ojlaJl

Ghial) Gala 4ls

Z\.GUASUZ\,,\SSJ\QDJJL

daalilf g Al o4l puaalaall

9t maill g A5 ) gl) Balall L Sad) (bl

Molecular Basis of Hereditary and Gene Expression

Jm‘#.d

I
https://manara.edu.sy/




WA

oyl_aJl
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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.
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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 proteins. The

cell’s ability to make a particular protein comes from the genetic information
2
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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 4y 4dds 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 i
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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 (T).
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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
5
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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 hydrogen bonds. Adenine pairs with

thymine and guanine pairs with cytosine.

Base of Pairing in DNA Replication DNA i diebai & &l 8y (bl
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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.
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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 3b).

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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Figure 3: Replication of DNA DNAS s ja dislai ;38

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
8
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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 41,5l <a sleall ziauas
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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.

RNA structure and function RNA ) 4d8 55 4y
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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.

(U) dawl sl 5 ¢(C) crosivnd) ((G) ol sl ¢(A) ) &5 Gansd) e RNA I s sis
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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.

el saadll sas Al 35 & DNA s calise JS5 DNAS RNA WA Jasia
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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.
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Table 1: Couples of Nitrogen Bases in DNA & RNA 455 55%) aa) 01380 Gund 11 S8
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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).

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.

Gene expression ¢l us swedli(] ]

Summarizing of gene expression (Ausall sadll gadli (1
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Because the complexity of gene expression, it is worth stepping back to

summarize some key points:

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

e 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.

e MRNA is considered as message includes genetic information which
determine amino acids sequences in peptide chain which is synthesized

on ribosomes in cell cytoplasm.

13
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e 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.

e 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).

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

14

I
https://manara.edu.sy/




iz

ojli_aJ |

NANARA UNNERZITY

s gl e g A il g el Uil 14 JSA)

Figure (4): Transcription and translation and protein synthesis
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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 important 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).
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GCG «GCA «GCC «GCU Alanine Y

GAC «GAU

Aspartic acid it (e

GAG «GAA

Glutamic acid U sl& aes

GGG «GGA «GGC «GGU
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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.
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 @bida gl Zudl) (4
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The transcription reaction in the eukaryotes is the same in prokaryotes, but there

some distinct differences.

RNA molecules consist of single strands which are different in their length, and
they are transcripted on one or both strands 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.

o Eukaryotes have three RNA polymerases: |- transcribes rRNA; I

transcribes MRNA and some snRNASs; 111 transcribes tRNA.

DNA 1) by, s MRNA ) by pa s

-

5 3
DNA TCCAATGGCTTATTTGCA
AGGTTACCGAATAAACGT
3 5
TCCAATGGCTTATTTGCA
A0 ALAUGGCUU wrelil) gt
TTACCGAATAAACG/_
MRNA
5 ¥
MRNA

UCCAAUGGCUUAUUUGTCA
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PR DNA
5'UTR Exon 1 Intron 1 Exon 2 Intron 2 Exon 3 J'UTR
5 —] GT AG GT AG — 3
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MRNAJ gai C) T | : I AAA...Poly (A)
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Figure7: make more than one type Sequences of Exons and <y i) g <l gush) A5 17 JS&

Introns in between DNA

One of the most significant differences prokaryotic and eukaryotic cells is that

eukaryotic cells can of protein from a single-coding region. Eukaryotic cells are

21
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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).

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.
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
mMRNA. This version that is used during translation to produce a protein
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.

mMRNA plays a key role in protein synthesis by transferring genetic
information responsible to protein synthesis from nucleus to cytoplasm.
One gene can produce different proteins by joining exons and deleting
others (fig. 7).

The structure of tRNA and Ribosomes 4 cilaswall g tRNA 4is (6

5 MRNA A8 i iy s¢d caa il (3 bl dme 5o )l asnd) G (0 02 e
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Figure 9: sub-units of Ribosome 4wl dasal) faa g cial 19 Js&

Although the ribosome is a key organelle in translation, requires the
participation of mMRNA, tRNA, and other factors.

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 mMRNA.
e The ribosome consists of two subunits: large and small.

- The small subunit binds to mMRNA and is involved in decoding,
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- 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.
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Protein synthesis is complex and energetically expensive.
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e In prokaryotes the initiation complex forms with the small ribosomal

subunit, mMRNA, 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.
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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 most people.
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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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