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Four common types of macromolecules are present in the cells- lipids,
carbohydrates, proteins, and nucleic acids. Proteins provide structure
and they help the cells to accomplish chemical reactions to produce
needed chemicals. Types of proteins include: channel Proteins, carrier
proteins, receptor proteins and enzymes. For example, Enzymes (types
of proteins) carry out so important chemical reactions, and the cell will
not live long if it cannot reliably create the proteins it needs for
survival.
sasaall (g5 clidipyll (e B ydle Al LAY saseie Cilpasiall pailiad alaea Ja
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Most of the characteristics of multicellular organisms are the direct result
of proteins. Nucleic acids contain the information needed to make
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proteins. The cell’s ability to make a particular protein comes from the
genetic information stored in the cell’s deoxyribonucleic acid or DNA.
DNA is a nucleic acid that contains the blueprint for making the proteins
the cell needs. DNA contains genes, which are specific messages about
how to construct a protein.

DNA Structure and Function DNA 2 4k 4ida g
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DNA is able to accomplish two very important things for an organism.
First, it is the chemical used to pass genetic information on to the next
generation of organisms. Second, DNA determines an organism’s
characteristics by controlling the synthesis of proteins. Because DNA
controls protein synthesis, DNA has a great deal of influence over cell’s

metabolism. The key to understanding how DNA accomplishes this task is
In its chemical structure.

DNA Structure DNA 4
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Figurel: Structures of DNA and RNA Nucleotides

DNA is one member of a group of molecules called nucleic acids.
Nucleic acids are large polymers made of many repeating units called
nucleotides. Each nucleotide is composed of a sugar molecule, a
phosphate group, and a nitrogenous base (figure 9.1). DNA nucleotides
contain one specific sugar, deoxyribose, and one of four different
nitrogenous bases: Adenine (A), guanine (G), cytosine (C), and thymine
().
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Figure 2: the four nitrogenous bases that occur in DNA

The DNA nucleotides can combine into a long linear DNA molecule that
can pair with another linear DNA molecule. The two paired strands of
DNA form a double helix, with the sugars and phosphates on the outside
and the nitrogenous bases in the inside of the helix. The nucleotides help
stabilize the helical structure by formic weak chemical interactions, called
hydrogen bonds. The formation of the double helix depends on the

nucleotides from each strand of DNA pairing in a particular way to form
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hydrogen bonds. Adenine pairs with thymine and guanine pairs with

cytosine.

Base of Pairing in DNA DNA ) cislii & ol s8Y) Gulud
Replication
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When a cell grows and divides, two new cells result. Both cells need
DNA to survive, so the DNA of the parent cell is copied. One copy is
provided to each new cell. The process of DNA replication relies on
DNA base pairing rules and many enzymes. The general process of DNA
replication is the same in most cells.
= Bl YL (Osolall 8 mlS) SlSla e cila 3l Tag Lexie DNA ielial lay -1
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DNA replication begins as enzymes, called helicases, bind to the DNA
and separate the two strands of DNA. This forms a replication bubble
(figure 3a and 3Db).
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As helicases separate the two DNA strands, another enzyme, DNA
polymerase incorporates DNA nucleotides into the new DNA strand.
Nucleotides enter each position according to base-pairing rules-
adenine (A) pairs with thymine (T), guanine (G) pairs with cytosine
(C) (figure 3c and d).

In prokaryotes cells, this process starts at only one place along the
cell’s DNA molecule. This place is called the origin of replication. In
eukaryotic cells, the replication process starts at the same time in
several different places along the DNA molecule. As the points of
DNA replication meet each other, they combine and a new strand of
DNA is formed (figure 9.3e). The result is two identical, double-
stranded DNA molecules.
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(c) DNA nucleotides

Figure 3: Replication of DNA DNA- & ja disbal :3Js4

The new strands of DNA form on each of the old DNA strands (figure
3e). In this way, the exposed nitrogenous bases of the original DNA serve
as the pattern on which the new DNA is formed. The completion of DNA
replication yields two double helices, which have identical nucleotide
sequences, because the DNA replication process is highly accurate. It has
been estimated that there is only one error made for every 2*10°
nucleotides. Because this error rate is small, DNA replication is
considered to be essentially error—free. A portion of the DNA polymerase
that carries out DNA replication also edits the newly created DNA
molecule for the correct base pairing. When an incorrect match is
detected, DNA polymerase removes the incorrect nucleotide and replaces
it. Newly made DNA molecules are eventually passed on to the daughter
cells.

