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DNA : The Genetic Material

* After Mendel, scientists knew that some kind of genetic material was
located on chromosomes. They did not know which macromolecule
(DNA or protein) was the source of this genetic information

Fredrick Griffith— d'soowetog $wsfis 5 ks

pu— Y
- studied two strains o i
- a smooth strand (S) and a rough (R) strand

caused pneumonia did not cause pneumonia

- Injected mouse with S strand mouse dies
- Injected mouse with R strand mouse lives
- Injected mouse with heat killed S strand mouse lives
- Injected mouse w/ heat killed S and R strand mouse dies

** He concluded that the R strand was transformed into the S strand

What was the transferring substance???
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Oswald Ave;
- Identified the molecule that transformed the R strain into the S strain
& —_ ~
- Exposed R cells to DNA, protein, and liEids from heat killed S strain
- When the R cells were exposed to S strain DNA, they were transformed

- Avery concluded that when the S strain was heat killed the DNA was
released.......some of the R cells incorporated the S DNA

2 VWA is ¥anshoring
- Conclusions not accepted by biological community
- people still thought protein could be genetic material
Hershey and Chase

- published definitive factor that DNA was transforming factor

- Usel (a virus that attacks bacteria) in their experiment

made up of DNA and protein
must inject genetic material into another cell in order to reproduce

- Used Radioactive labeling to track the bacteriophage

group 1 32p = made DNA radioactive
group 2 33 = made protein radioactive

- Group 1 was looked at and the DNA was injected into bacteria
- Group 2 was looked at and the labeled protein was found outside bacteria

- Concluded that DNA was genetic material passed from generation to

generation
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DNA Structure

- After Hershey-Chase, scientists shifted their focus to the structure of DNA

—
- 2 types of nugleic acids include : DNA and RNA
Nucleotides ==y ‘u:ll'-, block of Dwa/RiA
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- subunits of nucleic acids ® 'L.w(
** DNA nucleotides are made of... @ Bese
1. the sugar deoxyribose
2. a phosphate group - M“
3. one of four nitrogenous bases M
Adenine (A) Guanine (G) Cytosine (C) Thymine (T)
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** RNA nucleotides are made of...
1. the sugar ribose _ $eagle shreesded
2. a phosphate group
3. one of four nitrogenous bases

Adenine (A) Guanine (G) Cytosine (C) * Uracil (U)
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Chargaff''s rule
- Erwing Chargaff noticed that the amount of guanine is nearly equal to

the amount of cytosine in DNA. He also noticed that the amount of
adenine was nearly equal to the amount of thymine
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Rosalind Franklin

- worked with x-ray diffraction and aimed x-rays at DNA
-h‘ir famous phot indicated that DNA was afdouble helix

a twisted ladder shape; two strands of
nucleotides twisted around each other

James Watson and Francis Crick

- used Chargaff's data and Franklin's data to build a model of the double

———ol DL LD
helix structure of DNA

- Their model included the following features

1. two outer strands consist of alternating deoxyribose &
phosphate

2. cytosine and guanine bases pair with one another

3. adenine and thymine bases pair with one another

- DNA was like a twisted ladder the rungs of the ladder were the base pairs

- a purine base (A &G) always binds with a pyrimidine base (C & T)
- these bases are held together with Hydrogen Bonds

- C=G and A=T S0 C+G=A+T

GUANINE ' \\

THYMINE
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Orientation of DNA Strands

- Carbon molecules can be numbered in organic molecules

s

4] a3

3,

- The rail on the left has the 5’ (read "5 prime") carbon on top and the
3' (3 prime) carbon on the bottom

- this strand is orienteg

- The rail on the right has the
bottom

bon on the top and the 5' carbon on the]

- this strand is oriented 3' to 5'
—_

** The strand on the left runs in the opposite direction of the strand on the|
right. This is known as Eparellel on'entationj
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DNA Replication
- DNA replicates and makes copies of itself
* Semiconservative replication *

- amethod of replication where parental strands of DNA separate, serve as
templates, and produce new DNA molecules

- Each new DNA molecule will have 1 parental DNA strand and 1 new
DNA strand
—

- Has 3 main stages
1. Unwinding 2. Base pairing 3. Joining
Semiconservative
Parent

Vi,

First
Generation

Second
Generation.

