gene expression col 0
therapeutic RNA molecules, 5
mRNA vaccines ;

Various roles in protein synthesis
lation
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The Hashsmite University

MOLECULAR BIOLOGY

DNA REPLICATION AND'

REPAIR

Dr Ala AbuHammad, PhD
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. Describe the mechanism of DNA replication.
.. Identify the key enzymes involved in the replication process,

23 Explain'the
S ‘ lagging stra

- Explain how defects in DNA repair pathways can lead to mutations
and contribute to diseases fike cancer. .

Identify how DNA replication and repair mechanisms can serve as
1S apeutic drugs, such as anticancer agents

Deoxyribonucleic Acid (DNA) S @Ww@)

The Heshemite University

= Nucleic acids are the biomolecules responsible for the transmission of gene information in cells. There

are two types of nucleic acids: deoxyribonucleic acid (DNA) and ribonucleic acid (RNA)
p id (I L IONUCIEICacldi(RINA)

= Definition of DNA: The molecule that carries genetic instructions
for the development, functioning, and reproduction of all living A
organisms. _Wm/
"By the same author in 1970.

lTransla(ion
(S ls) —lpa dooCeh, pya oo « &
DV Qe § DB 228 G roen £,
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Nucleus

= Central Dogma: Flow of genetic information from DNA to RNA
to protein. It was postulated by Francis Crick and revised
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The Hashemita University

= Deoxyri icadi
q Xyribonucleic acid (DNA) forms an unbranched polymer composed of monomers, called

eoxyribonucleotideg, connected by phosphodiester linkages.

* Deoxyribonucleotides (dNTPs) are composed of: '
& Phosphate group (H3PO4).
@ Deo>/<_y_r}bose (C5H1004): is a pentose derived from ribose.

@We: these are heterocyclic and aromatic compounds with two or more nitrogen atoms
and classified into two groups: purine and pyrimidine bases. The purine bases, derived from purine, are
composed of two rings joined together: Adenine (A) and Guanine (G). Pyrimidine bases, derived from
pyrimidine and consisting of a single ring, are Thymine (T) and Cytosine (C).

Dr Ala Abuhammad, PhD / Oct-24 8
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H O Adenine (left) and guanine (right)
Phosphate group

O .OH

HO

Deoxyribose
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* The primary structure of DNA consists of the sequence of
deoxyribonucleotides. Since the first deoxyribonucleotide has a free 5

carbon and the next deoxyribonucleotide has a free 3’ carbon, the
sequence of nucleotides is ordered from 5’ to 3’ (5’ = 3".

R T 5'ATGACGTGGGGA3'3;ﬁMUM

Qf&&§:TACTGCACCCCLi;afﬁgsf

N
(Y C\eo\'\‘bn the other hand, the number of base pairs (bp) that make the DNA

-~ \\ o Sequence is used to indicate the size of the DNA DT V&
5 \\w‘. ‘}"““g i ————— 2 %@ OH
Z’\?al_jme(s ) fwe  chang U5 ")k’“." PNA Luae € [#End] [S'Endg

e Ul < 2 U]
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