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Leading strand synthesis continues in a

5’ to 3’ direction.

Discontinuous synthesis produces 5’ to 3’ DNA
segments called Okazaki fragments.
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Limits of DNA polymerase Il

. & can only build onto 3’ end of
an existing DNA strand

growing
replication fork

@

Leading strgnd
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Lagging strand e

o Okazaki fragments

o joined by ligase Leading strand
- “spot welder” enzyme ¢ continuous synthesis

DNA polymerase Il
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o3 Stages of Transcription
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Gene seguences

The gene contains -

| coding strand (sense / non-template strand)
land

‘ non-coding strand (non-sense / template
strand)

GAACTGGGATTCTCGG (sense)
(Non-

template)

GAACUGGGAUUCUCGG mRNA
T TGACCC JTAAGAGCC (Non-



Promoter in prokaryotic

A site on DNA to which RNA polymerase can bind and begin transcription

-35Box -10 Box Transcription
I—.—

TTGEACa TAtAaT

AACTGE ATaTtA

Unwound region

me first region” -10 DOX --------==--=-s=csmeememoenn —oeee TATA box (pribnow box)
he second region -35 bases from the start codon TTGACA

oter in eukaryotic Upstream TATA mRMNA
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RNA processing
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Some genes have their protein-coding information
interrupted by non-coding sequences called introns. The
coding sequences are then called “"exons”

exon 1 exon 2

Intron
| B




Pre-messenger RNA Processing

exon intron exon
pre-mRNA M7G : - AAAAAAA,
cap” - d poly(A) tail
' K RNA splicing
MRNA M7G - AAAAAAA, o,

nucleus




a) 5 CAP: CAPPED WITH MODIFIED
GUANINE - WHY?

b) POLY A TAIL: 50 — 250 ADENINE
NUCLEOTIDES - WHY?

Coding segment Termination signal
5 / - \ — ¥
[G-B-P-CH AAUAAA AAA-AAA
LY A J \ AN J
o W b4 W
5 Cap Leader Trailer Poly(A) tail
Start codon Stop codon

Copyright © Pearsen Education, Inc., publishing as Benjamin Cummings.




/ﬁ&ﬁ#&\\

| |TRaNscRIPTION DNA
VaVaVill
| mANA |
\ thﬂsnme.
\ | TRaNsLaTioN | .~ /

\ ﬁtﬁulypept_iﬂg/

(a) Prokaryotic cell

—
-
-

Nuclear
envelope ',

x;#f., P
(ITSTSISTSTN
TRANSCRIPTION
N

' |RMA PROCESSING |

)
%
oy

mRNA

Ribosome
TRANSLATION| r" v

|'_1'$1'L
= Polypeptide

{b) Eukaryotic cell
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= Types of RNA polymerases

* prokaryotic — . One type of RNA poly.
 Eukaryotic —— three RNA polymerase

A RNA poly.i — rRNA
RNA poly.i — mRNA
RNA poly.ii —— tRNA
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Transfer RNA (tRNA)
An adaptor molecule used in translation that has specificty for both a particular
amino acid for one or more codons aminoacid __ ol oo
antached here A
.
i
G
G
C
73-93 nucleotides i T loop
4 iy
a\_ L0 ABN
s G A A C
Acceptor end 70— \“'ﬁ =
gy R \.‘h ..I
Anticodons >
o if i
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articodon

anticodon

Amino acid +ATP+ Aminoacyl-synthetase —— aminoacyl-AMP + P-P

Aminoacyl-AMP +tRNA —, aminoacyl-tRNA + AMP

EX: alanyl-tRNA synthetase
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{1 U codon
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G mRNA 3'

Codon : a sequence of three bases in mMRNA that encodes an amino acid

Anticodon : a sequence of three bases in tRNA molecule that base-paires

with codon during protein synthesis




Ribosomal RNA (rRNA)

Prokaryotic cell

25 RNA
e 23S RNA
508 subunit 34 proteins

705 ribosome

305 subunit

165 RNA

21 proteins

Euokaryotic cell: Ribosomal RNA consists of 40S + 60S = 80S




Ribosomal RNA (rRNA)

Euokaryotic cell

N % 5S RNA

265 IRNA * 5 8srRNA

60S 3 subunit 49 Proteins
\ .
80S ribosome
0)
S 40S subunit
18SrRNA *
33 proteins

Euokaryotic cell: Ribosomal RNA consists of 40S + 60S = 80S




Differences

between
"DNA and RNA




RNA has uracil and DNA
has thymine.

RNA is a single helix and
DNA is a double helix.

A is very small and DNA |7

IS very large.

. RNA can travel between

the nucleus and the
plasm, DNA is only in
the nucleus.