¢ ¥
3 ¢!
Unwinding

- The double helix DNA structure must be unwound or unzipped before
replication can take place

DNA Helicase

J - once the DNA is unwound, the hydrogen bonds between the
LPRT  bases are broken and we are left with individual strands of DNA

an enzyme that is responsible for unwinding DNA

RNA primase — an enzyme that adds a small segment of RNA on
each DNA strand

- this small segment of RNA is called an RNA primer
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Base Pairing

DNA polymerase enzyme that attaches to RNA primer and then

is responsible for the addition of new
nucleotides on the new DNA strands
- DNA polymerase adds new nucleotides to the chain by' adding them on to
1 work (] (Y f » sm— » ‘l
the 3 end of the DNA s 5 —=2
3’ —
- Each base binds to its complement A-T C-G

Leading strand - the strand of DNA that is elongated and built
continuously as the DNA is unwound

Lagging strand
- the strand of DNA that elongates away from the replication fork.

- It is synthesized discontinuously into small segments called
i .
Okazaki fragments ‘l 3’

- DNA polymerase attaches nucleotide

- fragments are later connected by an enzyme called DNA ligase
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Joining

- When DNA polymerase comes to an RNA primer it replaces the RNA
with DNA nucleotides. When the primer is removed, DNA ligase links
the DNA sections together

Prokaryotes vs Eukaryotes
DNA Replication

Eukaryotes

- DNA unwinds in multiple areas as DNA is replicated
- multiple areas of replication are taking place along large
- multiple replication origins look like bubbles in the DNA strand

Prokaryotes

~ circular DNA strand is opened at one origin of replication
- replication oceurs in 2 directions just like cukaryotes
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How does DNA code for synthesis of proteins???

The basic mechanism for reading and expressing genes is.

Cerdes] dogme

transcription translati
E DNA RNA————""—PROTEIN
** DNA codes for RNA, which guides synthesis of proteins

RNA

- anucleic acid that is similar to DNA but contains ribose sugar instead
of deoxyribose sugar

- Uracil replaces thymine as one of the bases in RNA AU‘ c
—
- RNA is single stranded (DNA is double stranded)
——
3 Major Types of RNA

* 1. Messenger RNA (mRNA)
- long strands of RNA nucleotides that are formed
complementary to one strand of DNA  paade Frem BNA

- mRNA travel from nucleus to rib’osome to direct synthesis of
" RLLict direct synthesis of
specific protein

2. Ribosomal RNA (rRNA)
- RNA that associates with proteins to form ribosomes in the
—
cytoplasm

3. Transfer RNA (tRNA)

- small segments of RNA nucleotides that transport amino acids
; o ——
to the ribsosome
—_——

Transcription  pua ~2 mAMA
- the synthesis of mRNA from DNA

- the DNA code is transferred to mRNA in the nucleus

Steps of Transcription Heliease

1. The DNA is unzipped in the nucleus

2. RNA polymerase binds to a section of the DNA where mRNA will be
produced

3. RNA polymerase moves along the DNA 3'to 5'

4. The DNA strand read by the RNA polymerase is called the temelate
trand
Stran

5. mRNA is synthesized complementary to the template strand

6. the new mRNA moves out of the nucleus and into the cytoplasm

DNA template strand I l l l l l I
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mRNA strand I I I I I I |

DNA template strand I l l l I I I
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mRNA strand I I I | | | I

Introns and Exons
- mRNA is shorter than DNA  ——
Introns ——sequences that are not included in the final MRNA
—_—

Exons —— coding sequences that remain in the final mRNA
C®

- the introns are removed from the mRNA before it leaves the nucleus

leaving only the exons
romoved frm ~RAVA

mRNAET e

ATTTGCAACGETTATG

DA

mimn U ARA ceuvGCGArVA C




CH_12_molecular_genetics_DNA_RNA _protein.notebook

The Code

- Scientists knew that there are 20 amino acids so they knew that the DNA
must provide at least 20 codes