The repair of genetic information 451 sl cila glaall gaauas
8
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Errors and damage do occasionally occur to the DNA helix. However, the
pairing arrangement of the nitrogenous bases allows damage on one
strand to be corrected by reading the remaining undamaged strand. For
example, if damage occurred to a strand that originally read AGC
(perhaps it changed to AAC), the correct information is still found on the
other strand that reads TCG. By using enzymes to read the undamaged
strand, the cell can rebuild the AGC strand with the pairing rule that A
pairs with T and G pairs with C.

The DNA codon DNA 5l
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DNA is important because it serves as a reliable way of storing genetic
information. The order of the nitrogenous bases in DNA is the genetic
information that codes for proteins. This is similar to how letters present
information in sentences. For the cell, the letters of its alphabet consist
only of the nitrogenous bases A, G, C, and T. The information needed to
code for one protein can be thousands of nucleotides long. The
nucleotides are read in sets of three. Each sequence of three nucleotides
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(gene) is a codeword for a single amino acid in the final protein. Proteins
are made of a series of amino acids corresponds to order of the
codewords in DNA.

RNA structure and function RNA ) i g 9 4l
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RNA is another type of nucleic acid important in protein production.
RNA’s nucleotides are different from DNA’s nucleotides. RNA’s
nucleotides contain a ribose sugar. Ribose and deoxyribose sugars differ
by the chemical group that is present on one of the carbons (see figure 1).
Ribose has an —OH group and deoxyribose has an-H group on the second
carbon.

(C) Gysidl ((G) oalsadl ((A) oY) ASsY peal) e RNA I ssing
S Adtiie DNA 3 5 RNA 31 45 31 pen) Ao sane G Laa (U) Sl sl 5
DNA 8 il e Yy dasl ) 53 RNA (5 532 Cus

RNA contains the nitrogenous bases uracil (U), guanine (G), cytosine
(C), and adenine (A). Note that the sets of nitrogenous bases in DNA and
RNA are also slightly different. RNA has uracil, whereas DNA has
thymine.

suaddl ga il 3l & DNA 2 g alide S5 DNAS RNA WAL Jaxius
A Ll s I a5l 8 RNA sl .l 5 jall ginal e glaall L)

Ol S Fdddee 43 il aclon Gf ki llia zuay Lalla
Cells use DNA and RNA differently. DNA is found in the cell’s nucleus
and is the original source for information to make proteins. RNA is made
in the nucleus and then moves into the cytoplasm of the cell. Once RNA

IS in the cytoplasm, it can directly help in the process of protein assembly.
10
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DNA directs protein synthesis by using RNA. The protein coding
information in RNA comes directly from DNA. RNA is made by
enzymes that read the protein-coding information in DNA. Like DNA
replication, RNA synthesis also follows base-pairing rules where the
RNA nucleotides pair with the DNA nucleotides: guanine and cytosine
still pair with the RNA synthesis but RNA contains uracil, not thymine,
so adenine in DNA pairs with uracil in RNA. The thymine in DNA still
pairs with adenine in RNA (table 1).

i «DNA oo RNA @S 5oy levie 5 AY) ) 5a¥) axss DNA e RNA QI iy
All) Caclizas DNA O5S G DNA oo 138 caling g RNA (e 2aly Loy yd Lot
o salll JSa

RNA differs from DNA in some other important ways. When RNA is
synthesized from DNA, it exists only as single strand. This is different
from DNA because DNA is typically double-stranded.

11
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Because the complexity of gene expression, it is worth stepping back to

summarize some key points:

13
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The process of gene expression converts information in the
genotype into phenotype.

A copy of the gene in the form of mRNA is produced by
transcription, and the mRNA is used to direct the synthesis of a
protein by translation. In the nucleus, three anti-codons of mMRNA
molecules are transcripted on genetic triplets codons.

MRNA is considered as message includes genetic information
which determine amino acids sequences in peptide chain which is
synthesized on ribosomes in cell cytoplasm.

Codes of this message are read by tRNA which carry catalyzed
amino acids where anticodons of tRNA meet codons of mRN. This
Is associated with combining amino acids in growing peptide chain
by peptide bonds. This known a translation process that provides
converting sequences of genetic codons to specific sequence of
amino acids which later express an inherited feature.

