University of Anbar
college of Science
Department of Biotechnology

Dr. Huda Musleh Mahmood

Biotechnology 1




Decture 2
The Molecular Basis of
Inherltance .




lecture...

ucture of DNA and chromatin
atson and Crick’s experiment
DNA replication
— Initiation
Elongation
Termination

stakes in replication




\

1s the genetic ma

5 end

o
\_o
P

(a) Key features of (b) Partial chemical structure (c) Space-filling
DNA structure model

© 2011 Pearson Educstion, Inc




A ReviewStructure c

ntiparallel — 5’ to 3’ pairs with 3’ to 5°
hargaff’s rule — A pairs with T, C with G
Each base held together with hydrogen bonc

Backbone held together with phosphodieste:
bonds




3’ end
Figure 2-28 Molecular Biology of the Cell 5/e (© Garland Science 2008)




Source Adenine Guanine Cytosine  Thymine

E. coli 24.7% 26.0% 25.7% 23.6%
Wheat 28.1 2}.8 22.7T 27.4
Sea urchin 32:8 17.7 17.3 32.1
Salmon 29.7 20.8 20.4 29.1
Human 30.4 19.6 19.9 30.1
Ox 29.0 2.2 21.2 28.7
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(700 nm)
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bottom view

© histoneH2A () histone H2B () histone H3 @@ histone H4

Figure 4-24 Molecular Biology of the Cell 5/e (© Garland Science 2008)




/atson, Crick, and FranKli

ames Watson and Francis Crick are most widely crec
vith discovering the double-helix structure of DNA in

They based their structure off of a picture obtained
through X-ray crystallography
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ysalind Franklin was left out of the publication and
lobel Prize

owever, she may have actually been the one to discove
the structure

— Without her picture, Watson and Crick would
certainly not have been famous

— Watson long and viciously
denigrated her work
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lication € DNA == RNA == protein

Transcription
Translatio




plication takes place during S phase
does it happen on the molecular level? -

Chromosome Terminology

M
(mitosis)

Sister chromatid

e

. EUKARYOTIC
CELL CYCLE

A Ak
- Gepes —W
k"
/ v
Centromere

(DNA synthesis) division

Unduplicated Duplicated




Parent First Second
cell replication replication

(a) Conservative

(b) Semiconservative

(c) Dispersive model
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arview

A 1s “unzipped” and base pairs are
atched to create two new daughter
rands

H E 3

(a) Parent molecule (b) Separation of (c) “Daughter” DNA molecules,
strands each consisting of one
parental strand and one
new strand




New strand

Sugar

Phosphate

Y,
Nucleoside
triphosphate
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Clock’s Ticking...

\verage human chromosome contains 1
106 base pairs

Copied at 50 base pairs a second

— This would normally take over a month to
replicate the entire genome!

— Instead, there are multiple origins of
replication, which means it actually takes
about an hour




ation begins at particular sites called origi
ication, where the two DNA strands are sepa
ening up a replication “bubble”
eukaryotic chromosome may have hundreds or ever
ousands of origins of replication

Replication proceeds in both directions from each orig
ntil the entire molecule is copied

/ Origing of TT”CB_HQH\‘_'

Replication bubtles *




D -100,000 ori in a single eukaryotic

ally only 1 ori in prokaryotic cells

1 sequences are A-T rich




(a) Origin of replication in an E. coli cell (b) Origins of replication in a eukaryotic cell

Origin o Double-stranded
replication Parental (template) strand Origin of rleplication / DNA molecule
Daughter (new) -
strand
Parental (template) Daughter (new)
Replication stranc strand
Doub fork :
stranded \ — i 1
DNA molecule Replication T |
bubble — e
Bubble 1 Replication fork
Two daughter j
DNA molecules -~
: : -

0.5 um
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)rocess in eukaryote

e stages:

ation: Unzipping of the double stranded
ent DNA

ongation: Complementary base pairing to create
ughter strands

ermination: Fixing gaps and separating the two
A strands

er, there are a couple considerations first.




Enzyme
Se

polymerase

\ primase

\ ligase

stranded
y proteins

1erase

playe
Where it comes in
Initiation

Elongation

Elongation

Termination
Elongation

Initiation,
Elongation

Function
Unwinds the parent DNA stra

Reads the parent strand and
pairs up nucleotides

Creates primers on the lagging
strand for DNA polymerase to a
to

Seals the gaps between the Okaz
fragments

Binds to and stabilizes ssDNA

Relieves the torsion caused
helicase a




45,,-
1ding vs. lagging stranc

A can only be replicated in the 5-3°
direction
— The shape of DNA polymerase only allows it t

add on nucleotides to the 3’ end of a
preexisting chain

— This produces a leading strand, 5°-3°, and &
lagging strand, 3’-5’°




ation
ocess for both leading and lagging strand

nzips’ starting at the ori

nzyme helicase breaks the hydrogen bonds betwee
ucleotides of the parent DNA strand

gle-stranded binding proteins bind to and stabilize the newly —
gle-stranded DNA to prevent it from base pairing with itself

opoisomerase relieves the
orsion upstream caused by A
licase by breaking and

oining phosphodiester 5 TACA
ds LLLLLLLT ]