- It was discovered that it took 3 DNA or RNA bases to code for 1 amino

acid
| epino acd © 3 bases]

CCodon =the -3 base code'in DNA or mRNA

- Each of the 3 bases in a DNA codon is transcribed into mRNA
- the mRNA is then used to identify the correct amino acid

Second base of codon
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Translation RWA — pootesn

- once the mRNA is processed it moves out of the nucleus and to the
ribosome

ke probes
Ribosomure

- Consist of a large ribosome unit and a small ribosome

Translation

. The large and small ribosome units come together and attach to mRNA

N

a tRNA with the anticodon and attached amino acid will move in and
bind to the mRNA at the P site of the ribosome

Ly o A
. Another tRNA attached to an algino acﬁ will move into the A site of the
ribosome. This will be the next amino acid in the chain 4

=@n
Once the amino acids are attached in the P site, the tRNA m(ﬁ&&)m~
Esite. This is where the tRNA leaves the ribosome

w
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3 Thte,immninues to move along the mRNA making a long chain
of amino acids until a stop codon reaches the A site in the ribosome

Asite
Esite
mbunn

alnulnq site ’““

v
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Next amino acid
ta be ndded to
polypeptide chain

Eukaryote Gene Regulation

- Gene regu is crucial during development of 1c organisms

- Cells go through a process ifferentiation where cells become

specialized to do a spe

ntrol this differentiation. They help determine tl
plan of an organism

HOX genes

Mutations
- A mutation is a permanent change that occurs in a cell's DNA

- Mutations can range from changes in a Wpair to deletions of
large pieces of chromosomes

AATGCCGAT

AATCCCBAT

When one base is exchanged for another. This is called a substitution
—

Point Mutations

Frameshift Mutations

When insertions or deletions cause a shift in the entire frame of an amino

acid séquence aems! AATGCCCCAT
vech. AATTGCCEAT
&ide AATGCCAT

- Sometimes point mutations will not lead to any type of change because
the code for different amino acids is redundant

EX. DNA code ------ ATA DNA code ---- ATG
RNA code ------ UAU RNA code ---- UAC
Amino Acid ---- Thr Amino Acid -- Thr
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Types of Mutations
1. Missense (substitution) - the code is changed and the wrong amino
— acid is produced

Normal code ** THE BIG FAT CAT ATE THE WET RAT
Missense code ** THE BIZ FAT CAT ATE THE WET RAT
1w

ogbs
&/ - Achondroplasia
7

2. Nonsense (substitution) - the code is changed to a stop codon and
SFTS=="" the protein is stopped from being made

Normal code ** THE BIGj HAT CAT ATE THE WET RAT Causes of Mutations
Nonsense code ** THE BI
- Muscular Dystrophy - Point Mutations can occur spontaneously when DNA is being replicated

Mutagens - ubstances that cause mutations
3. Deletion (causing frameshift) - a base issdeleted and this changes the Mutagens
multiples of 3 codons

- some chemicals and radiation can damage DNA

Normal code ** THE BIG FAT CAT ATE THE WET RAT :
Deletion ~ ** THB IGF ATC ATA TET HEW ETR AT - X-rays, gamma rays, Ultraviolet Rays

- Cystic Fibrosis

4. Insertion (causing frameshift) - a base isdnsested and this changes the
multiples of 3 codons

Normal code ** THE BIG FAT CAT ATE THE WET RAT
Insertion ** THE BI?ZFA TCA TAT ETH EWE TRA

- Crohn's disease

5. Expanding Mutations - tandem repeats of codons
Normal code ** THE BIG FAT CAT ATE THE WET RAT

Generation 1 ** THE BIG FAT CAT CAT CAT ATE THE WET RAT
Generation 2 ** THE BIG FAT CAT CAT CAT CAT CAT CAT ATE THE WET RA

- Huntington's disease
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