'NA has ribose sugar and
DNA has deoxyribose.

p/  Sugar —__
phosphate ™
backbone

DNA RNA

Deoxynibonucleic acid Ribonucieic acid Bases

Image adapted from: National Human Genome Research Institute.
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ethionine

p codons = Nonsense codons

UAA
UGA
UAG

Genetic Code

linearity between base sequences in DNA and amino acid sequences in protein

The Genetic Code
U E A
Uuu ‘ucu UAU ucu
Phenyl | Tyrosine teine |Y
UuC| alanine UCC| UAC uc C
| Serine
e uca| ~ AT uzastop> |a
. ‘ op B
UUA Leucine UCG UAG GIIT G
cuu CAU| U
Histidine
cuc e CAC - C
eucine Y rginine
CUA| — [CAA| , A
[ | Glutamine
CuG ICAG| G
AUU ACU AAU _ |[AGu] . U
‘ Asparagng, serine
AUC so ucine]ACC ~ |AAC AGC &
AUA aca " IRAR o AcAl, (A
< ysine rginine |
AUG hioning ACG/ AAG) AGG arg G
GCu GAU| Aspartic | GGU U
GCC _ GAC] acid GGC . C
g Alanine » cine
GCA GAA Gltamic A
GCG GAG acid G
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Large
ribosomal
subunit

A site = Aminoacyle site P site = peptidyl site E site = Exit site
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attached

Ribosome

mRNA

A site = Aminoacyle site P site = peptidyl site E site = Exit site




2 — Translation

1- Initiation stage 2- Elongation stage 3- Termination stage




1- Initiation stage

A UCCGUACGAUUAA

5t = 3
| 30S TR
N =
IF1,IF2,IF3
t RNA + mRNA+ ribosome > Initiation complex

Initiation factors
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1- Initiation stage

- Large
Initiator \ ribosomal
tRNA —— ' subunit
mRNA ) )

5 Ml ML} UOAR RN
aiinan P

ribosomal

; Translation initiation complex
subunit

mRNA binding site

Ribosomal binding site= Shine Dalgarno sequence
Gi

«Sequence in mMRNA complementrary to sequence inr RNA
In small ribosomal subunit



2- Elongation stage

P aUusty)

Peptidyl transferase----peptidyl bound







3- Termination stage
el
Stop codons = nonsense codons UGA, UAAUAG

Release factors: prokaryotics ----- RF1(UAA), RF2
(UGA,UAG) RF3

Eukaryotics ------ eRF (for three stop codons)



Replication MRNA Translation

t DNA (protein synthesis)
ﬁ/"?mr\/}%

Transcription  Ribosome
(RNA synthesis)
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Practice

Make the complementary RNA strand for the -
single strand of DNA below: -

ATG GGC TAA CCG TTA

TAC CCG ATT GGC AAT

AUG GGC UAA CCG UUA
TTAGTAGTGCAA

AATCATCACGTT -
UUAGUAGUGCAA -




Gene Regulation
In Prokaryotes




W Lactose operon: a regulatory gene and 3
stuctural genes

Regulatory gene

Structural Genes
I
—\ |

lacl - lacZ lacy lacA DNA
P O
lacl Plac '|?_c

Jediall
=t M-RNA

]
m t30‘5 :::: ° .. Protein
Repressor © ) © == 0 ¢ °
B -Galactosidase Transacetylase
Permease

C operon



Operons

An operon Is a group of genes that are -
transcribed at the same time.

They are only found in prokaryotes. -
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%~ Lactose operon (Lac. operon )

B - galactosidase (z)
It transforms lactose into allolactose
and also catalyzes the conversion of
lactose to glucose and galactose.

B - galactoside permease (y)
B - galactoside transacetylase (a)




&%~ Lactose operon (Lac. operon )

B - galactoside permease (y)
Membrane channel protein required to
uptake lactose from the environment

B - galactoside transacetylase (a)
It rids the cell of toxic thiogalactosides
that also get transported by lacY.




RNA polymerase
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Transcription l \

Repressor Active

mRNA Hli repressor
protein
Translation

® When lactose Is absent

= The lac repressor senses the presence of lactose
(more precisely allolactose-an isomer of lactose) in
the medium. In the absence of allolactose (A) the
repressor protein (R) binds to the operator region (O)
and blocks the RNA polymerase from transcribing the
structural genes.
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When lactose is present :

When lactose iIs present in a medium, some of it will be
converted to allolactose. This allolactose binds to the
repressor protein. Binding of allolactose with repressor
protein changes the shape of repressor protein so it can no
longer binds to the operator region. This allows the RNA
polymerase to bind to the promoter site, starting the
Initiation of transcription of the structural genes lacZ, lacY,
and lacA to produce mRNA.
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Aim: How do scientists utilize
recombinant DNA technology?

4
’ R ows b= » &

hy does Spiderman have these
special powers?



What is Genetic Engineering?

o "\_\f\‘

Genetic Engineering IS a new process
that scientists use to alter the genetic
Instructions In organisms.


http://www.worth1000.com/view.asp?entry=2947
http://www.worth1000.com/view.asp?entry=12830&display=photoshop

Why would scientists want to alter the

genetic instructions of organisms?

"

Scientists can generate organisms

with desired characteristics.



http://www.worth1000.com/view.asp?entry=12782&display=photoshop

How i1s DNA Modified?

Step 1: DNA is first extracted
(removed) from cells.

ATGAATTCT.. ATGAATTCT..
TACTTAAGA.. T TACTTAAGA..

DNA




How Is DNA Modified?

Step 2: DNA Is then cut Into smaller
pieces with Restriction Enzymes.

ATGAATTCT ATG AATTCIT
TACTTAACA " TACTTA A
Restriction enzymes are

K 11 . . b
(i scissor-like” enzymes that

recognize and cut specific

seguences in the DNA.
'at base sequence was this restriction
yme specific for? GA é"’
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