3’ ATGT

Helicase .
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ell builds on the 5’ to 3’ strand by crea
plementary daughter strand
1e enzyme DNA polymerase does the

ymplementary base pairing

DNA polymerase grabs free nucleotides and matche
them to the bases on the parent strand

Leading
LU Strand
3’ ATGT




olymerase cannot synthesize on the 3-5° s

\ primers provide a platform for DNA polymerase
thesize on the 3’-5’ lagging strand
RNA primase is the enzyme that creates these primers

DNA polymerase

latchesontaithese
primers and gdiy
5NOW

3’
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ooing Strand: Elongat

ese hops cause the lagging strand to be b«
to short fragments of DNA called Okazaki
ragments

A primers are replaced RN Evnthesizsd DNA
th DNA

\ rst?rga:::g
3 S in the baC1<bone * / Replication fork
p azaki ”,/'\

= ‘h.3:

tween the old and nev // / ——— -
A are sealed by ligag 4 | /

3 .
shown strand

here




Termination

the lagging strand:

RNA primers are excised by DNA polymer:
and replaced with DNA

The gaps left over in the phosphodiester
backbone are sealed by DNA ligase

S’ TACA ¥

LU Leading strand

3’ ATEGT 5

Removed Primers
— L ———

5 TACA aae 3

LLCELLE Lagging strand
3’ ATGT 5’




Lagging
. strand
agging strand template
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opens after terminatio

aryotic genome is linear

gging strand can’t quite
he end, so there is a small
at never gets filled in —— Parental DNA

- | eading strand
many replications, this —— Lagging strand
to the genome actually m=  RNA primer
ning!

rjons where this
1g takes place are the




E %
Elelomere shortening and-cellularseneseence
=

» Each round of replication shortens telomeres

* Telomere shortening is considered a main cause of aging

in cells

— Cancer cells and stem cells can activate an enzyme
that re-lengthens the telomeres

* However, it is not the only nor the ultimate timekeeper
of cells '

e The shortening of telomeres
might protect cells from
cancerous growth by limiting
the number of cell divisions




videos

tube.com /watch?v=wkXgwGn dGU&feature=relatec

.youtube.com/watch?v=teV62zrm2Po&feature=related

www.youtube.com/watch?v=4jtmOZalvSo&feature=related



http://www.youtube.com/watch?v=wkXgwGn_dGU&amp;feature=related
http://www.youtube.com/watch?v=teV62zrm2P0&amp;feature=related
http://www.youtube.com/watch?v=4jtmOZaIvS0&amp;feature=related
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&= polymerase

» In general, DNA polymerase makes a mistake
on every 1 in 107 nucleotides
— DNA can be damaged by exposure to harmful
chemical or physical agents such as cigarette

smoke and X-rays; it can also undergo
spontaneous changes

» DNA polymerases proofread newly made
DNA, replacing any incorrect nucleotides

— In mismatch repair of DNA, repair enzymes
correct errors in base pairing

— In nucleotide excision repair, a nuclease
cuts out and replaces damaged stretches of DNA



: The worst replicatc

V DNA polymerase has very low
ccuracy

t accumulates mutations faster than any
NOWN Organism or virus

['herefore, it evolves the fastest out of an
OWN organism or virus

Very easily evolves resistance to drugs
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R: artificial DNA replicatic

Polymerase chain reaction

Used to amplify specific stretches of DNA
Sometimes we need to isolate one stretch
of DNA from an organisms’ genome

— Presence of a particular gene

— Gene sequencing
— Comparing gene sequences




ngredients for

plate DNA

he genome/sample of interest

rimers
Short DNA sequences complementary to bo

ends of your sequence of interest
INA polymerase

TAGCTTAGCTCATAGTC

‘ ffeI'S Z?"éz * ATC...

TAGCTTAGCTCATAGTC

Ps ok

PCR
ATCG

= nlICleOtideS TAGCTTAGCTCATAG?I'C
&

ATCGAATCGAGTATCAG
TAGCTTAGCTCATAGTC
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R: The proces

separate strands using heat

Primers anneal to the newly single-
stranded parent DNA

DNA polymerase recognizes the dsDNA
and starts copying

As soon as the copying is done, apply mor
eat to separate the strands again

epeat




PCR : Polymerase Chain Reaction

30 - 40 cvycles of 3 steps :

ﬂmw%‘ﬂw%www% Step 1 : denal:ur_

1 minut 94 =C
TTI‘n‘|T|'|‘I'IIIIIIIIIIIIII M
| |

Trrmnmnuuunnnmﬂﬂ‘rﬂmmrmmmnmwmrrmmﬂmm ' Step 2 : annealing

3 || | || | | LU.LLU_U 5
LULU-LLLUJ'U-UJ 45 seconds 54 °C
=) m—ﬂmn-l—m‘lﬂ—n .3'
. I forward and reverse

5 primers !!!

T 3 . io
b Step 3 : extensu_
s

2 minutes 72 °C
only dNTP's

CAncdy WViersirasie 1999)




tp://learn.genetics.utah.edu/content/labs/perf



http://learn.genetics.utah.edu/content/labs/pcr/

Vocabulary

hargaff’s rule * Helicase
Antiparallel  Ligase
Histone * Topolisomerase

Heterochromatin, Okazaki fragments
euchromatin Mismatch repair

Central dogma Excision repair
Jrigin of replication

NA polymerase