Both transcription and translation can be broken down into
initiation, an elongation cycle, and termination- processes that
produce their respective polymers (the same is true for DNA
replication).

The entire eukaryotic process is summarized in figure (4).

14
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Figure (4): Transcription and translation and protein synthesis
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CGU «CGC «CGA «CGG <AGA ‘AGG Arginine il
AUU AUC ‘AUA Isoleucine O sd s 39l
AUG Methionine O e
ACU ‘ACC ‘ACA <ACG Threonine O A

16

https://manara.edu.sy/




Z4

deola
ojlaJl
MRNA &Ugass gl & jaly el paaal)

AAU AAC Aspargine Ol
AAG (AAA Lysine Cr
GUG «GUA «GUC «GUU Valine Clld
GCG «GCA «GCC «GCU Alanine oY)
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The order of nucleotides in DNA encodes information to specify the
order of amino acids in polypeptides.

= A codon consists of 3 nucleotides. There are 4% =64 possible
codons.

= The code uses adjacent codons with no spaces.

= Three codons (UAA, UAG, UGA) signal “stop,” and they don’t
express amino acids; they are very impotant as they separate
different genes.

= One codon (AUG) signal “start”, and also encodes the methionine;

it is a start codon in transcription. This means that translation and

protein synthesis always begin in Methonine amino acid.

The 61 codons encode the 20 amino acids (Table 2).

Prokaryotic transcriptions sl <l fwd (3

Dlosad 5 RNA (e 2al g a5l o5l Gy el w
RNA @S5 el 0 o il gl
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= Prokaryotes have a single RNA polymerase that exists in two
forms; core polymerase and holoenzyme.
»= (Core polymerase can synthesize RNA. Holoenzyme, core plus ¢
factor, can initiate RNA at a promoter.
= A transcription unit begins with a promoter, contains one or more
genes, and RNA polymerase unwinds a short region of DNA at
promoters.
* Transcription of the mRNA chain grows in the 5’ to 3 direction.
= A transcription bubble contains RNA polymerase, DNA template,
and the growing mRNA transcript.
= In prokaryotes the mRNA is translated into a polypeptide.

Eukaryotic Transcription ¢l @liia sal Zwdl) (4

DAY (any 2 g9 81y 605 gl iy (gl Lgusdh g (g 5al) iliia 3 sl Jel&s &)
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goad (DNA Ly b 853 s sall il glSl) WS (385 Lgatamy e da il 45 55301 Laws3U)
IS Jliay s ol ge IS ey il cpati JS alal s cdanly g ol JS oLl
(5 JS3) 08 (s

g 50 SIRNA &asis | g sl 2l a0 RNA Sla il o 158 S35 (5 5l ciliia lles
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ARNA sty [

The transcription reaction in the eukaryotes is the same in prokaryotes,
but there some distinct differences.

18
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RNA molecules consist of single strands which are different in their
length, and they are transcripted on one or both trands of DNA by RNA
polymerase which are joined to DNA strand in certain points (figure 5),
and it directs free nucleotides in nucleic plasma to join with each other
according to nucleotide sequences which are present on DNA strand: A
with U, T with A, C with G, and G with C.

e Eukaryotes have three RNA polymerases: I- transcribes rRNA;
Il transcribes MRNA and some snRNAs; 11 transcribes tRNA.

DNA 11 by e MRNA 1 ki fes

5 : 3
DNA TCCAATGGCTTATTTGC A
AGGTTACCGAATAAACGT
3 5
TCCAATGGCTTATTTGTCA
AGGAAUGGCUU > sl oladl ¢
TTACCGAATAAACG/_
MRBNA
5 ¥
MRNA™ C AAUGGCUUAUUUGC A
mRNA RNA polymerase

5 3
/] [N /| //“_— @ V4l Va4

/
MRNA dl fed —» 3 T

DNA _Elgli..d..uh%l sde) DNA 3 ilede, bl ) &

DNA 3 (sl s2a) de MRNAJ) fass 48y sl grida sy Jashads (5) Js)

Eukaryotic pre-mRNA splicing sl <bida b A8 -mRNA by (5
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At DNA

5'UTR Exon 1 Intron 1 Exon 2 Intron 2 Exon 3 3 UTR
5 —] GT AG cT AG — 3
A mMRNA 3 &4 RNA
cuU AG cuU AG
MRNAJ zai C) | | |'AAA.Poly (A)

mRNA

Figure7: Sequences of Exons and Introns in DNA Uiy i) g <l gus) A5 27 J2&

One of the most significant differences between prokaryotic and
eukaryotic cells is that eukaryotic cells can make more than one type of
protein from a single-coding region. Eukaryotic cells are able to do this
because the protein coding regions of eukaryotic genes are organized
differently than the genes found in prokaryotic (bacterial) cells. Exons:
exon is a coding region in most eukaryotic genes. Introns: intron is
segment of a DNA or RNA molecule that does not code for proteins and
interrupts the sequence of genes) (figure 6).

e After completing synthesis of pre- mRNA molecules, and
removing introns, and joining extrons with each other, the mature
mRNAs are formed (figure 7). These mature molecules leave
nucleus to cytoplasm to locate on ribosomes to form with
ribosomes what call multiple particles.

e During splicing of mature mRNA, the 5’ end of the intron is cut
and becomes bound to the branch site, and the 3’ end of the first
exon is joined to the 5’endof the next exon to create a shorter
version of the mRNA. This version that is used during translation
to produce a protein

e During protein synthesis, the information carried on mRNA strand
in the cytoplasm is translated into certain sequence of amino acids.
Each codon participates in placing one amino acid in peptide chain.
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e MRNA plays a key role in protein synthesis by transferring genetic
information responsible to protein synthesis from nucleus to
cytoplasm.

e One gene can produce different proteins by joining exons and
deleting others (fig. 7).

The structure of tRNA and Ribosomes 4z 4 claswall s tRNA 4 (6
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Figure 9: sub-units of Ribosome 4 Lasual) Fas g ciali 19 J&

Although the ribosome is a key organelle in translation, requires the
participation of mMRNA, tRNA, and other factors.
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e The charging reaction attaches the carboxyle terminus of amino
acid to the 3” end of the correct tRNA ( 8).
e This is catalyzed by enzymes called aminoacyl-tRNA synthetases.
e The anticodon loop of tRNAs can base-pair to codons in mRNA.
e The ribosome consists of two subunits: large and small.
The small subunit binds to MRNA and is involved in decoding, while the
large subunit contains the enzyme peptidyl transferase.

The ribosome has three tRN A-binding sites (figure 9).

v" The A (acceptor site) binds to tRNA carrying the next amino
acid to be added.

v The P (peptidyle site) binds to tRNA attached to the growing
peptide chain.

v' The E (exit site) binds to tRNA that carried the previous
amino acid.

The process of translation 4es il 43le (7
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Protein synthesis is complex and energetically expensive.

e In prokaryotes the initiation complex forms with the small
ribosomal subunit, MRNA, and a special initiator tRNA.
e Peptide bonds form between the amino end of the new amino acid
and carboxyl end of the growing chain (7).
e Protein synthesis involves a cycle of events (7).
v" New charged tRNAs are brought to ribosomes by EF-Tu (
elongation factor thermo unstable.)
v A peptide bond forms between new amino acid and growing
chain.
v" The ribosome moves relative to mRNA and bound tRNAs.
e One tRNA can bind multiple codons.
e Stop condons are recognized by termination factors.

Mutation: Altered Genes 3_gaall <l ) gall 25 gl (8
Jie caling g ) sall 8 3 3l DNAD Clag sl i 3 aila j0ad ga &) gall o 55
o3 gl 5 O Clas spaall (8 clapail) GBS A ol de gl s
Jarind Of (Sary i) g 830 Gauali Al asall (e 3l Dadadll s g DNA s
) sall Al g agdl s gal)

Aal g Gebad e Adadil) il il Jois e

L g3l el )l el ol Aty ALY il o8l S e

ool Cada ff ddla) L 3 e i Jadii @

A0y 5 Lial yal (DN ) Sl 2o il g s Of Sy @

skl o) A a5 gl Ay gl Cla o35 5 o
A gene mutation is a permanent alteration in the DNA sequence that
makes up a gene, such that the sequence differs from what is found in
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most people. Mutations range in size; they can affect anywhere from a
single DNA building block (base pair) to a large segment of a
chromosome that includes multiple genes. Mutations can be used to

understand the function of genes.

= Point mutations involve the alteration of a single base.

= Nonsense mutations convert codons into stop codons.

» Frameshift mutations involve the addition or deletion of base.
= Triblet-repeat expansion mutations can cause genetic disease.
» Chromosomal mutations alter the structure of chromosomes.

= Mutations are the starting point of evolution.
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